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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

INTRODUCTION

OVERVIEW

King County's surface water features - the rivers, lakes, wetlands, streams, and Puget Sound -- are a significant part of
our natural beauty and rich heritage. Spawning salmon, meandering rivers, and clean water are important natural
resources which must be managed wisely to protect their values.

This Surface Water Design Manual contains the requirements and standards for designing surface and storm water
management systems in King County. As part of the permit approval process for certain types of permits for proposed
projects, King County requires the construction of surface water and storm water management systems to mitigate the
impacts on natural and existing man-made drainage systems.

This manual regulates proposed projects by a mixture of requirements, performance, and design standards.
Requirements are quite specific. Performance and design standards are less specific, directing the design engineer to
accomplish a defined goal in a consistent manner considering site constraints, objectives of a project, and technical
limitations.

These requirements and standards are enforced by the King County Department of Development and Environmental
Services (DDES). DDES is responsible for the drainage review and approval of the engineering plans and for the
administration of the Sensitive Areas Ordinance and Rules and all other King County codes governing development.

The Water and Land Resources (WLR) Division of the King County Department of Natural Resources is responsible
for developing the requirements and standards, which includes publishing, updating and providing the technical support
for this manual. The WLR Division also reviews requests for experimental design adjustments and blanket adjustments
as described in Chapter 1, Section 1.4.

The chapters of this manual are organized as follows:

Chapter 1 - DRAINAGE REVIEW AND REQUIREMENTS

Describes the basic drainage requirements that implement King County adopted surface water runoff
policies and explains how these requirements are applied to proposed projects through the drainage
review process.

Chapter 2 DRAINAGE PLAN SUBM/'ITAL

Describes the requirements and specifications for submittal of design plans for drainage review,
including report and plan formats, and scopes.

Chapter 3 HYDROLOGIC ANALYSIS AND DESIGN

Presents the acceptable methods of hydrologic analysis used to estimate runoff and design flow
control, conveyance and water quality facilities.

Chapter 4 - CONVEYANCE SYSTEM ANALYSIS AND DESIGN

Presents the acceptable methods, details and criteria for analysis and design of conveyance systems.

Chapter 5 - FLOW CONTROL DESIGN

Presents the acceptable methods, details and criteria for analysis and design of flow control facilities.

Chapter 6 - WATER QUALITY DESIGN

Presents the acceptable methods, details and criteria for analysis and design of water quality facilities.

1998SurfaceWaterDesignManual 9/1/98
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

DEFINITIONS - A formal list of the words, terms and abbreviations accompanied by their meaning as applied in
this manual.

APPENDICES:

APPENDIX A - MAINTENANCE REQUIREMENTS FOR PRIVATELY MAINTAINED DRAINAGE
FACILrIXES

Contains the frequency, thresholds and standards for maintenance of all privately maintained
storm drainagefacilities.

APPENDIX B - MASTER DRAINAGE PLAN OBJECTIVES, CRITERIA AND COMPONENTS AND
REVIEW PROCESS

Describes in a general outline, the objectives, criteria,components and review process for
Master Drainage Plans preparedfor UrbanPlanned Developments and very large projects.

APPENDIX C - SMALL SITE DRAINAGE REQUIREMENTS (Separate Detached Publication)

Describes in a separate booklet available from the WI,R Division or DDES, the simplified
drainage requirements for smaller projects that qualify for small site drainage review.

APPENDIX D - EROSION & SEDIMENT CONTROL STANDARDS (Separate Detached Publication)

Describes in a separate booklet available from the WLR Division or DDES, the required
measures to be implemented during construction to prevent discharges of sediment laden
runofffrom the project site. It also describes effective management practices which may be
needed to supplement the requirederosion and sedimentation control measures.

REFERENCE - Includes materials which are strictlyfor reference only and have not been adopted by the
public rule adopting this manual. The applicant is responsible to insure that the most current
materials areused in preparinga permit application.

INDEX
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

CHAPTER 1
DRAINAGE REVIEW AND REQUIREMENTS

This chapter describes the drainage review procedures and types, the drainage requirements, and the
adjustment procedures necessary to implement surface water runoff policies codified in Chapter 9.04 of
the King County Code (KCC). It also provides direction for implementing more detailed procedures and
design criteria found in subsequent chapters of this manual.

Chapter Organization

The information presented in Chapter 1 is organized into four main sections as follows:

• Section 1.1, "Drainage Review" (p. 1-3)

• Section 1.2, "Core Requirements" (p. 1-17)

• Section 1.3, "Special Requirements" (p. 1-59)

• Section 1.4, "Adjustment Process" (p. 1-65).

Each of these sections begins on an odd page so that tabs can be inserted by the user if desired for quicker
reference.

Key Words and Phrases

Several key words and phrases have specific definitions as they are used in this manual; those of particular
importance in determining drainage requirements are listed below. These and other terms are defined in
the "Definitions" section in the back of this manual. Many of these terms are also defined when first used
in this chapter.

• Acceptable discharge point • Natural discharge area

• Closed depression • New impervious surface

• Construct or modify • Pollution-generating impervious surface

• Direct discharge • Pollution-generating pervious surface

• Drainage area • Project site

• Equivalent area • Redevelopment project

• Existing site conditions • Replaced impervious surface

• Flow durations • Single family residential project

• Flowpath • Site (see also onsite and offsite)

• High-use site • Surface flow

• Hydraulically connected • Threshold discharge area

1998SurfaceWaterDesignManual 9/1/98
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

1.1 DRAINAGE REVIEW

Drainage review is the evaluationby the Departmentof DevelopmentandEnvironmentalServices
(DDES) permitreview staffof a proposed project'scompliance with the drainagerequirementsof this
manual. During drainagereview,DDES permit review staff also evaluate the proposed projectfor
compliance with other King County requirements(which arenotcovered in this manual), such as those
specified in the Sensitive Areas Ordinance,basin plans, and CriticalDrainageAreas. If required,drainage
review becomes an integralpartof the overall permitreview process. This section describes when and
what type of drainage review is required for a proposed project and how to determine which
drainage requirements apply.

Guide to Using Section 1.1

The following steps arerecommended for efficient use:of Section 1.1:

I. Determinewhether yourproposed project is subject to the requirements of this manual by seeing if it
meets any of the thresholdsfor drainage review specified in Section 1.1.1 (p. 1-6). Making this
determinationrequiresan understandingof the Key Definitions listedbelow.

2. If drainagereviewis requiredper Section l.l.l, use the flow chartin Figure 1.1.2.A (p. 1-7) to
determine what type of drainagereview will be conducted by DDES. The type of drainagereview
defines thescope of drainagerequirementsthat will apply to yourproject as summarizedin Table
l.l.2.A (p. 1-8).

3. Check the more detailed thresholdinformationin Section I.1.2 (beginningon page I-7) to verify that
you have determined the correcttype of drainagereview.

4.. After verifyingdrainagereview type, use the informationin Section 1.1.2to determine which core
requirements(found in Section 1.2) andwhich special requirements(found in Section 1.3) must be
evaluated forcompliance by yourproject. To determinewhat actions arenecessaryto comply with
each applicablecore andspecial require-nero,see the more detailedinformationon these requirements
contained in Sections 1.2 and 1.3 of this chapter.

Note: For Steps 2 through,4, it is recommended that you arrange a predesign meeting with DDES permit
review staff to confirm the type of drainage review and scope of drainage requirements that apply to your
proposed project.

i

El KEYDEFINmONS

Proper application of the drainagereview thresholds in this section requires an understanding of the key
definitions listed below. Other definitions can be found in the "Definitions" section of this manual.

Construct or modify: To install a new drainage pipe/ditch or make improvements to an existing drainage
pipe/ditch (for purposes other than routine maintenance, repair, or emergency modifications, and
excluding driveway culverts installed as part of single family residential building permits) that either
serves to concentrate previously unconcentrated surface and storm water runoff or serves to increase,
decrease, and/or redirect the conveyance of surface and storm water runoff.

Critical Drainage Area: An area where the Department of Natural Resources (DNR) has determined that
additional drainage controls (beyond those in this manual) are needed to address a severe flooding,
drainage, and/or erosion condition which poses an imminent likelihood of harm to the welfare and safety
of the surrounding community. Critical Drainage Areas (CDAs) are formally adopted by administrative
rule under the procedures specified in KCC 2.98. When CDAs are adopted, they are inserted in Reference
Section 3 of this manual and their requirements are implemented through Special Requirement #1 (see
Section 1.3.1).

1998SurfaceWaterDesignManual 9/1/98
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SECTION1.1 DRAINAGEREVIEW

High.use site: A commercial or industrialsite that (1) has an expected average daily traffic (ADT) count
equal to or greater than 100 vehicles per 1,000 square feet of gross building area; (2) is subject to petroleum
storage or transfer in excess of 1,500 gallons per year,not including delivered heating oil; or (3) is subject to--
use, storage, or maintenance of a fleet of 25 or more diesel vehicles that are over 10 tons net weight (trucks,
buses, trains, heavy equipment, etc.). Also included is any road intersection with a measured ADT count of
25,000 vehicles or more on the main roadway and 15,000 vehicles or more on any intersecting roadway,
excluding projects proposing primarilypedestrian or bicycle use improvements.

Natural discharge area: An onsite area tributary to a single natural discharge location.

Natural discharge location: The location where runoff leaves the project site under existing site conditions.

New impervious surface: The addition of a hard or compacted surface such as roofs, pavement, gravel, or
dirt,or the addition of a more compacted surface such as the paving of pre-existing dirt or gravel.

Landslide Hazard Drainage Areas: Specially mapped areas where the County has determined that
overland flows from new projects will pose a significant threat to health and safety because of their close
proximity to SAO-deflned landslide hazard areas that are on slopes greater than 15%(a delineation of the
known SAO landslide hazard areas can be found in King County's Sensitive Areas Map Folio). Such
areas are delineated on the Landslide Hazard Drainage Areas Map adopted with this manual (see map
pocket on inside of back cover).

Pollution-generating impervious surface 0PGIS): Those impervious surfaces considered to be a
significant source of pollutants in stormwater runoff. Such surfaces include those which are subject to
vehicular use or storage of erodible or leachable materials, wastes, or chemicals, and which receive direct
rainfall or the run-on orblow-in of rainfall (for more details, see page 1-50). Metal roofs are also
considered to be PGIS unless they arc treated to prevent leaching.

Project site: That portion of a propertyor properties subject to proposed project improvements including
those required by this manual.

Redevelopment project: A project that proposes to add, replace, and/or alter impervious surface (for ....
purposes other than routine maintenance, resurfacing, regrading, orrepair) on a site that is already
substantially developed (i.e., has 35%or more of existing impervious surface coverage). The foUowing
examples illustrate the application of this definition.

ExampleofanExisting Exampleofa Proposed Exampleofa Proposed
SReConditionfora RedevelopmentProject RedevelopmentProject
RedevelopmentProject thatAltersExisting thatAddstoExisting

ImperviousSurface ImperviousSurface

PerviousArea(15%)

- ImoerviousArea(35%_ ImperviousArea(85%)

Pervious ::"'_'_"
Area

Parking (65%) Parkingl

----I
SiteBoundary _--- ProjectSiteBoundary ProjectSiteBoundary

Replaced impervious surface: Any existing impervioussurface on the project site that is proposed to be
removed down to bare soil orbase course and replaced with pollution-generating impervious surface,
excluding impervious surfaceremovedfor the sole purpose of installing utilities.

Single family residential project: A project that constructs or modifies a single family dwelling unit
and/or makes related onsite improvements, such as driveways, roads, outbuildings, play courts, etc., or a
project that creates single family residential lots such as a plat or short plat.

911/98 1998SurfaceWaterDesignManual
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1.1 DRAINAGE REVIEWmKEYDEFINITIONS

Site: The legal boundaries of the parcel or parcels of land for which an applicant has or should have

applied for authority from King County to carry out a development activity, including any drainage
improvements required by this manual.

Threshold discharge area: An onsite area draining to a single natural discharge location or multiple

natural discharge locations that combine within one-quarter-mile downstream (as determined by the

shortest towpath). The examples below illustrate this definition. The purpose of this definition is to

clarify how the thresholds of this manual are applied to project sites with multiple discharge points.

Example of a Project Site Example of a Project Site Example of a Project Site
with a Single Natural with Multiple Natural with Multiple Natural
Discharge and a Single Discharges and a Single Discharges and Multiple
Threshold Discharge Area Threshold Discharge Area Threshold Discharge Areas

\ Natural / .l_ral Natural ,..l_ral t Natural
._..,DT..,.,.,.,.,.,.,.,_rg_-_../ "" "_ischa'rge._ Di_s__e .... "" "Discharge. J. Discharge.....

.... "_ Area /d',, Area I !--._r-ea 2 Area 1 -J--Area 2
THRESHOLD "" -. s._r---J-'HRE. =HOLD | I'HRE,_IOLD ITHRESHOLDt

"" 131SCHAI_.GE|DISCHARG_-, .D_'_RGE . * mC_,_G__.-'-_'-"-
\/ ARF__. '_,P--&_ AREA t', t ,_EA 2 'e

""' 7.'. m

, '.'-C x iNL /':
, Natural _ Natural ' I Natural I

/' Discharge '. Discharge : Discharge
I" Location t Locations I Locations

: t i
', •

"g *

: / ' /
t ,

"_. I t I

1_Mile Downstream I _- L -- --
(shortestflowpath) _ _

°,
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SECTIONI.I DRAINAGEREVIEW

1.1.1 PROJECTS REQUIRING DRAINAGE REVIEW
Drainage review is required for any proposedproject (except those proposing only routine maintenance,
repair, or emergency modifications) that is subject to a King County development proposal, permit, or
approval listed at right, AND which meets any one of the following conditions:

1. Adds 5,000 square feet1or more of new impervious
surface, OR King County Permits and Approvals

2. Proposesto constructor modify a drainagepipe/ditch AdministrativeSubdivision(ShortPlat)
that is 12inches or more in size/depth, or receives surface ConditionalUse*
and storm water runoff from a drainage pipe/ditch that is Clearing

12inchesor morein size/depth,OR CommercialBuilding

3. Containsor is adjacenttoa floodplain,stream,lake, ExpedmentalDesignAdjustment*

wetland,closeddepression,or othersensitivearea as FormalSubdivision(plat)
definedby the SensitiveAreasOrdinance(codifiedin FranchiseUtilityRight-of-WayUse
KCC 21A.24),excludingseismic,coalmining,and
volcanichazardareas,OR Grading

PreapplicationAdjustment*
4. Is locatedwithin a Landslide Hazard Drainage Area=

and adds2,000squarefeetor moreof newimpervious Right-of-WayUse
surface, OR ShorelineSubstantialDevelopment*

SingleFamilyResidentialBuilding
5. Is located within a CHticai Drainage Area) OR Special Use*
6. IS locatedwithin a rural zonedarea subjectto areal UnclassifiedUse*

clearinglimits=underKCC 16.82.150(c)andclearsmore
UrbanPlannedDevelopment

than 7,000 squarefeet or 35% of the site, whichever is
greater, OR Zoning Reclassification*

ZoningVariance*
7. Is a redevelopmentprojectproposing$100,0005or more ....

of improvementsto anexisting high-use site, OR *Note: ff theproposedproject will

8. ISa redevelopmentprojectproposing$500,000or more requiresubsequentpermitssubjectto
drainagereview, thenDDESmay

of site improvements and creates5,000 square feet or allowthe drainagereviewto be
moreof contiguouss pollution-generating impervious deferreduntilapplicationfor the later
surface through any combinationof new and/or replaced permits.
impervious surface.

If drainage review is requiredfor the proposedproject,the type of drainagereview must be determined
based on project and site characteristics as described in Section 1.1.2. The type of drainage review defines
the scope of drainage requirements which must be evaluated for project compliance with this manual.

Thethresholdof5,000squarefeetormoreofnewimpervioussurfaceshallbeappliedbythresholddischargeareaandshall
includeallimpervioussurfacethatwillultimatelyresultfromtheproposedproject(e.g.,impervioussurfacethatwillresultfrom
futurehomeswithina platorshortplat).

2 LandslideHazardDrainageAreasaredelineatedonamapadoptedwiththismanual(seemappocketinsideofbackcover).
s SeeReferenceSection3 fora listofCdticalDrainageAreas.
4 SeeReferenceSection1fora listofruralzonedareaswherethisthresholdapplies.
s Thisisthe"projectvaluation"asdeclaredonthepermitapplicationsubmittedtoDDES.Thecostthresholdsinthismanual

areconsideredtobein1998dollarsandmaybeadjustedonanannualbasisusingthelocalconsumerpdceindex(CPI).
s Conliguouspollution-gensratingimpervioussurface(PGIS)meansa discretepatchofPGISthatisalltogetherasopposedto

beingseparatedindifferentlocationsontheprojectsite.Theintentistoidentifythoseredevelopmentprojectsthatarereplacing
and/oraddingenoughimpervioussurfaceinonelocationtoallowforopportuneinstallationofawaterqualitytreatmentfacility."rhe
thresholdof5,000squarefeetormoreofcontiguousPGISshallbeappliedbythresholddischargearea.
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1.1.2 DRAINAGEREVIEWTYPES AND REQUIREMENTS

1.1.2 DRAINAGE REVIEW TYPES AND REQUIREMENTS

For most projects adding 5,000 square feet or more of impervious surface, the full range of core and

special requirements contained in Sections 1.2 and 1.3 must be evaluated for compliance through the
drainage review process. However, for some types of projects the scope of requirements applied is
narrowed to allow more efficient, customized review. Each of the following four drainage review types

tailors the review process and application of drainage requirements to a project's size, location, type of
development, and anticipated impacts to the local and regional surface water system:

• Small Site Drainage Review, Section 1.1.2.1 (p. 1-9)

• Targeted Drainage Review, Section 1.1.2.2 (p. 1-10)

• Full Drainage Review, Section 1.1.2.3 (p. 1-13)

• Large Site Drainage Review, Section 1.1.2.4 (p. 1-13).

Each project requires only one of the above drainage review types, with the single exception that a
project which qualifies for Small Site Drainage Review may also require Targeted Drainage Review.
Figure 1.1.2.A can be used to determine which drainage review type would be required. This may entail
consulting the more detailed thresholds for each review type specified in the above-referenced sections.

Table 1.1.2.A (next page) can be used to quickly identify which requirements are applied under each type
of drainage review. The applicant must evaluate those requirements that axe checked off for a particular
drainage review type to determine what is necessary to meet compliance.

FIGURE 1.1.2.A FLOW CHART FOR DETERMINING TYPE OF DRAINAGE REVIEW REQUIRED

Is the projecta single familyresidentialproject (as ] [ SMALLSITEDRAINAGEREVIEW I

definedon page1-4)thatadds2,000to 10,000sfof ] Yes LI Section1,1,2,1 [newimpervioussurfaceANDclears< 2acresOR "] Note: Theprojectmayalso besubjecttoTargefed I
< 35%ofthesite,whicheverisgreate_ I DrainageReviewas determinedbelow. I

Doestheprojectadd> 2,000sfof Doesthe projecthavethecharacteristicsofoneormoreofthefollowing
newimpervioussurfacewithina categories(seethemoredetailedthresholdlanguageonp.1-10)?
LandslideHazardDrainageArea 1. Projectsthatcontainorareadjacenttofloodplainsorsensitiveareas,
(LHDA)or> 5,000 sfoutsideof a No OR projectswithina LHDAorCriticalDrainageArea,OR ruralzoned
LHDA,OR is ita redevelopment projectssubjecttoarealclearinglimitsperKCC16.82.150(c)
projectcosting> $500,000that 2. Projectsthatproposetoconstructormodifya 12"(orlarger)drainage
creates> 5,000sf ofcontiguous pipe/ditchorreceiverunofffroma 12"(orlarger)drainagepipe/ditch
PGISfromnewand/orreplaced 3. Redevelopmentprojectsproposing> $100,000in improvementstoan
impervioussurface? existinghigh-usesite

Yes _,No J,Yes

""s"=whtherI [
drainagereviewis TARGETEDDRAINAGEREVIEW
requiredperSection Section1,1,2;2
1.1.1(p. 1-6).

qr

IDoestheprojectinvolvean UrbanPlanned
Development(UPD)ormeetanyoftheother No FULLDRAINAGEREVIEW
thresholdsfor LargeSiteDrainageReview Section1,1.2.3
specifiedinSection1.1.2.4(p.1-13)?

Yes

t LARGESITE DRAINAGEREVIEW

Section 1.1,2.4

1998SurfaceWater Design Manual 9/1/98
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SECTION 1.1 DRAINAGEREVIEW

TABLE LI_ REQUIREMENTS APPLIED UNDER EACH DRAINAGE REVIEW TYPE

Small Site Targeted Full Large Site
Drainage Drainage Drainage Drainage
Review Review Review Review

Single SmallSiteprojectsorothersmall All projects, UPDs, OR
family projectsthatare notsubjectto Fullor includingredevel- projectsthat
residential LargeSite DrainageReviewasdeter- opmentprojects, resultin> 50
projects minedin Sections1.1.2.3 (p.1-13) and that add> 5,000 acresof new
that add 1.1.2.4 (p.1-13), AND whichhavethe sf (2,000 sf within impervious
2,000 to characteristicsofone or more of the a LHDA)of new surface
10,000 sf followingcategoriesof projects: impervioussur- withina
of new 1. Projectscontainingoradjacentto face butdo not subbasinor
impervious floodplains/sensitiveareas;or projects qualifyfor Small multiple
surface withina LandslideHazardDrainage Site Drainage subbasins
AND clear Area(LHDA)or CriticalDrainageArea; i Review,OR that are
< 2 acres or ruralzonedprojectssubjectto areal redevelopment hydraulically
or < 35% of clearinglimitsperKCC 16.82.150(c) projectscosting connected,
the site, 2. Projectsthatproposeto constructor > $500,000 that OR projects
whichever modifya 12" (or larger)drainage create> 5,000 sf onsites > 50
is greater, pipe/ditchorreceiverunofffroma 12" of contiguous acreswithin

(or larger)drainagepipe/ditch PGIS fromnew the recharge
3. Redevelopmentprojectsproposing and/orreplaced area of a

> $100,000 inimprovementsto a Impervious sole-source
high-usesite.0) surface, aquifer.

Category Category Category
1 2 3

SMALLSITE REQUIREMENTS

COREREQUlREMar#1 .,2) V" V" VDischargeat NaturalLocation

COREREQUIREMENT#2 .(2) _(3) 1/((3) V_'(3) --OffsiteAnalysis

COREREQUIREMENT#3 .(2) V/.(3) V,,(3)FlowControl

COREREQUIREMENT. .(2) V" V" V"ConveyanceSystem

COREREQUIREMENT#6 v" ,/ v" v" v"Erosion& SedimentControl

COREREQUIREMENT#6 *(2) _ _ _ V"Maintenance& Operations

COREREQUIREMENT#7 .(2) V/'(3) I//'(3) V/'(a) V((2 )FinancialGuarantees& Liability

COREREQUIREMENT#8 ,(2) _f'(3) V/'(3)WaterQuality

SPECIALREQUIREMENT#1 Vt'(3) V"(3) _"(a)OtherAdoptedRequirements

SPECIALREQUIREMENT#2 lf(3 ) I//.(3) lf(3 )Floodpln/FloodwyDelineation

SPECIALREQUIREMENT#3 1//'(3) 1//.(3) 1/((3)FloodProtectionFacilities

SPECIALREQUIREMENT#4 _,3) V/'(3) _ (3) _ (3) _'(3)SourceControl

SPECIALREQUIREMENT#5 _'(3) _//(3) V/'(3)Oil Control

(1) Category3 projectsthat installoilcontrolswhichconstructor modifya 12-inchpipe/ditchare alsoCategory2 projects.
(2) May be appliedby DDES basedon projectorsite-specificconditions.

(3) These requirementshave exemptionsorthresholdswhichmayprecludeor limittheirapplicationto a specificproject.
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1.1.2 DRAINAGEREVIEWTYPESAND REQUIREMENTS

1.1.2.1 SMALL SITE DRAINAGE REVIEW

Small Site Drainage Review is a simplified alternative to Full Drainage Review for small residential

buildingandsubdivisionprojectsaddinglessthan10,000squarefeetof newimpervioussurfaceand
restricting site clearing to less than 2 acres or less than 35% of the site, whichever is greater. The core and
special requirements applied under Full Drainage Review are replaced with simplified small site
requirements which can be applied by a non-engineer. These requirements include flow control Best

Management Practices (BMPs) such as setting aside open space to limit future site clearing, and using
simple measures such as splash blocks and gravel trenches to disperse or infiltrate runoff from impervious

areas. Also included are simple BMPs for erosion and sediment control (ESC). Formal water quality
treatment is not necessary. This alternative to Full Drainage Review acknowledges that drainage impacts
for many small development proposals can be effectively mitigated without construction of costly flow
control and water quality facilities.

The Small Site Drainage Review process minimizes the time and effort required to design, submit, review,
and approve drainage facilities for these proposals. In most cases, the requirements can be met with
submittals prepared by contractors, architects, or homeowners without the involvement of a licensed civil
engineer.

Threshold

r Small Site Drainage Review is allowed for any project that is subject to drainage review as determined in
" Section 1.1.1 (p. 1-6) and that meets all of the following criteria:R
I=

s • The project is a single family residential project, r AND14
0

L * The project adds 2,000 to I0,000 square feet 8 of new impervious surface, ANDo

_ • The project clears less than 2 acres or less than 35% of the site, whichever is greater.

Note: Some projects qualifying for Small Site Drainage Review may also require Targeted Drainage
Review if they meet any of the threshold criteria in Section 1.1.2.2 (p. 1-10).

Any potential small site proposal may elect to go through Full Drainage Review described in Section
1.1.2.3 (p. 1-13).

Scope of Requirements

I IF Small Site Drainage Review is allowed, THEN the applicant may apply the simplified small site

submittal and drainage design requirements detailed in Small Site Drainage Requirements adopted as
Appendix C to this manual (detached) and available as a separate booklet from DNR or DDES. These

requirements include simplified BMPs for flow control and erosion and sediment control. Note: An open
space tract or covenant may be required to preserve uncleared areas.

Exemption from Core and Special Requirements

The simplified drainage requirements applied under Small Site Drainage Review are considered sufficient

to meet the overall intent of the core and special requirements in Sections 1.2 and 1.3, except under certain
conditions when a proposed project has characteristics that trigger Targeted Drainage Review (see the
threshold for Targeted Drainage Review in Section 1.1.2.2, p. 1-10) and may require the involvement of a
licensed civil engineer. Therefore, any proposed project that qualifies for Small Site Drainage Review as

determined above and complies with the small site drainage requirements detailed in Appendix C is
considered exempt from all core and special requirements in Sections 1.2 and 1.3 except those which would
apply to the project ff it is subject to Targeted Drainage Review as specified in Section 1.1.2.2 (p. 1-10).

7 Singlefamilyresidentialprojectisdefinedonpage1-4.

e Thethresholdof10,000squarefeetofnewimpervioussurfaceshallbeappliedbythresholddischargeareaandshall
includeall impervioussurfacethatwillultimatelyresultfromtheproposedproject(e.g.,impervioussurfacethatwillresultfrom
futurehomeswithina platorshortplat).
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SECTION1.1 DRAINAGEREVIEW

1.1.2.2 TARGETED DRAINAGE REVIEW

Targeted Drainage Review (TDR) is an abbreviated evaluation by DDES permit review staff of a proposed
project's compliance with selected core and special requirements. Projects subject to this type of drainage

review are typically small-site proposals or other small projects that have site-specific or project-specific
drainage concerns that must be addressed by a licensed civil engineer or DDES engineering review staff.
Under Targeted Drainage Review, engineering costs associated with drainage design and review are kept
to a minimum because the review includes only those requirements that would apply to the particular
project.

Threshold

Targeted Drainage Review is required for those projects subject to drainage review as determined in

Section 1.1.1 (p. 1-6), AND which are not subject to Full or Large Site Drainage Review as determined in
Sections 1.1.2.3 (p. 1-13) and 1.1.2.4 (p. 1-13), AND which have the characteristics of one or more of the
following project categories:

• TDR Project Category #1: Projects that contain or are adjacent to a floodplain, stream, lake,
wetland, closed depression, or other sensitive area as defined by the Sensitive Areas Ordinance

(codified in KCC 21A.24) excluding seismic, coal mining, and volcanic hazard areas; OR projects
located within a Landslide HaTard Drainage Area s or a Critical Drainage ArealO; OR projects located
within a rural zoned area la subject to areal clearing limits under KCC 16.82.150(c) and which clear
more than 7,000 square feet or 35% of the site, whichever is greater.

• TDR Project Category #2: Projects that propose to construct or modify TMa drainage pipe/ditch that is

12 inches or more in size/depth or receives surface and storm water runoff from a drainage pipe/ditch
that is 12 inches or more in size/depth.

• TDR Project Category #3: Redevelopment projects that propose $100,000 or more of improvements •
to an existing high-use site. TM

Scope of Requirements
m

IF Targeted Drainage Review is required, THEN the applicant must demonstrate that the proposed project
a complies with the selected core and special requirements corresponding to the project category or
E categories that best match the proposed project. The project categories and applicable requirements forQ
M each are described below and summarized in Table 1.1.2.A (p. 1-8).r

s Note: If the proposed project has the characteristics of more than one project category, the requirements
_ of each applicable category shall apply.

Compliance with these requirements requires submittal of engineering plans and/or calculations stamped
by a licensed civil engineer registered in the state of Washington, unless deemed unnecessary by DDES.
The engineer need only demonstrate compliance with those core and special requirements that have been
predetermined to be applicable based on specific project characteristics as detailed below and summarized

in Table 1.1.2.A (p. 1-8). The procedures and requirements for submittal of engineering plans and
calculations can be found in Section 2.3.

9 LandslideHazardDrainageAreasaredelineatedona mapadoptedwiththismanual(seemappocketinsideofbackcover).
lo SeeReferenceSection3 fora listofCriticalDrainageAreas.

11SeeReferenceSection1fora listofruralzonedareaswherethisthresholdapplies.
12Constructandmodifyisdefinedonpage1-3.

13Seethefulldefinitionofhigh-usesiteonpage1-12.
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1.1.2 DRAINAGE REVIEW TYPES AND REQUIREMENTS

TDR Project Category #1

Thiscategory includesprojects thatare too small to triggerapplicationof most core requirements,but
may be subject to site-specific floodplain or sensitive area requirements,or other area-specific
drainage requirements adopted by the County. Such projects primarily include single family
residential projects in Small Site Drainage Review.

IF the proposed project meets the characteristics of TDR Project Category #1, THEN the applicant
must demonstrate that the project complies with the following five requirements:

R • Core Requirement #5: Erosion and Sediment Control, Section 1.2.5 (p. 1-43)E
Q

, • Special Requirement #1: Other Adopted Area-Specific Requirements, Section 1.3.1 (p. 1-59)T

s . Special Requirement #2: Floodplain/Floodway Analysis, Section 1.3.2 (p. 1-60)

• Special Requirement #3: Hood Protection Facilities, Section 1.3.3 (p. 1-61)

_ • Special Requirement #4: Source Control, Section 1.3.4 (p. 1-61).

In addition, DDES may require the applicant to demonstrate compliance with any one or more of the
remaining seven core requirements in Section 1.2 based on project or site-specific conditions. For
example, if the proposed project contains or is adjacent to a SAO-defined landslide or steep slope
hazard area, DDES may require compliance with "Core Requirement #1: Discharge at the Natural
Location" (Section 1.2.1, p. 1-17). This may in turn require compliance with "Core Requirement #2:
Offsite Analysis" (Section 1.2.2, p. 1-19) if a tightline is required by Core Requirement #1. If a
tightline is found to be unfeasible, DDES may instead require a flow control facility per "Core
Requirement #3: How Control" (Section 1.2.3, p. 1-25). If a tightline is feasible, "Core Requirement
#4: Conveyance System" (Section 1.2.4, p. 1-38) would be required to ensure proper size and design.
Any required flow control facility or tightline system may also trigger compliance with "Core
Requirement #6: Maintenance and Operations" (Section 1.2.6, p. 1-46), "Core Requirement #7:
Financial Guarantees and Liability" (Section 1.2.7, p. 1-47), and possibly "Core Requirement #8,
Water Quality" (Section 1.2.8, p. 1-49) if runoff from pollution-generating impervious surfaces is
collected.

The applicant may also have to address compliance with any applicable sensitive areas requirements
in KCC 21A.24 as determined by DDES.

TDR Project Category #2

This category is intended to apply selected core and special requirements to those projects that
propose to construct or modify a drainage system of specified size, but are not adding sufficient
impervious surface to trigger Full Drainage Review or Large Site Drainage Review.

m

IF the proposed project meets the characteristics of TDR Project Category #2, THEN the applicant
must demonstrate that the proposed project complies with the following requirements:

• Core Requirement #1: Discharge at the Natural Location, Section 1.2.1 (p. 1-17)

• Core Requirement #2: Offsite Analysis, Section 1.2.2 (p. 1-19)s
,ca • Core Requirement #4: Conveyance System, Section 1.2.4 (p. 1-38)
T

s • Core Requirement #5: Erosion and Sediment Control, Section 1.2.5 (p. 1-43)

• Core Requirement #6: Maintenance and Operations, Section 1.2.6 (p. 1-46)

• Core Requirement #7: Financial Guarantees and Liability, Section 1.2.7 (p. 1-47)

• Special Requirement #4: Source Control, Section 1.3.4 (p. 1-61).
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SECTION 1..1 DRAINAGEREVIEW

TDR Project Category #3

This category is intended to improve water quality by applying source control and oil control

requirements to redevelopment projects located on the most intensively used sites developed prior to
current water quality requirements. These are referred to as high-use sites and are defined below.

High-Use Site Definition: A high-use site is any one of the following:

• A commercial or industrial site with an expected average daily traffic (ADT) count equal to or
greater than 100 vehicles per 1,000 square feet of gross building area, OR

• A commercial or industrial site subject to petroleum storage or transfer in excess of 1,500 gallons
per year, not including delivered heating oil, OR

• A commercial or industrial site subject to use, storage, or maintenance of a fleet of 25 or more diesel

vehicles that are over 10 tons net weight (e.g., trucks, buses, trains, heavy equipment, etc.), OR

• A road intersection with a measured ADT count of 25,000 vehicles or more on the main roadway
and 15,000 vehicles or more On any intersecting roadway, excluding projects proposing primarily
pedestrian or bicycle use improvements.

IF the proposed project meets the characteristics of TDR ProjectCategory #3, THEN the applicant
must demonstrate that the proposed project complies with the following requirements:

• Core Requirement #5: Erosion and Sediment Control, Section 1.2.5 (p. 1-43)

• Core Requirement #6: Maintenance and Operations, Section 1.2.6 (p. 1-46)

• Core Requirement #7: Financial Guarantees and Liability, Section 1.2.7 (p. 1-47)

• Special Requirement #4: Source Control, Section 1.3.4 (p. 1-61)

• Special Requirement #5: Oil Control, Section 1.3.5 (p. 1-62).

Note: In some cases, DDES may determine that application of these requirements does not require
submittal of engineering plans and calculations stamped by a licensed civil engineer. For example, if
catch basin inserts are proposed to meet oil control requirements, engineered plans and calculations
may not be necessary. A plot plan showing catch basin locations may suffice.

L ....
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1.1.2 DRAINAGEREVIEWTYPESAND REQUIREMENTS

1.1.2.3 FULL DRAINAGE REVIEW

Full Drainage Review is the evaluation by DDES permit review staff of a proposed project's compliance
with the full range of core and special requirements in this chapter. This review addresses the impacts
associated with adding new impervious surface and changing land cover on typical sites.

Threshold

Full Drainage Review is required for any proposed projects, including redevelopment projects, that are
subject to drainage review as determined in Section 1.1.1 (p. 1-6), AND which meet one or more of the
following criteria:

* Projects which add 5,000 square feet or more of new impervious surface TMbut which do not qualify for
Small Site Drainage Review as specified in Section 1.1.2.1 (p. 1-9), OR

* Projects located within a Landslide Hazard Drainage Area TMwhich add 2,000 square feet or more of
new impervious surface but which do not qualify for Small Site Drainage Review per Section 1.1.2.1,
OR

• Redevelopment projects proposing $500,000 or more of site improvements which create 5,000 square
feet or more of contiguous pollution-generating impervious surface TMthrough any combination of new
and/or replaced impervious surfac& r

Scope of Requirements

I IF Full Drainage Review is required, THEN the applicant must demonstrate that the proposed project

complies with the following requirements:

• All eight core requirements in Section 1.2

_ • All five special requirements in Section 1.3

Engineering plans and calculations stamped by a licensed civil engineer registered in the state of

Washington must be submitted to demonstrate compliance with these requirements. The procedures and
requirements for submittal of engineering plans and calculations can be found in Section 2.3.

1.1.2.4 LARGE SITE DRAINAGE REVIEW

Large Site Drainage Review is applied to development proposals that are large and/or involve resources or
problems of special sensitivity or complexity. Because of the large size and complexities involved, there is

usually a greater risk of significant impact or irreparable damage to sensitive resources. Such proposals
often require a more definitive approach to drainage requirements than that prescribed by the core and
special requirements in Sections 1.2 and 1.3; it may be appropriate to collect additional information about

site resources, use more sophisticated models, and prepare special studies not specified in this manual.

Large Site Drainage Review entails preparation of a master drainage plan (MDP) or limited scope MDP
which is reviewed and approved by DDES.

14Thethresholdof5,000squarefeetormoreofnewimpervioussurfaceshallbeappliedbythresholddischargeareaandshall
includeall impervioussurfacethatwillultimatelyresultfromtheproposedproject(e.g.,impervioussurfacethatwillresultfrom
futurehomeswithina platorshortplat).

is LandslideHazardDrainageAreasaredelineatedona mapadoptedwiththismanual(seemappocketinsideofbackcover).
is Pollution-generatingimpervioussurface(PGIS)ispartiallydefinedonpage1-4andfullydefinedonpage1-50. Contiguous

pollution-generatingimpervioussurface(PGIS)meansadiscretepatchofPGISthatisalltogetheras opposedtobeingseparated
indifferentlocationsontheprojectsite.Theintentistoidentifythoseredevelopmentprojectsthatarereplacingand/oradding
enoughimpervioussurfaceinonelocationtoallowforopportuneinstallalJonofawaterqualitytreatmentfacility.

17Replacedimpervioussurfaceisdefinedonpage1-4.
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SECTION1.1 DKAINAGEKEVI_"W

Threshold

Large Site Drainage Review is required for any proposed project that is subject to drainage review as --
determined in Section 1.1.1 (p. 1-6), AND that meets any one of the following criteria:

• The project is designated for an Urban Planned Development (UPD) on the King County
Comprehensive Plan Land Use Map, OR

• The project would, at full buildout, result in 50 acres or more of new impervious surface within a single
subhasin or multiple subbasins that ate hydraulically connected TMacross subbasin boundaries, OR

• The project is on a site of 50 acres or more (including open space, sensitive areas, and growth reserve)
within the recharge area of a sole-source aquifer as designated by the EPA and depicted as such on the
Areas Highly Susceptible to Groundwater Contamination Map adopted as part of the King County
Comprehensive Plan.

Scope of Requirements

IF Large Site Drainage Review is required, THEN the applicant must do the following:

1. Prepare a master drainage plan (MDP), limited scope MDP, or special study in accordance with the
process and requirements described in the MDP guidelines, Master Drainage Planning for Large or
Complex Site Developments, available from DNR or DDES. The MDP or special study shall be
completed, or a schedule for completion identified and agreed to by DDES, prior to permit approval.
Note: Generally, it is most efficient for the MDP process to parallel the State Environmental Policy
Act (SEPA) process.

2. Demonstrate that the proposed project complies with all the core and special requirements in Sections
1.2 and 1.3, with some potential modifications as follows:

• Core Requirement #2, Offsite Analysis, is typically modified during MDP scoping.

• Core Requirement #3, Flow Control, may be modified to require more sophisticated hydrologic
modeling.

• Core Requirement #5, ESC, may be modified to require enhanced construction monitoring.

• Core Requirement #7, Financial Guarantees and Liability, may be modified to implement a
monitoring fund.

• Core Requirement #8, Water Quality, may be modified to require the water quality Resource
Stream Protection menu in areas where additional fisheries protection is needed and experimental
facilities may be pursued without additional adjustments.

• Special pre- and post-development monitoring may also be required if deemed necessary by
DDES to adequately characterize sensitive site and downstream resources, and to ensure that

onsite drainage controls and mitigation measures are effective in protecting sensitive or critical
resources. Detailed guidelines for monitoring are appended to the IVIDP guidelines referenced
above.

is Hydraulicallyconnectedmeansconnectedthroughsurfacefloworwaterfeaturessuchaswetlandsorlakes.
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1.1.3 DRAINAGEREVIEWREQUIREDBY OTHERAGENCIES

1.1.3 DRAINAGE REVIEW REQUIRED BY OTHER AGENCIES
Drainage review for a proposed project's impact on surface and storm waters may be addressed by

processes or requirements apart from King County's. Agencies such as those listed below may require
some form of drainage review and impose drainage requirements that are separate from and in addition to

King County's drainage requirements. The applicant is responsible for coordinating with these agencies
and resolving any conflicts in drainage requirements. Note: King County is required to advise the
Muckleshoot Indian Tribe of development proposals affecting certain sensitive areas or water bodies
bearing anadromous fish.

Agency Permit/Approval

Seattle/KingCountyDepartmentof PublicHealth OnsiteSewage Disposaland Well permits

WashingtonState

Department of Transportation Developer/LocalAgency Agreement

Department of Fish and Wildlife HydraulicProjectApproval

Departmentof Ecology Short Term Water Quality ModificationApproval
Dam Safety permit
NPDES Stormwaterpermit

Departmentof NaturalResources Forest PracticesClass IV permit

UnitedStates ArmyCorps of Engineers Sections 10, 401, and 404 permits

1.1.4 DRAINAGE DESIGN BEYOND MINIMUM COMPLIANCE

This manual presents King County's minimum standards for engineering and design of drainage facilities.

While the County believes these standards are appropriate for a wide range of development proposals,
compliance solely with these requirements does not relieve the professional engineer submitting designs of
his or her responsibility to ensure drainage facilities are engineered to provide adequate protection for
natural resources and public and private property.

Compliance with the standards in this manual does not necessarily mitigate all probable and significant
environmental impacts to aquatic biota. Fishery resources and other living components of aquatic systems
are affected by a complex set of factors. While employing a specific flow control standard may prevent
stream channel erosion or instability, other factors affecting fish and other biotic resources (such as
increases in stream flow velocities) are not directly addressed by this manual. Likewise, some wetlands,

including bogs, are adapted to a very constant hydrological regime. Even the most stringent flow control
standard employed by this manual does not prevent increases in runoff volume which can adversely affect
wetland plant communities by increasing the duration and magnitude of water level fluctuations. Thus,
compliance with this manual should not be construed as mitigating all probable and significant stormwater
impacts to aquatic biota in streams and wetlands, and additional mitigation may be required.

In addition, the requirements in this manual primarily target the types of impacts associated with the most

typical land development projects occurring in the lowland areas of the County. Applying these
requirements to vastly different types of projects, such as rock quarries or dairy farms, or in different

climatic situations, such as for ski areas, may result in poorer mitigation of impacts. Therefore, different
mitigation may be required.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

1.2 CORE REQUIREMENTS

This section details the following eight core requirements:

• Core Reqmrement #h Discharge at the Natural Location, Section 1.2.1 (p. 1-17)

• Core Reqmrement #2: Offsite Analysis, Section 1.2.2 (p. 1-19)

• Core Reqmrement #3: Flow Control, Section 1.2.3 (p. 1-25)

• Core Requirement #4: Conveyance System, Section 1.2.4 (p. 1-38)

• Core Requirement #5: Temporary Erosion and Sediment Control, Section 1.2.5 (p. 1-43)

• Core Reqmrement #6: Maintenance and Operations, Section 1.2.6 (p. 1-46)

• Core Requirement #7: Financial Guarantees and Liability, Section 1.2.7 (p. 1-47)

• Core Requirement #8: Water Quality, Section 1.2.8 (p. 1-49).

1.2.1 CORE REQUIREMENT #1:
DISCHARGE AT THF NATURAL LOCATION

All surface and storm water runoff from a project must be discharged at the natural location so as not to be

diverted onto or away from downstream properties. The manner in which runoff is discharged from the

project site must not create a significant adverse impact to downhill properties or drainage systems (see
"Discharge Requirements" below).

Intent: To prevent adverse impacts to downstream properties caused by diversion of flow from one flowpath
to another, and to discharge in a manner that does not significantly impact downhill properties or drainage
systems. Diversions can cause greater impacts (due to greater runoff volumes) than would otherwise occur

from new development discharging runoff at the natural location. Diversions can also impact properties that

rely on runoff water to replenish wells and ornamental or fish ponds. Projects that do not discharge at the
natural location will require an approved adjustment of this requirement (see Section 1.4).

O DISCHARGE REQUIREMENTS

Proposed projects must comply with the following discharge requirements (1, 2, and 3) as applicable:

1. Where no conveyance system exists at the abutting downstream property line and the natural (existing)
discharge is unconcentrated, any runoff concentrated by the proposed project must be discharged as
follows:

a) IF the 100-year peak discharge TMis less than or equal to 0.2 cfs under existing conditions and will
remain less than or equal to 0.2 cfs under developed conditions, THEN the concentrated runoff

may be discharged onto a rock pad or to any other system that serves to disperse flows.

b) IF the 100-year peak discharge is less than or equal to 0.5 cfs under existing conditions and will
remain less than or equal to 0.5 cfs under developed conditions, THEN the concentrated runoff

may be discharged through a dispersal trench or other dispersal system provided the applicant can
demonstrate that there will be no significant adverse impact to downhill properties or drainage
systems.

c) IF the 100-year peak discharge is greater than 0.5 cfs for either existing or developed conditions,

or if a significant adverse impact to downhill properties or drainage systems is likely, THEN a

19PeakdischargesforapplyingthisrequirementaredeterminedusingKCRTSasdetailedinChapter3.
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SECTION1.2 CORE REQUIREMENTS

conveyance system must be provided to convey the concentrated runoff across the downstream

properties to an acceptable discharge point. 2° Drainage easements for this conveyance system
must be secured from downstream property owners and recorded prior to engineering plan

approval. =

2. IF a proposed project or any natural discharge area within a project is located within a Landslide
Hazard Drainage Area 21and, in fact, ultimately drains over the erodible soils of a SAO-defined
landslide hazard area with slopes steeper than 15%, THEN a tightline system must be provided

through the landslide hazard area to an acceptable discharge point unless one of the following
exceptions applies. The tightline system must comply with the design requirements in Core
Requirement #4 and in Section 4.2.2 unless otherwise approved by DDES. Drainage easements for
this system must be secured from downstremn property owners and recorded prior to engineering plan
approval.

Exceptions: A tighdine is not required for any natural discharge location where one of the following
conditionscan bemet:

a) Less than 2,000 square feet of new impervious surface will be added within the natural
dischargearea,OR

b) Allrunofffromthenaturaldischargeareawillbeinfiltratedforrunoffeventsuptoand
includingthe100-yearevent,OR

c) The developedconditionsrunoffvolume_ fromthenaturaldischargeareaislessthan50% of

theexistingconditionsrunoffvolumefromotherareasdrainingtothelocationwhererunofffrom

thenaturaldischargeareaentersthelandslidehazardareaontoslopessteeperthan15%, AND the
provisionsofDischargeRequirement1aremet,OR

d) DDES determines that a tightline system is not physically feasible or will create a significant
adverse impact based on a soils report by a geotechnical engineer.

3. For projects adjacent to or containing SAO-defined landslide, steep slope, or erosion hazard areas, the
applicant must demonstrate that onsite drainage facilities and/or flow control BMPs will not create a .....
significant adverse impact to downhill properties or drainage systems.

20Acceptabledischargepointmeansanencloseddrainagesystem(i.e.,pipesystem,culvert,ortightline)or opendrainage
feature(e.g.,ditch,channel,swale,stream,river,pond,lake,orwetland)whereconcentratedrunoffcanbedischargedwithout
creatingasignificantadverseimpact.

21LandslideHazardDrainageAreasareareasmappedbytheCountywhereithasbeendeterminedthatoverlandflowsfrom
newprojectswillposea significantthreatto healthandsafetybecauseoftheircloseproximitytoSAO-definedlandslide
hazardareasthatareonslopessteeperthan15%(seetheDefininitionsSectionforamoredetaileddefinitionofSAO
landslidehazardareas).SuchareasaredelineatedontheLandslideHazardDrainageAreasmapadoptedwiththismanual
(seemappocketoninsideofbackcover).

22Forthe purposesofapplyingthisexception,thedevelopedcondiffonsrunoffvolumeistheaverageannualrunoffvolumeas
computedwithKCRTSperChapter3. Anyareas'iLssumednottobeclearedwhencomputingthedevelopedconditionsrunoff
volumemustbesetasideinanopenspacetractorcovenantinorderfortheproposedprojecttoqualifyforthisexception.
PreservationofexistingforestedareasinLandslideHazardDrainageAreasisencouraged.
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1.2.2 COREREQUIREMENT#2:OFFSITEANALYSIS

1.2.2 CORE REQUIREMENT #2: OFFSITE ANALYSIS

All proposed projects must submit an offsite analysis report that assesses potential offsite drainage impacts

associated with development of the project site and proposes appropriate mitigations of those impacts.
The initial permit submittal shall include, at minimum, a Level I downstream analysis as described in
Section 1.2.2.1 below.

Intent: To identify and evaluate offsite drainage problems that maybe created or aggravated by the
proposed project, and to determine appropriate measures for preventing aggravation of those problems in
accordancewith the requirements of this manual.

The primary component of an offsite analysis report is the downstream analysis, which examines the
drainage system within one-quarter mile downstream of the project site or farther as described in Section
1.2.2.1 below. It is intended m identify existing or potential/predictable downstream problems so that
appropriate mitigation, as specified in Section 1.2.2.2 (p. 1-22), can be provided to prevent aggravation of
these problems. A secondary component of the offsite analysis report is an evaluation of the upstream
drainage system to verify and document that impacts will not occur as a result of the proposed project.
The evaluation must extend upstream to a point where any backwater effects created by the project cease.

Q EXEMPTION FROM CORE REQUIREMENT #'2

A proposed project is exempt from Core Requirement#2 if any one of the following is true:

1. DDES determines there is sufficient information for them to conclude that the project will not have a
significant adverse impact on the downstream and/or upstream drainage system, OR

2. The project adds less than 5,000 square feet of new impervious surface, AND does not construct or
modify a drainage pipe/ditch that is 12 inches or more in size/depth or that receives runoff from a
drainage pipe/ditch that is 12 inches or more in size/depth, AND does not contain or lie adjacent to a
SAO-defined landslide, steep slope, or erosion hazard area, OR

3. The project does not change the rate, volume, duration, or location of discharges to and from the
project site (e.g., where existing impervious surface is replaced with other impervious surface having
similar runoff-generating characteristics, or where pipe/ditch modifications do not change existing
discharge characteristics).

1.2.2.1 DOWNSTREAMANALYSIS

The downstreamanalysis mustconsider the existing conveyance system(s) fora minimum flowpath
distance downstream of one-quarter mile and beyond that as needed to reach a point where the project site
area constitutes less than 15% of the tributary area. This minimum distance may be increased as follows:

• Task 2 of a Level 1 downstream analysis (described in detail in Section 2.3.1.1) is a review of all
available information on the downstream area and is intended to identify existing drainage problems.
In all cases, this information review shall extend one mile downstream of the project site. The
existence of flooding, erosion, or nuisance problems may extend the one-quarter-mile minimum
distance for other tasks to allow evaluation of impacts from the proposed development to the
identified problems.

• If a project's impacts to flooding, erosion, or nuisance problems are mitigated by improvements to the
downstream conveyance system, the downstream analysis will extend a minimum of one-quarter mile
beyond the improvement. This is necessary because many such improvements result in a reduction of
stormwater storage or an increase in peak flows from the problem site.

• At their discretion, DDES may extend the downstream analysis beyond the minimum distance
specified above on the reasonable expectation of impacts.
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SECTION1.2 COREREQUIREMENTS

The Level I downstream analysis is a qualitative survey of each downstream system and is the first step
in identifying flooding, erosion, or nuisance problems as defined below under "Downstream Problems

Requiring Special Attention." Each Level 1 analysis is composed of four tasks at a minimum:

• Task 1: Define and map the study area

• Task 2: Review all available information on the study area

• Task 3: Field inspect the study area

• Task 4: Describe the drainage system, and its existing and predicmd problems.

Upon review of the Level 1 analysis, DDES may require a Level 2 or 3 downstream analysis, depending
on the presence of existing or predicmd flooding, erosion, or nuisance problems identified in the Level 1
analysis.

Levels 2 and 3 downstream analysis quantify downstream problems by providing information on the

severity and f-mquency of an existing problem or the likelihood of creating a new problem. A Level 2
analysis is a rough quantitative analysis (non-survey field data, uniform flow analysis). Level 3 is a more
precise analysis (survey field data, backwater analysis) of significant problems. If conditions warrant,
additional, morn detailed analysis may be required beyond Level 3.

A detailed description of offsite analysis scope and submittal requirements is provided in Section 2.3.1.1.
Hydrologic analysis methods and requirements for Levels 2 and 3 downstream analysis are contained in
Chapter 3; hydraulic analysis methods arc contained in Chapmr 4.

Q DOWNSTREAM PROBLEMS REQUIRINGSPECIALA'I'I'ENTION

While the basic flow control standards in Core Requirement #3 serve to minimize the creation and

aggravation of many types of downstream drainage problems, there are some types that are more sensitive
to aggravation than others depending on the nature or severity of the problem and which basic flow control
standard is being applied. In particular, there are three types of downstream problems where the County

has determined that the nature and/or severity of the problem warrants additional attention through the
downstream analysis and possibly additional mitigation to ensure no aggravation:

1. Conveyance system nuisance problems

2. Severe erosion problems

3. Severe flooding problems.

Conveyance system nuisance problems are minor but chronic flooding or erosion problems that result from
the overflow of a constructed conveyance system that is substandard or has become too small due to
upstream development. Such problems warrant additional attention because of their chronic nature and

because they result from the failure of a conveyance system to provide a minimum acceptable level of
protection (see definition below). Severe flooding and erosion problems as defined below also wan'ant

additional attention because they either pose a significant threat to health and safety or can cause significant
damage to public or private property.

ConveyanceSystemNuisanceProblems(Type 1)

Nuisance problems in general are defined as any existing or predicted flooding or erosion which does not
constitute a severe flooding or erosion problem as defined below. Conveyance system nuisance problems

are defined as any nuisance flooding or erosion that results from the overflow of a constructed conveyance
system for runoff events less than or equal to a 10-year event. Examples include inundation of a shoulder

or lane of a roadway, overflows collecting in yards or pastures, shallow flows across driveways, minor
flooding of crawl spaces or unheated garages/outbuildings, and minor erosion.

If a conveyance system nuisance problem is identified or predicted downstream, the need for additional

mitigation must be evaluated as specified in Section 1.2.2.2 under "Problem-Specific Mitigation
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1.2.2 COREREQUIREMENT#2: OFF$ITEANALYSIS

Requirements"(p. 1-23). This may entail additional onsite flow control or other measures as needed to

prevent creation or significant aggravation of the problem.

For any other nuisance problem which may be identified downstream, this manual does not require

mitigation beyond the basic flow control standard applied in Core Requirement #3. This is because to
prevent aggravation of such problems (e.g., those caused by the elevated water surfaces of ponds, lakes,
wetlands, and closed depressions or those involving downstream erosion) can require two to three times as
much onsite detention volume, which is considered unwarranted for addressing nuisance problems.
However, if under some unusual circumstance, the aggravation of such a nuisance problem is determined

by DDES to be a significant adverse impact, additional mitigation may be required.

Severe Erosion Problems (Type 2)

severeSevere erosion problems are defined as downstream channels, ravines, or slopes with evidence of or
potential for erosion/incision sufficient to pose a sedimentation hazard to downstream conveyance systems
or pose a landslide hazard by undercutting adjacent slopes. Severe erosion problems do not include
roadway shoulder filling or minor ditch erosion.

If a severe erosion problem is identified or predicted downstream, additional mitigation must be

considered as specified in Section 1.2.2.2 under "Problem-Specific Mitigation Requirements" (p. 1-23).
This may entail additional onsite flow control or other measures as needed to prevent creation or
aggravation of the problem.

Severe Rooding Problems (Type 3)

severeSevere flooding problems can be caused by conveyance system overflows or the elevated water
surfaces of ponds, lakes, wetlands, or closed depressions. Severe flooding problems are defined as
follows:

• Flooding of the finished area 2a of a habitable building, 2' or the electrical/heating system of a habitable
building for runoff events less than or equal to a 100-year event. Examples include flooding of
finished floors of homes and commercial or industrial buildings, or flooding of electrical/heating
system components in the crawl space or garage of a home. Such problems are referred to in this
manual as "severe building flooding problems."

• Flooding over all lanes of a roadway 25or severely impacting a sole access driveway 2_for runoff
events less than or equal to the 100-year event. Such problems are referred to in this manual as
"severe roadway flooding problems."

If a severe flooding problem is identified or predicted downstream, the need for additional mitigation must
be evaluated as specified in Section 1.2.2.2 under "Problem-Specific Mitigation Requirements" (p. 1-23).

This may entail consideration of additional onsite flow control or other measures as needed to prevent
creation or significant aggravation of the problem.

23Finishedarea,forthepurposesofthisdefinition,meansanyenclosedareaofabuildingthatisdesignedtobeservedbythe
building'spermanentheatingorcoolingsystem.

24Habitablebuildingmeansanyresidential,commercial,orindustrialbuildingthatisequippedwithapermanentheatingor
coolingsystemandanelectricalsystem.

25Roadway,forthe purposesofthisdefinition,meansthetraveledportionofanypublicorprivateroadorstreetclassifiedas
suchinthe KingCountyRoadStandards.

2sSoleaccessdtivewaymeansthereisnootherunobstructed,flood-freerouteforemergencyaccesstoa habitablebuilding.
Severelyimpactingmeansthefloodingovertopsaculvertedsectionofthedriveway,posingathreatofwashoutorunsafe
accessconditionsduetoindiscernibledrivewayedges,orthefloodingisdeeperthan6inchesonthedriveway,posinga
severeimpedimenttoemergencyaccess.
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SECTION1.2 COREREQUIREMENTS

1.2.2.2 IMPACT MITIGATION

A proposed project must not significantly aggravate existing downstream problems or create new

problems as a result of developing the site. This manual does not require development proposals to fix
or otherwise reduce the severity of existing downstream drainage problems, although doing so may be an
acceptable mitigation.

E! PRINCIPLESOFIMPACTMmGATION

Aggravation of an existing downstream problem means increasing the frequency of occurrence
and/or severity of the problem. Increasing peak flows ,atthe site of a problem caused by conveyance
system overflows can increase the frequency of the problem's occurrence. Increasing durations of flows at
or above the overflow return frequency can increase the severity of the problem by increasing the depth
and duration of flooding. Controlling peaks and durations through onsite detention can prevent

aggravation of such problems by releasing the increased volumes due to development only at return
frequencies below the conveyance overflow return frequency, with the net result of causing the
conveyance system to flow full for a longer period of time.

When a problem is caused by high water-surface elevations of a volume-sensitive water body, such as a

lake, wetland, or closed depression, aggravation means the same as for problems caused by conveyance
overflows. Increasing the volume of flows to a volume-sensitive water body can increase the frequency of
the problem's occurrence. Increasing the duration of flows for a range of return frequencies both above
and below the problem return frequency can increase the severity of the problem; mitigating these impacts
requires control of flow durations for a range of return frequencies both above and below the problem
return frequency. The net effect of this duration control is to release the increased volumes due to

development only at water surface elevations below that causing the problem, which in turn can cause an
increase in these lower, but more frequently occurring, water surface elevations. This underscores an
unavoidable impact of development upstream of volume-sensitive water bodies: the increased volumes

generated by the development will cause some range of increase in water surface elevations, no matter
what detention standard is applied.

Creating a new problem means increasing peak flows and/or volumes such that after development,
the frequency of conveyance overflows or water surface elevations exceedsthe thresholds for the
various problem types discussedin Section 1.2.2.1. For example, application of the Level 1 flow control
standardrequires matchingpredevelopedand developed2- and lO-year peak flows. The 100-year peak
flow is only partially attenuated, and the flow increase may be enough to cause a "severe flooding problem"
as described on page 1-21. The potential for causing a new problem is often identified during the Level 1

downstream analysis, where the observation of a reduction in downstream pipe sizes, for example, may be
enough to predict creation of a new problem. A Level 2 or 3 analysis will typically be required to verify the
capacity of the system and determine whether 100-year flows can be safely conveyed.

El SIGNIRCANCE OF IMPACTS TO EXISTING PROBLEMS

The determination of whether additional onsite mitigation or other measures are needed to address an

existing downstream problem depends on the significance of the proposed project's predicted impact on

that problem. For some identified problems, DDES will make the determination as to whether the project's
impact is significant enough to require additional mitigation. For the downstream problems defined on
pages 1-21 and 1-21, this threshold of significant impact or aggravation is defined below.

For conveyance system nuisance problems, the problem is considered significantly aggravated if there is
any preventable increase zr in the frequency of occurrence and/or severity of the problem for runoff events
less than or equal to the 10-year event.

27PreventableincreasemeanstheimpactcanbemitigatedwithadditionalonsiteflowcontrolasspecifiedinCore
Requirement#3andfurtherdetailedinChapter3.
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For severe erosion problems, the problem is considered significantly aggravated if there is any
preventable increase in theflow duration_ of discharge rates ranging from 50% of the 2-year peak flow up
to the full 50-year peak flow to the eroded area.

For severe building flooding problems, the problem is considered significantly aggravated if there is any
preventable increase in the frequency, depth, and/or duration of the problem for runoff events less than or
equal to the 100-year event.

For severe roadway flooding problems, the problem is considered significantly aggravated if any of the
following thresholds are exceeded and there is a preventable increase in the frequency, depth, and/or
duration of the problem for runoff events less than or equal to the 100-year event:

• The existing flooding a_over all lanes of a roadway or overtopping the culverted section of a "sole
access driveway" is predicted to increase in depth more than a quarter-inch or 10% (whichever is
greater) for the 100-year runoff event.

• The "existing flooding" over all lanes of a roadway or "severely impacting a sole access driveway" is
more than 6 inches deep or faster than 5 feet per second for runoff events less than or equal to the 100-
year event.

• The "existing flooding" over all lanes of a sole access roadway= is more than 3 inches deep or faster
than 5 feet per second for runoff events less than or equal to the 100-year event, or is at any depth for
runoff events less than or equal to the 10-year event.

I'-I PROBLEM-SPECIFIC MITIGATION REQUIREMENTS

1. IF a proposed project or threshold discharge area within a project drains to one or more of the three
types of downstream drainage problems defined in Section 1.2.2.1 (pages 1-21 and 1-21) as identified
through a downstream analysis, THEN the applicant must do one of the following:

a) Submit a Level 2 or Level 3 downstream analysis per Section 2.3.1 demonstrating that the
proposed project will not create or significantly aggravate the identified downstream problem(s),
OR

b) Show that the proposed project (or discharge area) qualifies for an exemption from Core
Requirement #3: Flow Control, OR

c) Document that the basic area-specific flow control standard required in Core Requirement #3 is
adequate to prevent creation or significant aggravation of the identified downstream problem(s) as
indicated in Table 1.2.3.A (p. 1-26) with the phrase, "No additional flow control needed," OR

d) Provide additional onsite flow control necessary to prevent creation or significant aggravation of
the downstream problem(s) as specified in Table 1.2.3.A (p. 1-26) and further detailed in
Section 3.3.5, OR

e) Provide offsite improvements necessary to prevent creation or significant aggravation of the
identified downstream problem(s) as detailed in Chapter 3 unless identified as not necessary in
Table 1.2.3.A (p. 1-26), OR

f) Provide a combination of additional onsite flow control and offsite improvements sufficient to
prevent creation or significant aggravation of the downstream problem(s) as demonstrated by a
Level 2 or Level 3 downstream analysis.

2sFlowdurationmeanstheaggregatetimethatpeakflowsareatoraboveaparticularflowrateof interest(e.g.,theamountof
timeoverthelast40yearsthatpeakflowswereatorabovethe2-yearflowrate).

29Exislingflooding,forthepurposesofthisdefinition,meansfloodingoveralllanesoftheroadwayordrivewayhasoccurredin
thepastandcanbeverifiedbyCountyrecords,Countypersonnel,photographs,orotherphysicalevidence.

3oSoleaccessroadwaymeansthereisnootherflood-freerouteforemergencyaccesstooneormoredwellingunits.
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2. IF it is identified that the manner of discharge from a proposed project may create a significant
adverse impact as described in Core Requirement #1, THEN DDES may require the applicant to
implement additional measures or demonstrate the impact will not occur. •

Intent: To ensure provisions are made (if necessary) to prevent creation or significant aggravation of the

three types of downstream problems requiring special attention by this manual, and to ensure compliance
with the discharge requirements of Core Requirement #1.

In addressing downstream problems per Problem-Specific Mitigation Requirement 1 above, the easiest of
the provisions to implement will often be that of additional onsite flow control. This involves designing

the required onsite flow control facility to meet an additional set of performance criteria targeted to
prevent significant aggravation of specific downstream problems. To save time and analysis, a set of
predetermined flow control performance criteria corresponding to each of the three types of downstream
problems is provided in Table 1.2.3.A (p. 1-26) and described in more detail in Chapter 3.

Note that in some cases the basic area-specific flow control standard applicable to the proposed project per
Section 1.2.3.1 (p. 1-3 I) is already sufficient to prevent significant aggravation of many of the defined
downstream problem types. Such situations are noted in Table 1.2.3.A (p. 1-26)as not needing additional

onsite flow control or offsite improvements. For example, if the Level 2 flow control standard is required
by Section 1.2.3.1 (p. 1-32), and a "severe erosion problem" is identified through offsite analysis per Core
Requirement #2, no additional onsite flow control is needed, and no offsite improvements are necessary.
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1.2.3CORE REQUIREMENT#3:FLOW CONTROL

1.2.3 CORE REQUIREMENT #3: FLOW CONTROL
m

All proposedprojects, includingredevelopmentprojects, must provideonsite flow control facilities to
mitigate the impactsof increasedstorm andsurfacewater runoff generatedby the additionof new
impervious surfaceandany relatedlandcover conversion. These facilities shall, at a minimum, meet theQ

, performance criteria for one of the area-specific flow control standardsdescribed in Section 1.2.3.1T

(p. 1-31) andbe implemented accordingto the applicableflow control implementation requirementsin
_ Section 1.2.3.2 (p. 1-35).

Intent: To ensurethe minimum level of controlneeded to protect downstream propertiesand resources
from increases in peak, duration,and volume of runoffgenerated by new development. The level of control
varies depending on location anddownstreamconditions identifiedunder CoreRequirement#2.

Guide to Applying Core Requirement #3

Core Requirement #3 requiresthat onsite detention and/orinfiltration facilities be constructed to control

runoff discharges from the projectsite. These facilities must meet a minimum flow control performance
standardas set forth in Section 1.2.3.1, "Area-SpecificHow ControlStandards"(page 1-31), and may
need to be even largerto ensurethat downstream problemsarenot createdor significantly aggravated as
set forth in Section 1.2.2.2, "Problem-SpecificMitigation Requirements" (p. 1-23). Table 1.2.3.A
(p. 1-26) provides a quickguide for selecting the flow control performancecriteria necessary to meet
bothof these re.quiremems,

Area-specific flow control standards targetthe level of flow control performanceto the protection
needs of specific regionsor areasof the county. Theseareas arecalledflow control areas, and there are

three such areasdepicted on the Flow ControlApplicationsMap adoptedwith this manual (see map
pocket on inside of backcover). Each flow control areahas a basic flow control standardthat is specific
to that area. The performancecriteriaof that basic standardmay need to be increased to addressa
specific downstreamdrainageproblem as explained in Step4 below.

Flow control implementation requirements arethe minimumrequirementsfor analyzing,designing,
and maintaining flow controlfacilities.

For efficient applicationof CoreRequirement #3, the following steps axerecommended:

1. Use the Flow ControlApplicationsMap to determinethe flow control area in which yourproject is
located, If this determination can not be made from the map, a more detailed delineation of flow
control areas is available on King County's Geographic Information System (GIS).

2. Check the list of exemptions beginning on page 1-27 to determine if and/or which portions of your
project must provideflow control facilities per Core Requirement #3,

3. If flow control facilities are required, determine (for the flow control area identified above) which
area-specific flow control standard applies to your project by consulting the detailed threshold
information in Section 1.2.3,1. The applicable flow control standard will determine the minimum
flow control performance required for your proposed project.

4. If downstream problems were identified through offsite analysis per Core Requirement #2 and are
proposed to be addressed through onsite flow control, use Table 1.2,3.A (p. 1-26) to determine if
and what additional flow control performance is necessary to mitigate impacts (i.e., to prevent
creation or aggravation of the identified problems),

5. Use Section 1,2.3.2 (p. 1,35) to determine the minimum requirements for implementing flow
controls.
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TABLE 1.2.3.A

SUMMARY OF FLOW CONTROL PERFORMANCE CRITERIA ACCEPTABLE FOR IMPACT MITIGATION _!

Downstream Problems AREA-SPECIFIC STANDARD
Identified through
Offsite Analysis per
Core Requirement #2 Level I Flow Control Level 2 Flow Control Level 3 Flow Control

No problemidentified. Match 2-yr & 10-yr peaks Match durationsfor 50% of Match durationsfor 50% of
Applybasicstandard 2-yr through50-yr peaks 2-yr though 50-yr peaks
performancecriteria. AND match 100-year peaks

Type 1 AdditionalFlow Control No additional flow control or No additional flow control or
Conveyance System Hold 10-yr peak to overflow7", other mi_'gation is needed other mitigation is needed
Nuisance Problem peak(2)(s)

Type 2 AdditionalFlow Control No additional flow control is No additional flow control is
Severe Erosion Apply Level2 flowcontrol(3)(4) needed, but other mitigation needed, but other mitigation
Problem may be requireo<4) may be requireo_4)

Type 3 AdditionalRow Control AdditionalFlowControl AdditionalFlow Control
Severe Flooding ApplyLevel 3 flowcontrol Apply Level3 flowcontrol. If floodingis from a closed
Problem If floodingis from conveyance If floodingis froma closed depression, make design

systemoverflow,Level3 may depression,make design adjustmentsas needed to
be modifiedto match durations adjustmentsas needed to meet the "specialprovision
above the overflow7', peak meet the "specialprovision forclosed depressions"(3)(s)
ratherthan 50% ofthe 2-yr forclosed depressions"(3)(s)
peak. If floodingis froma
closed depression,make
designadjustmentsas needed
to meet the "specialprovision
forclosed depressions"(s)(s)

Notes:

(1) More than one set of problem-specificperformancecriteriamay applyif two or more downstreamproblems are
identifiedthroughoffsiteanalysis per Core Requirement#2. If this happens,the performancegoals of each
applicableproblem-specificcriteriamust be met. This can requireextensive,time-consuminganalysisto
implementmultiplesets of outflowperformancecriteriaif additionalonsiteflow controlis the only viable option for
mitigatingimpactsto these problems. In these cases, it may be easier and moreprudentto implementthe Level
3 flow control standard in placeof the otherwiserequiredarea-specificstandard. Use ofthe Level 3 flow
control standardsatisfiesthe specified performancecriteriafor all the area-specificand problem-specific
requirementsexcept if adjustments are requiredperthe special provisionfor closeddepressionsdescribed
below in Note 5.

(2) Overflow7",is the return periodof conveyancesystemoverflow. To determine 7",requiresa minimumLevel 2
downstreamanalysis as detailed in Section2.3.1.1. To avoidthis analysis,a 7",of 2 years may be assumed.

(3) Offsiteimprovements may be implementedin lieu of or in combinationwith additional flowcontrolas allowed in
Section 1.2.2.2 (p. 1-22) and detailed in Section 3.3.5.

(4) A tightlinesystem may be requiredregardlessof the flow controlstandardbeingapplied if needed to meet the
dischargerequirements of Core Requirement#1 (p. 1-17) orthe outfallrequirementsof Core Requirement#4
(p. 1-41), or is deemed necessaryby DDES where the riskof severe damage is high.

(5) Special Provision for Closed Depressions with a Severe Flooding Problem:
IF the proposedprojectdischargesby overlandflow or conveyancesystemto a closeddepressionexperiencing
a "severe floodingproblem" AND the amount of impervioussurfacearea proposedby the project is greater than
or equal to 10% of the 100-year water surface area of the closeddepression,THEN usethe "point of compliance
analysistechnique" described inSection 3.3.6 to verifythat water surfacelevelsare not increasingfor the return
frequenciesat which floodingoccurs, upto and includingthe 100-year frequency. If necessary, iterativelyadjust
onsiteflowcontrol performance to prevent increases. Note: The "point of compliance analysis" relies on certain
field measurements taken directly at the closed depression (e.g., soils tests, topography, etc.). If permission to
enter private property for such measurements is denied, DDES may waive this provision and apply the Level 3
flow control standard with a mandatory 20% safety factor on the storage volume.
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Q EXEMPTIONS FROM CORE REQUIREMENT #3

There are eight possible exemptions from the requirementto provide a formal flow control facility per
Core Requirement #3. The intent of these exemptions is to providefor situations where a facility may not
be practical or needed, where other alternatives to a facility can be just as effective, or where it makes
sense to provide incentives for retaining native vegetation or for maximizing use of existing developed
areas.

1. Impervious Surface Exemption

A proposed project or any threshold discharge area within a project is exempt if less than 5,000
square feet of new impervious surface will be added and the project or threshold discharge area is not
within a Landslide Hazard Drainage Area.3_If the project or threshold discharge area is located
within a Landslide Hazard Drainage Area, this exemption only applies to new impervious surface less
than 2,000 square feet.

2. Impervious Surface Exemption Using Row Control BMPs

Any threshold discharge area within aproposed project is exempt if less than 10,000 square feet of
new impervious surface will be added, AND all of the following criteria are met:

a) The area cleared to accommodate the proposed project must be less than 35% or less than 2 acres
of the threshold discharge area (whichever is greater), AND

b) If the project is a single family residential project, flow control BMPs must be applied within
the threshold discharge area as specified in Small Site Drainage Requirements (detached
Appendix C), AND

c) For projects other than single family residential projects, the new impervious surface within
the threshold discharge areamust be comprisedof eithernon-pollution-generatingroofs that
comply with the roof downspoutcontrolsin Section 5.1, ORroads, trails, or driveways that
comply with the ruralroadwaydispersionrequirementsin Section 5.2.1, AND

d) The manner in which runoff is discharged from the projectsite must not createa significant
adverse impactper CoreRequirement#1.

3. Peak Flow Exemption Using Row Control BMPs

Any thresholddischargearea within a proposedprojectisexemptif theprojectimprovementswithin
the threshold discharge area generate less than a 0.l cfs increase in the existing site conditions = 100-
year peak flow rate, AND all of the following criteria are met:

a) If the project is a redevelopment project, flow control BMPs must be applied as specified in
Section 5.2, and the project improvements must not significantly impact a "severe erosion
problem" or "severe flooding problem" (see page 1-21), and must not be located within a
Landslide Hazard Drainage Area, AND

b) If the project is a single family residential project, the runoff from impervious surfaces must be
infiltrated or dispersed using flow control BMPs specified in Appendix C, and any areas of native

3_Landslide Hazard DrainageAreas are delineatedon a map adoptedwiththismanual(seemap pocketon insideof back
cover).

Existing site conditions dependon what,if any, landconversionactivityhasoccurredon thesite sinceMay 1979 whenKing
Countyfirst requiredflowcontrolon developmentsaddingmorethan5,000squarefeetof new impervioussurface. IF a
drainageplanhas been approvedbytheCountysinceMay 1979for any landconversionactivitywhichincludesthe additionof
morethan5,000 squarefeetof newimpervioussurface,THEN existingsite conditionsare thosecreatedbythe site
improvementsand drainagefacilitiesconstructedpertheapprovedengineeringplans. OTHERWISE, existingsite conditions
are those that existedpriorto May 1979 as detenTi_nedfromaerialphotographsand, if necessary,on knowledgeof individuals
familiarwiththe area. The intentis to mitigateunaddrassedimpactscreatedbysitealterationsor improvements,suchas
clearing,whichhaveoccurredsinceMay 1979.
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vegetation assumed not to be cleared for the purposes of computing the increase in 100-year peak
flow must be preserved within a tract or by covenant as described in Appendix C, AND

c) For projects other than redevelopment projects and single family residential projects, the
new impervious surface within the threshold discharge area must be comprised of either non-
pollution-generating roofs that comply with the roof downspout controls in Section 5.1, OR roads,
trails, or driveways that comply with the rural roadway dispersion requirements in Section 5.2.1,
AND

d) The manner in which runoff is discharged from the project site must not create a significant
adverse impact per Core Requirement #1.

4. Peak Flow Exemption for Urban Rcdavelopmont Projects

Any natural discharge area of a redevelopment project located within the Urban Growth Area is
exempt if the project improvements within the natural discharge area generate less than a 0.1 cfs
increase in the existing site conditions 100-year peak flow, AND all of the following criteria are met:

a) The application of this exemption to natural discharge areas within a proposed project must not
result in more than a 0.4 cfs increase in the existing site conditions 100-year peak flow rate for any
threshold discharge area of the project, AND

b) Flow control BMPs must be applied to the runoff from new impervious surfaces as specified in
Section 5.2.1, AND

c) The project improvements within the natural discharge area must not be located within a
Landslide Hazard Drainage Area and must not significantly impact a "severe erosion problem"
or "severe flooding problem" (see page 1-21), AND

d) The manner in which runoff is discharged from the project site must not create a significant
adverse impact per Core Requirement #1.

5. Forested Open Space Exemption for Rural Residential Projects

Any natural discharge area within a proposed rural residential project (zoned RA-2.5, RA-5, RA-10,
orRA-20) is exempt if all of the following criteria are met:

a) At least 65% of the unsubraergedportion33 of the natural discharge area will be set aside as
forested open space as specified in Section 5.2.1, AND

b) The runoff from new impervious surfaces within the natural discharge areawill be dispersed over
native vegetation using the flow control BMPs detailed in Section 5.2.1, AND

c) The manner in which runoff is discharged from the project site will not create a significant
adverse impact per Core Requirement #1.

6. Direct Discharge Exemption

Any natural discharge area within a proposed project is exempt if it drains to one of the "major
receiving waters" listed in Table 1.2.3.B, AND meets all of the following criteria fordirect
discharge34to that receiving water:

a) The flowpath from the project site discharge point to the edge of the 100-year floodplain of the
major receiving water shall be no longer than a quarter mile, except for discharges to Lake
Sammamish, Lake Washington, and Puget Sound, AND

b) The conveyance system between the project site and the ordinary high water line of the major
receiving water shall be comprised of manmade conveyance elements (pipes, ditches, outfall

33Unsubmergedportionmeansanyportionoutsidetheordinaryhighwaterlineofstreams,lakes,andwetlands.
34Directdischargemeansundetaineddischargefroma proposedprojecttoa "majorreceivingwater."
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protection, etc.) and shall be within public right-of-way or a public or private drainage easement,
AND

c) The conveyance system shall have adequate capacity per Core Requirement #4, Conveyance

System, for the entire contributing drainage area, assuming build-out conditions to current

zoning for the "equivalent area" portion (defined in Figure 1.2.3.A, below) and existing
conditions for the remaining area, AND

d) The conveyance system will be adequately stabifized to prevent erosion, assuming the same
basin conditions as assumed in Criteria (c) above, AND

e) The direct discharge proposal will not divert flows from or increase flows to an existing wetland
or stream sufficient to cause a significant adverse impact.

TABLE 1.2.3.B MAJOR RECEIVING WATERS

• Cedar River • Tolt River

• Green/Duwamish River below River Mile 6 • Lake Meridian
(S. BoeingAccessRoad) and aboveSR 18

• Lake Sawyer
• Snoqualmie River (includesthe North,South,and

Middle Forks) . Lake Sammamish

• Sammamish River . Lake Washington

• White/Stuck River • PugetSound

• SkykomishRiver

Note: "Major Receiving Waters" do not include side channels, spring, or groundwater-fed streams, or
wetland habitats that provide salmonid spawning or rearing habitat that may be connected or adjacent
to major rivers.

FIGURE 1.2.3.A EQUIVALENT AREA DEFINITION AND ILLUSTRATION

Equivalent area: The area tributary to a direct discharge conveyance system that is contained within
an arc formed by the shortest,straightline distancefrom the conveyancesystemdischargepointto the
furthermostpointofthe proposedproject.
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7. Peak Flow Exemption for Urban Residential Infill Projects

Any single family residential project located within the Urban Growth Area is exempt if the total
project improvements (within a single threshold discharge area) will generate less than a 0.4 cfs
increase in the existing site conditions 100-year peak flow, AND all of the following criteria are met:

a) The surrounding area within 1/4 mile of the project site must be over 90% built-out _ to the
zoned density as of the year 1998, AND

b) The project must be within a Level 1 Flow Control Area as indicated on the Flow Control

Applications Map adopted with this manual or otherwise subject to Level 1 flow control (see
page 1-31), AND

c) The proposed project must not drain to a "severe flooding problem" or "severe erosion
problem" as defined on page 1-21, AND

d) The runoff from new impervious surfaces must be infiltrated or dispersed using flow control
BMPs specified in Appendix C, and any areas of native vegetation assumed not to be cleared for

the purposes of computing the increase in 100-year peak flow must be preserved within a tract or
by covenant as described in Appendix C, AND

e) The manner in which runoff is discharged from the project site must not create a significant
adverse impact per Core Requirement #1.

8. Discretionary Exemption for Infill Projects

Using the procedures detailed in Sections 1.4.3 and 1.4.4 of the adjustment process, the DDES Land
Use Services Division Manager/designee or Building Services Division Manager/designee may grant
an exemption from the flow control requirements in Core Requirement #3 provided all of the
following criteria are met:

a) The catchment (defined as the tributary area to a point where the project site comprises 15% of
the tributary area, or 1/4 mile downstream, whichever is greatest) is over 90% built-out to the
zoned density, AND

b) Eighty percent of the existing development within the catchment was constructed prior to 1979
(as determined from aerial photos) or is otherwise without formal flow control, AND

c) There are no Class 1 or 2 str_m_ with salmonids within 1/2 mile downstream of the project site
(except streams designated as major receiving waters), AND

d) There are no Class 1 wetlands within 1/2 mile downstream of the project site, AND

e) There are no "severe building flooding problems" (see page 1-21) within 1 mile downstream of
the project site, AND

f) Undetained flows from the proposed project will generate less than a 10% increase in the 10-year
peak flows to a downstream "conveyance system nuisance problem" (see page 1-21).

3sPercentbuild-outisdefinedasbeingthenumberofnon-subdividable,improved(withahouse)residentialbuildinglotsdivided
bytheultimatenumberoflotsallowableundercudentzoningandland-userestrictions.Publicly-ownedproperty(e.g.,parks,
schools,arterialroadways,stormwatertracts)andpermanentopen-spaceareas(e.g.,sensitiveareasandbuffers,recreational
tracts)maybeconsiderednon-subdividableforthepurposeofthesecaJculatJons.

9/1/98 1998SurfaceWater DesignManual
1-30

AR 031785



1.2.3 COREREQUIREMENT#3:FLOWCONTROL

1.2.3.1 AREA-SPECIFIC FLOW CONTROL STANDARDS

Projects subject to Core Requirement #3 must, at a minimum, comply with one of the three area-

specific flow control standards: Level 1, Level 2, or Level 3, whichever applies per the threshold
information detailed in this section.

1:3 LEVEL 1 FLOW CONTROL

Level 1 flow control is a peak-mate_h!ng performance standard primarily applied in areas where
maintaining peak flows is sufficient to protect the natural and constructed conveyance systems that are not
sensitive to development-induced increases in runoff volumes and flow durations. King County designates
these areas as Level 1 Flow Control Areas. Most Level 1 Flow Control Areas are delineated on the Flow

Control Applications Map adopted with this manual (see map pocket on inside of back cover). Any urban-
zoned areas of unincorporated King County not shown on this map shall also be considered Level I Flow
Control Areas.

Threshold

r The Level I flow control standard shall be applied to the design of required flow control facilities for
" any proposed project which meets one of the following criteria:R
E

s * The project is located within a Level 1 Flow Control Area as defined above, OR

o_ . The project is located within a Level 2 Flow Control Area as defined on page 1-32, but does not meet
o the threshold for application of the Level 2 flow control standard (see p. 1-33).

Performance Criteria

Level 1 Flow Control: Match the developed peak discharge rates to the existing site conditions as peak
discharge rates for 2- and 10-year return periods.

Reduced Level 1 Flow Control: A modified version of this standard, controlling only the 10-year
frequency peak flow rate, is allowed if the applicant demonstrates both of the following:

• The proposed project site discharges to a conveyance system not subject to erosion that extends from
the project discharge point to one of the major receiving waters listed in Table 1.2.3.B (p. 1-29), AND

• There is no evidence of capacity problems along this conveyance system as determined by offsite
analysis per Core Requirement #2, or such problems will be resolved prior to project construction.

Intent

Level 1 flow control is intended to protect flow-carrying capacity and limit increased erosion within the

downstream conveyance system for runoff events less than or equal to the 10-year event. Matching the 2-
and 10-year peak flows is intended to prevent increases in return-frequency peak flows less than or equal to
the 10-year peak flow down to the 2-year peak flow. This level of control is also intended to prevent
creation of new "conveyance system nuisance problems" as defined in Section 1.2.2 (p. 1-21).

EffectivenessinAddressingDownstreamProblems

While the Level 1 flow control standard provides reasonable protection from many development-induced
conveyance problems (up to the 10-year event), it does not prevent increases in runoff volumes or flow
durations that tend to aggravate the three types of downstream problems described in Section 1.2.2.1.

Consequently, if one or more of these problems are identified through offsite analysis per Core

Requirement #2, additional onsite flow control and/or offsite improvements will likely be required (see
"Problem-Specific Mitigation Requirements" in Section 1.2.2.2, p. 1-23).

36 Existing site conditions is defined in footnote 32 on page 1-27.
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El LEVEL 2 FLOW CONTROL

Level 2 flow control is a duration-matching performance standard which is effective in preventing
increases in existing erosion rates, The standard is applied in areas where the County has determined that .....

a greater level of control is needed and will be effective in preventing severe erosion and sedimentation
damage caused by development-induced increases inflow durationsY Such areas include those draining
through SAO-defined erosion hazard areas or to salmonid-bearing streams considered sensitive to
increased flow durations based on County studies or resource assessments. These areas axe designated by

King County as Level 2 Flow Control Areas, and they collectively include the following five types of
special defined drainage areas and/or basin plan subbasins:

1. Basin Plan Stream Protection Areas: These are subbasins in adopted basin plans where the County
has determined through hydrologic modeling that increases in flow durations from future development
will cause erosion and sedimentation damage to salmonid-bearing streams. They are identified as
requiring increased onsite detention to prevent acceleration of in-stream channel erosion as well as
sediment-generating erosion in the stream's tributary areas.

2. Rural Stream Protection Areas: These are areas not covered by basin plans that drain to relatively

undisturbed high-value resource streams on the rural side of GMA urban growth boundaries. There
are nine such areas originating from a group of 17 basins identified by King County as having the

highest value habitat and aquatic resources from among the county's 72 basins. The 17 basins were
identified through a county-wide assessment of habitat/resource values conducted in 1994 as part of
the Waterways 2000 Program. Although extensive modeling has not been done to confirm the
sensitivity of these streams to increased flow durations, there is a high probability they are sensitive
based on County modeling of similar streams in adopted basin plans. Given this high probability and

the high value of the resource, application of Level 2 flow control in these areas is warranted. The
rural portions of the following nine stream basir,., are designated as Rural Stream Protection Areas:

• Tokel Creek * Tolt River

• Hams Creek * Raging River ..

• Griffin Creek * Middle Green River

• PattersonCreek • WhiteRiver

• Snoqualmie River

In addition to the above nine basins, any rural zoned areas of the County not shown on the Flow
Control Applications Map are also considered Rural Stream Protection Areas.

3. SensitiveSlope ProtectionAreas:These are areasoutsideof streamprotectionareasthat drainto
those SAO-defined "erosion hazard areas" that are on slopes steeper than 15% (a delineation of all
known SAO erosion hazard areas can be found in King County's Sensitive Areas Map Folio) and

where the potential for future severe erosion is high based on the amount of upstream area yet to be
developed. These areas require Level 2 flow control to prevent creation or aggravation of severe
erosion problems.

4. Landslide Hazard Drainage Areas: These are areas both inside and outside of adopted basin plans

which are mapped on the Landslide Hazard Drainage Area Map adopted with this manual (see map
pocket on inside of back cover) and which drain to SAO-defined "landslide hazard areas" that arc on
slopes steeper than 15% (a delineation of known SAO landslide hazard areas can be found in King
County's Sensitive Areas Map Folio). Because these hazard areas pose a significant threat to health
and safety, Level 2 flow control is required and must be implemented in a manner which infiltrates as
much runoff as is feasible to prevent significant disturbance of these areas by overland flows (see
"Facility Requirement in Landslide Hazard Drainage Areas," Section 1.2.3.2, p. 1-37). For some

a7 Flowdurationmeanstheaggregatetimethatpeakflowsareatoraboveaparticularflowrateof interest(e.g.,theamountof
timeoverthelast40yearsthatpeakflowswereatorabovethe2-yearflowrate).
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projects, a tighfline system may be required (per Core Requirement #1) to convey runoff through the
landslide hazard area. If a tightline is provided, Level 1 flow control may be applied if the project is
not within a Basin Plan Stream Protection Area or a Rural Stream Protection Area as defined above,

and if there are no other SAO-defined erosion or steep slope hazard areas or severe erosion problems
downstream.

5. Forest Production Zone: These areas are typically steeper in slope and often drain to the County's
most pristine streams. Level 2 flow control is therefore required to prevent creation or aggravation of

severe erosion problems.

Most Level 2 Flow Control Areas are delineated on the Flow Control Applications Map adopted with
this Manual (see map pocket on inside of back cover). Any forest production zone or rural-zoned areas of
unincorporated King County not shown on this map shall also be considered Level 2 Flow Control Areas.
Note: A more detailed delineation of Level 2 Flow Control Areas, including the five component areas

described above, is available on King County's Geographic Information System (GIS).

Threshold

The Level 2 flow control standard shall be applied to the design of required flow control facilities for
any proposed project which is located within a Level 2 Flow Control Area as defined above, AND which
is confirmed to meet one of the following criteria for application of the Level 2 flow control standard:

• The project is located within a Basin Plan Stream Protection Area as defined above and confirmed by
detailed delineation information in the applicable basin plan, OR

• The project is located within a Rural Stream Protection Area as defined above and, in fact, drains to a
natural stream within that area, OR

• The project is located within a Sensitive Slope Protection Area as defined above and, in fact, drains

over the credible soils of a SAO-defined "erosion hazard area" with slopes steeper than 15%, OR

* The project is located within a Landslide Hazard Drainage Area as defined above and, in fact, ultimately
drains over the erodable soils of a SAO-defined "landslide hazard area" with slopes steeper than 15%,
OR

• The project is located within a designated Forest Production Zone.

Note: If the proposed project does not meet the above threshold criteria, then the Level 1 flow control
• standard shall apply as detailed on page 1-31.

PerformanceCriteria

Level 2 Flow Control: Match developed discharge durations to predeveloped durations for the range of

predeveloped discharge rates from 50% of the 2-year peak flow up to the full 50-year peak flow, assuming
existing site conditions as the predeveloped condition. Note: The peak-matching criteria of Level l flow
control must also be met.

Intent

Level 2 flow control is intended to prevent initiation or aggravation of erosion or stream channel instability
by maintaining existing erosion rates. This is accomplished by maintaining at predevelopment levels the
aggregate time that developed flows exceed an erosion-causing threshold (i.e., 50% of the 2-year peak
flow). Maintaining existing erosion rates within streams and their tributary areas is important for
preventing increases in channel erosion and sediment loading detrimental to fish habitat and production.
Maintaining existing erosion rates on sensitive slopes is important for preventing initiation and/or
aggravation of severe erosion problems.
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EffectivenessinAddressingDownstreamProblems

While the Level 2 flow control standard provides an excellent level of protection for preventing most

development-induced problems, it does not necessarily prevent increases in 100-year peak flows which
can aggravate "severe flooding problems" as defined in Core Requirement #2 (see page 1-21), nor does it -
necessarily prevent aggravation of all "severe erosion problems." Consequently, if one or more of these

problems are identified through offsite analysis per Core Requirement #2, additional onsite flow control
and/or offsite improvements will likely be required (see "Problem-Specific Mitigation Requirements" in

Section 1.2.2.2, p. 1-23).

El LEVEL 3 FLOW CONTROL

Level 3 flow control is a duration-matchlng and peak.matching performance standard which is

effective in preventing significant increases in water surface levels of lakes, wetlands, and closed

depressions. The standard is primarily applied in areas that drain to certain lakes, wetlands, or closed
depressions where the County has determined that a higher average level of flow control is needed to
prevent aggravation of existing documented flooding problems; the County has designated such areas as
Level 3 Flow Control Areas. Note that these areas are not specifically delineated on the Flow Control

Applications Map (located inside the back cover of this manual), but they are listed on the map by name of
lake, wetland code number (from the King County Wetlands Inventory), or approximate address.

Threshold

The Level 3 flow control standard shall be applied to the design of required flow control facilities for
any proposed project which is located within the contributing drainage area of one of the County-
inventoried wetlands or lakes listed on the Flow Control Applications (FCA) Map.

Note: If the proposed project does not meet the above threshold criteria, then apply the area-specific
standard for the flow control area in which the project is located as indicated on the FCA map.

Performance Criteria - "

Level 3 Flow Control: Apply the Level 2 flow control standard AND match the developed 100-year peak
discharge rate to the 100-year peak discharge rate for existing site conditions. Note: The peak-matching
criteria of Level 1 flow control must also be met.

Intent

Level 3 flow control is intended to prevent significant increases in existing water surface levels for 2-year

through 100-year return frequencies. Such increases are expected to occur as the volume of runoff
discharging to the water body is increased by upstream development. Because inflow rates to these water
bodies are typically much higher than the outflow rates, increased runoff volumes from upstream
development are, in effect, stacked on top of existing volumes in the water body, resulting in higher water

surface levels. The duration-matching and 100-year peak-matching criteria of the Level 3 flow control
standard counteract this stacking effect by slowing the arrival of additional runoff volumes.

Effec'dvenessin AddressingDownstream Problems
If the Level 3 flow control standard is implemented onsite, no additional measures are required to prevent

aggravation of the three types of downstream problems defined in Core Requirement #2. The one
exception is when the wetland or lake is a closed depression with a "severe flooding problem," and the
proposed project is adding impervious surface area amounting to more than 10% of the 100-year water
surface area of the closed depression. In this case, additional onsite flow control or offsite improvements

may be necessary as determined by a "point of compliance analysis" (see "Special Provision for Closed
Depressions" in Table 1.2.3.A (p. 1-26), and see Section 3.3.6, "Point of Compliance Analysis").

,..
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1.2.3.2 FLOW CONTROL IMPLEMENTATION REQUIREMENTS

Onsite vs. Offsite Implementation

All required flow control must be implemented onsite except where the below requirements can be met for

direct discharge to a regional or shared facility constructed to provide flow control for the proposed
project. Regional facilities are typically constructed as part of a basin plan or master drainage plan.
Shared facilities may be constructed under a County-developed shared facility drainage plan or under an
agreement between two or more private developers.

1. The regional or shared facility must be of adequate size and design to meet the currentflow control

requirements for the proposed project's increased storm and surface water runoff. The requirements are
those documented by an adopted King County basin plan or master drainage plan, approved shared facility

drainage plan, or, for private development proposals, a detailed drainage analysis approved by the County.

2. The regional or shared facility must be fully operational at the time of construction of the proposed
project. In the case of a shared facility, Lheproposed project must comply with the terms and conditions of
all contracts, agreements, and permits associated with the shared facility.

3. The conveyance system between the project site and the regional facility must meet the same criteria

specified for direct discharge to a major receiving water except for Criterion (a) (see "Direct Discharge
Exerr_on" on page 1-28). In the case of a shared facility, the criteria are the same, except the conveyance
system need only have adequate capacity and erosion protection for buildout of the participating portion 3s
of the contributing drainage area.

Methods of Analysis and Design

Flow control facilities must be analyzed and designed using a continuous flow simulation method such as
HSPF (Hydrologic Simulation Program FORTRAN) or the simplified HSPF-based runoff files method.

Specifications for use of the runoff files method and associated computer program, KCRTS, are found in
Chapter 3. Detailed design specifications for flow control facilities are found in Chapter 5.

Land Cover Assumptions

Land cover assumptions for designing flow control facilities are detailed in Chapter 3. For residential
development (plats, short plats, and large single family projects), flow control facilities must be sized for

the ultimate potential development of the site; this assumes that all forest and shrub cover (outside of

proposed impervious surface areas) will be converted to grass unless protected by an open space tract or
covenant. For rural residential developments, all forest/shrub cover outside of proposed impervious
surface areas will be assumed to be converted to 50% pasture and 50% grass, unless likewise protected.

Roof Downspout Controls in Subdivisions

All proposed single family residential subdivision projects must, on a lot-specific basis, provide for or
implement one of three types of roof downspout controls in the order of preference specified in Section
5.1. These include downspout infiltration, dispersion, or a perforated stub-out connection.

38Theparb'cipatingportionincludesthosepropertiesthathaveagreementsforuseofthesharedfacility.
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Sizing Credits for Roof Downspout Controls

When sizing flow control facilities serving single family residential subdivisions, the following credits
may be applied: _

• Where roof runoff is infiltrated according to the requirements of Section 5.1.1, the roof area may be
discounted from the net impervious area used for sizing flow control facilities.

• Where roof runoff is dispersed according to the requirements of Section 5.1.2 on lots 22,000 square
feet or larger, and the vegetated flowpath of the roof runoff is 50 feet or longer, the roof area may be
modeled as grass surface rather than impervious surface when sizing flow control facilities.

Note: These credits do not apply when determining eligibility for exemptions from Core Requirement #3.

Onsite Runoff Bypass

Proposed project runoff may bypass proposed onsite flow control facilities provided that all of the
following are true:

1. Runoff from both the bypass area and the flow control facility converges within a quarter-mile
downstream of the project site discharge point, AND

2. The flow control facility is designed to compensate for the uncontrolled bypass area such that the net
effect at the point of convergence downstream is the same with or without bypass, AND

3. The 100-year peak discharge from the bypass area will not exceed 0.4 cfs, AND

4. Runoff from the bypass area will not create a significant adverse impact to downstream drainage
systems or properties, AND

5. Water quality requirements applicable to the bypass area ar, met.

Offsite Bypass Requirement

IF the existing i00-year peak flow rate from any upstream offsite area is greater than 50% of the 100-year -
developed peak flow rate (undetained) for the project site, THEN the runoff from the offsite area must
bypass onsite flow control facilities. The bypass of offsite runoff must be designed so as to achieve all of
the following:

1. Any existing contribution of flows to an onsite wetland must be maintained, AND

2. Offsite flows that are naturally attenuated by the project site under predeveloped conditions must
remain attenuated, either by natural means or by providing additional onsite detention so that peak
flows do not increase, AND

3. Offsite flows that are dispersed or unconcentrated on the project site under predeveloped conditions
must be discharged in a safe manner as described in Core Requirement #1 under "Discharge
Requirements" (p. 1-17).

Manifold Detention Facilities

A manifold detention facility is a single detention facility designed to take the place of two or more
otherwise required detention facilities. It combines the runoff from two or more onsite drainage areas
having separate natural discharge points, and redistributes the runoff back to the natural discharge points
following detention. Because manifold detention facilities divert flows from one natural discharge point to
another and then back, they are not allowed except by an approved adjustment (see Section 1.4,
"Adjustment Process").
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Facility Requirement in Landslide Hazard Drainage Areas

Proposed projects subject to Discharge Requirement 2 in Core Requirement #l (see p. 1-18) must provide
a tightline system unless the 100-year runoff from the project site can be feasibly infiltrated or one of the
other exceptions listed on page 1-1g apply. For infiltration to be used as an alternative to the tightline
requirement, it must be feasible per the facility design requirements and limitations specified in Section
5.4. When evaluating the feasibility of infiltration, multiple facility locations scattered throughout the
project site shall be considered and used where feasible and practical to avoid concentrating infiltrated
water in one location. If multiple facilities are not feasible or practical, then a single infiltration facility
meeting the minimum setback requirements in Section 5.4 may be used.

Where infiltration is not feasible, a proposed project may still qualify for one of the other exceptions to the
tightline requirement specified in Core Requirement #1 (p. 1-18). If such a project is subject to Core
Requirement #3, then the required flow control facility must be a detention pond sized to meet Level 2
flow control performance with a safety factor of 20% applied to the storage volumel The detention pond
must be sited and designed so as to maximize the opportunity for infiltration in the pond. To accomplish
this, all of the following design requirements must be met:

1. The detention pond must be preceded by either a water quality treatment facility per Core
Requirement #8 or a presettling basin per Section 5.4, AND

2. All detention pond side slopes must be 3H:IV or flatter and must be earthen, AND

3. Detention pond liners which impede infiltration shall not be used, AND

4. The pond bottom shall be at or above the seasonal high groundwater table, AND

5. The detention pond outflow must meet the discharge dispersal requirements specified in Discharge
Requirement 1 of Core Requirement #1 (p. 1-17).
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1.2.4 CORE REQUIREMENT #4: CONVEYANCE SYSTEM
All engineered conveyance system elements for proposedprojectsmust be analyzed, designed, and
constructed to providea minimum level of protectionagainst overtopping, flooding, erosion, and structural

R failureas specified in the following groupsof requirements:
Q
, • "Conveyance Requirements forNew Systems," Section 1.2.4.1 (below)
Ti
I • "Conveyance Requirements forExisting Systems," Section 1.2.4.2 (!3. 1-39)

j * "Conveyance System ImplementationRequirements," Section 1.2.4.3 (p. 1-40)

Intent: To ensureproperdesign andconstructionof engineered conveyance system elements.
Conveyance systems arenaturalandengineered drainagefacilities that collect, contain, and provide for the
flow of surface and storm water. This core requirementapplies to the engineered elements of conveyance
systems---primarilypipes, culverts, and ditches/channels.

1.2.4.1 CONVEYANCE REQUIREMENTS FOR NEW SYSTEMS

All new conveyance system elements,_ both onsite and offsite, shall be analyzed, designed, and
constructedaccordingto the following requirements.

Pipe Systems

1. New pipe systems shall be designed with sufficient capacity tO convey and contain (at minimum) the
25-year peak flow, assumingdevelopedconditionsfor onsite tributaryareasand existing conditions
for any offsite tributaryareas.

2. Pipe system structures may overtop for runoff events that exceed the 25-year design capacity,
provided the overflow from a 100-year runoff event does not create or aggravate a "severe flooding
problem" or "severe erosion problem" as defined in Core Requirement #2, Section 1.2.2 (p. 1-31).
Any overflow occurring onsite for runoff events up to and including the 100-year event must
discharge at the natural location for the project site. In residential subdivisions, such overflow must
be contained within an onsite drainage easement, tract, covenant, or public right-of-way.

3. The upstream end of a pipe system that receives runoff from an open drainage feature (pond, ditch,
etc.) shall be analyzed and sized as a culvert as described below.

Culverts

l. New culverts shall be designed with sufficient capacity to meet the headwater requirements in Section
4.3.1 and convey (at minimum) the 25-year peak flow, assuming developed conditions for onsite
tributary areas and existing conditions for any offsite tributary areas.

2. New culverts must also convey as much of the 100-year peak flow as is necessary to preclude creating
or aggravating a "severe flooding problem" or "severe erosion problem" as defined in Core
Requirement #2, Section 1.2.2 (p. 1-31). Any overflow occurring onsite for runoff events up to and
including the 100-year event must discharge at the natural location for the project site. In residential
subdivisions, such overflow must be contained within an onsite drainage easement, tract, covenant, or
public right-of-way.

3. New culverts proposedin Class 1 streams or Class 2 streams with salmonids shall be designed to
provide for fish passage as detailed in Section 4.3.2. Note: The SAO or the state Department ofFish
and Wildlife may require a bridge to facilitate fish passage.

asNewconveyancesystemelementsarethosethatareproposedtobeconstructedwheretherearenoexistingconstructed
conveyanceelements.
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Ditches/Channels

1. New ditches/channels shall be designed with sufficient capacity to convey and contain, at minimum,
the 25-year peak flow, assuming developed conditions for onsite tributary areas and existing
conditions for any offsite tributary areas,

2. New ditches/channels must also convey as much of the 100-year peak flow as is necessary to preclude
creating or aggravating a "severe flooding problem" or "severe erosion problem" as defined in Core
Requirement 2, Section 1.2.2 (p. 1-31). Any overflow occurring onsite for runoff events up to and
including the 100-year event must discharge at the natural location for the project site. In residential
subdivisions, such overflow must be contained within an onsite drainage easement, tract, covenant, or
public right-of-way.

Tightline Systems Traversing Steep Slopes

New tightline conveyance systems traversing slopes that are steeper than 15% and greater than 20 feet in
height, or are a "sensitive area steep slope," shall bedesigned with sufficient capacity to convey and
contain (at minimum) the 100-year peak flow, assuming full build-out conditions 4°for all tributary areas,
both onsite and offsite. Tightline systems shall be designed as detailed in Section 4.2.2.

Bridges

New bridges shall be designed to pass the 100-year peak flow with clearance as specified in Section 4.3.3.

1.2.4.2 CONVEYANCE REQUIREMENTS FOR EXISTING SYSTEMS

The following conveyance requirements for existing systems are less rigorous than those for new systems
to allow some salvaging of existing systems that are in useable condition. Existing systems may be

- utilized if they are capable of providing a minimum level of protection as-is or with minor modifications.

Existing Onsite Conveyance Systems

No Change in Flow Characteristics: Existing onsite conveyance systems that will not experience a
change in flow characteristics (e.g., peak flows or volume of flows) as a result of the proposed project
need not be analyzed for conveyance capacity.

Change in Flow Characteristics: Existing onsite conveyance systems that will experience a change in
flow characteristics as a result of the proposed project must comply with the following conveyance
requirements:

1. The existing system must be analyzed and shown to have sufficient capacity to convey and contain (at
minimum) the 10-year peak flow assuming developed conditions for onsite tributary areas and existing
conditions for any offsite tributary areas.

2. The applicant must demonstrate that the 100-year peak flow to the existing system will not create or
aggravate a "severe flooding problem" or "severe erosion problem" as defined in Core Requirement
#2, Section 1.2.2 (p. 1-31).

3. Minor modifications may be made to the conveyance system to achieve the required capacity stated
above. Examples of minor modifications include raising a catch-basin rim, replacing or relaying a
section of pipe to match the capacity of other pipes in the system, improving a pipe inlet, or enlarging
a short, constricted reach of ditch or channel.

4. Modifications to an existing conveyance system or element which acts to attenuate peak flows due to
the presence of upstream detention storage shall be made in a manner that does not significantly

40Fullbuild.outconditionsmeansthetributaryareaisdevelopedtoitsfullzoningpotentialexceptwherethereareexisting
sensitiveareas,openspacetracts,and/ornativegrowthprotectioneasements/covenants.
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increase peak flows downstream. For example, if water is detained in a pond upstream of a restrictive
road culvert, then installing an overflow system for the culvert should prevent overtopping of the road
without significantly reducing existing detention storage.

Existing Offsite Conveyance Systems

1. Existing offsite conveyance systems need not be analyzed for conveyance capacity except as required
by Core Requirement #2, or if offsite improvements or direct discharge are proposed per Core
Requirement #3.

2. Improvements made to existing offsite conveyance systems to address the problem-specific mitigation
requirements in Section 1.2.2.2 (p. 1-23) need only change existing conveyance capacity sufficient to
prevent aggravation of the drainage problem(s) being addressed.

3. Existing offsite conveyance systems proposed to be used for direct discharge to a major receiving
water per Core Requirement #3 (p. 1-28) shall meet the same conveyance requirements specified in
Section 1.2.4.1 (p. 1-38)for new systems.

1.2.4.3 CONVEYANCESYSTEMIMPLEMENTATIONREQUIREMENTS

Methods of Analysis and Design

Properly-sized conveyance elements provide sufficient hydraulic capacity to convey peak flows of the
return frequencies indicated in Sections 1.2.4.1 and 1.2.4.2. Conveyance system element capacity shall be
demonstrated by using either the uniform flow analysis or backwater analysis method described in Chapter
4. Peak flows for designing conveyance systems are to be determined through use of either the Rational
Method or KCRTS model, as detailed in Section 3.2.

Spill Control Provisions

Projects proposing to construct or replace onsite conveyance system elements that receive runoff from
pollution-generating impervious surface41must providea spill control device as detailed in Section 4.2.1 -
prior to discharge from the project site or into a natural onsite drainage feature. 42 More specifically, this
requirement applies whenever a proposed project does either of the following:

• Constructs a new onsite conveyance system that receives runoff from pollution-generating impervious
surface, OR

• Removes and replaces an existing onsite conveyance system element that receives runoff from 5,000
square feet or more of onsite pollution-generating impervious surface.

The intent of this device is to temporarily detain oil or other floatable pollutants before they enter the
downstream drainage system in the event of an accidental spill or illegal dumping. It may consist of a Tee
section in a manhole or catch basin, or another alternative as specified in Section 4.2.1. Note: Spill control
devices were referred to as "oil separation devices"in previous editions of this manual.

Composition

Where feasible, conveyance systems shall be constructed of vegetation-lined channels, as opposed to pipe
systems. Vegetative channels shall generally be considered feasible if all of the following conditions are
present:

1. The channel gradient generally does not exceed five percent, AND

4_Pollution-generatingimpervioussurfacemeansimpervioussurfacewhichissubjecttovehicularuseorstorageofleachable
materials,wastes,orchemicals,andwhichreceivesdirectrainfallortherun-onorblow-onofrainfall.Formoredetails,see
page1-50.

42Naturalonsitedrainagefeaturemeansa naturalswale,channel,stream,doseddepression,wetland,orlake.
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2. No modifications to currentlyadoptedstandardroadwaycross sections in the King County Road
Standards arenecessitatedby the channel,AND

3. The channel will be accessible formaintenance(see Section 1.2.6), AND

4. The channel will not be subject to erosion.

Exceptions: The following areexceptions to the requirementfor vegetative channels:

• Conveyance systems proposedunderroadways,driveways,or parking areas

• Conveyance systems proposedbetween houses in urban-zonedplatsand shortplats

• Conveyance systems conveying roof runoffonly.

Ouffalls

An outfall is defined as a point where collected and concentratedsurface and storm waterrunoff is
discharged from apipe system or culvert.

Energy Dissipation: At a minimum,rockerosion protectionis requiredat outfalls from all drainage
systems and elements except whereDDES determinesthaterosionprotection is being providedby other
means or is not needed. Details on ouffall structuresare included in Section 4.2.2.

New Point Discharges Over Steep Slopes: Proposed ouffaUsthat will dischargerunoff in a location
where the natural(existing) discharge is unconcentratedovera slope steeperthan 15%and greaterthan 20
feet in height, or over a SAO-defined steep slope hazard area, must meet the following criteria:

1. IF the 100-year peak discharge is less than or equal to 0.2 cfs¢ underexisting conditions and will
remainless than orequal to 0.2 cfs underdeveloped conditions,THEN ouffall runoffmay be
discharged onto a rockpad shaped in amannerso as to disperseflow. The ouffalland rockpad must
be located upstream from any landslide or steep slope bufferand no less than 50 feet from the top of a
SAO-defined steep slope unless otherwise approved by DDES based on an evaluation/reportby a
geotechnical engineer.

2. IF the 100-year peak discharge is greater than 0.2 cfs but less than or equal to 0.5 cfs under existing
conditions and will remain less than or equal to 0.5 cfs under developed conditions, THEN runoff must
be conveyed to a dispersal trench or other dispersal system. The dispersal trench or system must be
located upstream from any landslide or steep slope buffer and no less than 50 feet from the top of a
SAO-defined steep slope unless otherwise approved by DDES based on an evaluation/report by a
geotechnical engineer.

3. IF the 100-year peak discharge is greater than 0.5 cfs for either existing or developed conditions,
THEN a tightline conveyance system must be constructed to convey the runoff to the bottom of the
slope unless other measures are approved by DDES based on an evaluation/report by a geotechnical
engineer. Tightline systems must be designed such that existing baseflow conditions are not
significantly changed and adequate energy dissipation is provided at the bottom of the slope.

Outfalls to the Green River

New stormwater ouffalls or modifications to existing stormwater ouffalls discharging to the Green River
between River Mile 6 (South Boeing Access Road) and SR 18 are allowed only through the adjustment
process. These outfalls must comply with requirements of the Green River Pump Operations Procedure
Plan, which establishes storage volumes and release rate criteria for developments proposing to construct
or modify ouffalls. Copies of the plan are available from DNR.

4aPeakdischargesshallbeascomputedusingKCRTSasdetailedinChapter3.

1998SurfaceWaterDesignManual 911198
1-41

AR 031796



S_.C'nON1.2 COREREQUmF.MENTS

Interflow and Interception

Interflow is near-surface groundwater that moves laterally through the soil horizon following the hydraulic
gradient of underlying relatively impermeable soils. When interflow is expressed on the surface, it is
termed a spring or seepage. Any significant springs or seepage areas that impact a roadway or structure
proposed by the project must be intercepted and directed into a conveyance system. Where roadways may
impede the passage of interflow to downstream wetlands or streams, provision for passage of
unconeentrated flows must be made.

Pump Systems

Pump systems may be used to convey water from one location or elevation to another within the project
site provided they meet the design criteria specified for such systems in Section 4.2.3 and will be privately
owned and maintained.

Pump systems that discharge flows from the project site that would not have discharged by gravity flow
under existing site conditions will require an approved adjustment to Core Requirement #1 (see Section
1.4, "Adjustment Process"). These pump systems will be considered only when they are the sole
alternative to solving a flooding or erosion problem as defined in Section 1.2.2. Typical conditions of
approval for these systems are available in Reference Section 84 under "Adjustment Application Form
and Process Guidelines."

.k.
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1.2.5 CORE REQUIREMENT #5:
EROSION AND SEDIMENT CONTROL

All proposed projects that will clear, grade,or otherwise disturbthe site must provideerosion and
sediment controlsto prevent,to the maximum extent possible, the transportof sediment from the project
site to downstream drainage facilities, water resources, and adjacentproperties. To prevent sedimentQ

, transport, Erosion and Sediraent Control (ESC) measures are required and shall perform as described in
r Section 1.2.5.2. Both temporary and permanent erosion and sediment controls shall be implemented as

described in Section 1.2.5.3.

Intent: To prevent the transport of sediment to streams, wetlands, lakes, drainage systems, and adjacent
properties. Erosion on construction sites can result in excessive sediment transport to adjacent properties
and to surface waters. Sediment transport can result in major adverse impacts, such as flooding due to
obstructed drainageways, smothering of salmonid spawning beds, and creation of algal blooms in lakes.

1.2.5.1 ESC MEASURES

The following ESC measures shall be providedas specified below andas furtherdetailedin the King
County Erosion and Sediment Control (ESC) Standards, adoptedas Appendix D of this manual:

• Clearing Limits: Priorto any site clearingor grading, areas to remain undisturbedduringproject
constructionshall be delineated. At a minimum, clearinglimit delineationflagging shall be provided
at the edges of all sensitiveareabuffers.

• Cover Measures: Temporaryand permanentcover measures shall be providedwhen necessary to
protect disturbed areas. Temporarycover shall be installedif an area is to remain unworkedformore

than seven days during the dryseason (May 1 to September30) or for more than two days during the
- wet season (October 1to April 30), unless otherwise determined by the County. Any area to remain

unworked for more than 30 days shall be seeded or sodded, unless the County determines that winter
weather makes vegetation establishment unfeasible. During the wet season, slopes and stockpiles
3H:IV or steeper with more than 10 feet of vertical relief shall be covered if they are to remain
unworked for more than 12hours. The intent of these measures is to prevent erosion by having as
much area as possible covered during any period of precipitation.

• Perimeter Protection: When necessary, perimeter protection to filter sediment from sheet flow shall

be provided downstream of all disturbed areas. Perimeter protection includes the use of vegetated
strips, as well as more conventional constructed measures such as silt fences. Such protection shall be
installed prior to upstream grading.

• Traffic Area Stabilization: Unsurfaced entrances, roads, and parking are_ used by construction
traffic shall be stabilized to minimize erosion and tracking of sediment offsite.

• Sediment Retention: Surface water collected from disturbed areas of the site shall be routed through
a sediment pond or trap prior to release from the site. This does not apply to areas at the perimeter of
the site small enough to be treated solely with perimeter protection. Sediment retention facilities shall
be installed prior to grading any contributing area.

• Surface Water Controls: Surface water controls shall be installed to intercept all surface water from
disturbed areas, convey it to a sediment pond or trap, and discharge it downstream of any disturbed
areas. However, areas at the perimeter of the site which are small enough to be treated solely with
perimeter protection do not require surface water controls. Significant sources of upstream surface
water that drain onto disturbed areas shall be intercepted and conveyed to a stabilized discharge point
downstream of the disturbed areas. Surface water controls shall be installed concurrently with or
immediately following rough grading.
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• Dust Control: Preventative measures to minimize wind transport of soil shall be implemented when a

traffic hazard may be created or when sediment transported by wind is likely to be deposited in water
resources.

1.2.5.2 ESC PERFORMANCE

The above ESC measures shall be applied and maintained so as to prevent, to the maximum extent
possible, the transport of sediment from the project site or into onsite wetlands, streams, or lakes. This

performance is intended to be achieved through proper selection, installation, and operation of the above
ESC measures as detailed in the ESC Standards (detached Appendix D) and approved by the County.
However, the County may determine at any time during construction that such approved measures are not
sufficient and additional action is required based on one of the following criteria:

1. IF a sieve test of storm and surface water discharges indicates that sand-sized sediment (soil particles
coarser than the #200 sieve, 0.075 mm) is leaving the project site or entering onsite wetlands, streams,

or lakes, THEN corrective actions and/or additional measures beyond those specified in Section
1.2.5.1 shall be implemented asdeemed necessary by the County. Note: The County can require that

the ESC supervisor have a #200 sieve on site. Also, "leaving the project site" will be interpreted
liberally. For example, if this criterion is applied to individual lots within a subdivision, it may,
depending on the site, be appropriate to conduct the sieve test at the outlet of the drainage system
rather than at the edge of the lot.

2. IF the County determines that the condition of the construction site poses a hazard to adjacent
property or may adversely impact drainage facilities or water resources, THEN additional

measures beyond those specified in Section 1.2.5.1 can be required by the County.

1.2.5.3 IMPLEMENTATION REQUIREMENTS

g:SCPlan

As specified in Chapter 2, all proposed projects must submit a plan for providing ESC measures. The
ESC plan shall include a detailed construction sequence as proposed by the design engineer and shall

identify required ESC measures. All ESC measures shall conform to the details and specifications in the
ESC Standards unless an alternative is approved by King County (see "Alternative and Experimental
Measures" in the ESC Standards, detached Appendix D). The ESC plan shall be accompanied by any
calculations or information necessary to size ESC measures and demonstrate compliance with Core
Requirement #5. The County may require large, complex projects to phase construction and to submit
multiple ESC plans for the different stages of construction. Development of new ESC plans is not
required for changes that are necessary during construction.

Wet SeasonConstruction

During the wet season (October 1 to April 30) any site with exposed soils shall be subject to the "Wet
Season Requirements" contained in the ESC Standards. In addition to the ESC cover measures, these
provisions include covering any newly-seeded areas with mulch and seeding as much disturbed area as
possible during the first week of October in order to provide grass cover for the wet season.

Constructionwithin SensitiveAreasand Buffers

Any construction that will result in disturbed areas on or within a stream or associated buffer, within a

Class 1 or 2 wetland or associated buffer, or within 50 feet of a lake shall be subject to the "Sensitive Area
Restrictions" contained in the ESC Standards. These provisions include phasing the project whenever
possible so that construction in these areas is limited to the dry season.
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Maintenance

All ESC measures shall be maintained and reviewed on a regular basis as prescribed in the E$C
Standards. The applicant shall designate an ESC supervisor who shall be responsible for maintenance and
review of ESC measures and for compliance with all permit conditions relating to ESC as described in the
ESC Standards.

Final Stabilization

Prior to obtaining final construction approval, the site shall be stabilized, structural ESC measures (such as
silt fences and sediment traps) shall be removed, and drainage facilities shall be cleaned as specified in the
ESC Standards.

Flexible Compliance

Some projects may meet the intent of Core Requirement #5 while varying from specific ESC requirements
contained here and in the ESC Standards. If a project is designed and constructed such that it meets the
intent of this core requirement, the County may determine that strict adherence to a specific ESC
requirement is unnecessary; an approved adjustment (see Section 1.4) is not required in these
circumstances. Certain types of projects are particularly likely to warrant this greater level of flexibility;
for instance, projects on relatively flat, well drained soils, projects that are constructed in closed
depressions, or projects that only disturb a small percentage of a forested site may meet the intent of this
requirement with very few ESC measures. More information on intent and general ESC principles is
contained in the ESC Standards.

Roads and Utilities

Road and utility projects often pose difficult erosioncontrol challenges because they frequently cross
surface waters and are long and narrow with limited area available to treat and store sediment-laden water.

Because of these factors, road and utility projects are allowed greater flexibility in meeting the intent of
Core Requirement #5 as described in the ESC Standards. Projects that pose a very low risk of erosion or
sediment transport due to site conditions or project scope may also warrant greater flexibility.

Consideration of Other Required Permits

Consideration should be given to the requirements and conditions which may be applied by other agencies
as part of other permits required for land-disturbing activities. In particular, the following permits may be
required and should be considered when implementing ESC measures:

• A Class IV Special Forest Practices Permit is required by the Washington State Department of
Natural Resources for projects that will clear more than two acres of forest or 5,000 board feet of
timber. All such clearing is also subject to the State Environmental Policy Act (RCW 43.21C) and
will require SEPA review. King County assumes lead agency status for Class IV permits, and the
application can be consolidated with the associated King County development permit or approval.

• A NIPDES'_ General Permit for Construction (pursuant to the Washington State Department of
Ecology's Baseline General Permit for Stormwater) is required for projects that will disturb more than
five acres. The five-acre threshold applies even where the five acres are to be disturbed in phases, as
long as the construction is "part of a larger common plan of development or sale."

NPDESstandsforNationalPollutantDischargeEliminationSystem.
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1.2.6 CORE REQUIREMENT #6: MAINTENANCE AND OPERATIONS

Maintenance and operationof all drainagefacilities is the responsibilityof the applicantor property

owner, except those facilities forwhich King Countyis grantedan easement, tract, or right-of-way and
officially assumes maintenance andoperationas describedbelow. Drainage facilities must be maintained
and operatedin compliance with King Countymaintenance standards.

Intent: To ensure that the maintenanceresponsibilityfor drainagefacilities is clearly assigned and that
these facilities will be properlymaintainedand operatedin perpetuity.

Drainage Facilities to be Maintained by King County

King County will assume maintenanceand operation_ of the flow control andwater quality facilities and
the conveyance system within improved publicroadright-of-wayfor any residentialsubdivision with two
or more lots, and any similardevelopmentwhere at least two-thirds of the developed contributingarea is
from single family or duplex residential structureson individual lots, except where such facilities are
approvedby King County to be maintainedby the homeowners association. Note: King County may
assume maintenance of such facilities serving any mix of developments as part of a shared facilities plan.

King County will assume maintenance and operationof these facilities two years after final
construction approval by DDES andan inspectionby the County to ensurethe facilities have been
properlymaintained and are operating as designed.

Flow control and water quality facilities to be maintainedand operated by King County must be located
in a tractor right-of-way dedicated to King County. Access roadsserving these facilities must also be
located in the tract or right-of-wayandmustbe connectedto an improvedpublic roadright-of-way.
Undergroundflow control or waterquality facilities (tanksor vaults) may be allowed in private rights-of-
way or roads if the easement includes provisionsfor facility access and maintenance.

Conveyance systems to be maintainedand operatedby King County must be located in a drainage
easement, tract, or right-of-way grantedto King County. Note: King County does not normally assume
maintenance responsibility for conveyance systems which are outside of improved public road right-of-
way.

Drainage Facilities to be Maintained by Private Parties

All privately-maintaineddrainagefacilities must be maintainedas specified in Appendix A, '.'Maintenance
Requirements for Privately MaintainedDrainageFacilities,"and as furtherprescribed in Chapter 6 for
waterquality facilities. A copy of the Operation and Maintenance Manual submitted as part of the
permit application(see Section 2.3.1) shall be retained on site and shall be transferredwith the propertyto
the new owner. A log of maintenanceactivity indicating whencleaning occurredand where waste was
disposed of shall also be kept by the owner and be available for inspection by the County. King County
may inspect all privately-maintaineddrainagefacilities forcompliance with these requirements. If
property owner(s) fail to maintaintheir facilities to the acceptable standards, the County may issue a
writtennotice specifying the requiredactions. If these actions arenot performedin a timely manner, the
County may enter the propertyto perform the actions needed andbill the propertyowner(s) for the cost of
the actions. In the event a hazard to public safety exists, written notice may not be required.

If the proposedproject is acommercial, industrial,or multifamily development or redevelopment, or a
single family residential building permit,a "Declaration of Covenant" (see Reference Section 8-F) must
be recordedat the King County Office of Recordsand Elections priorto engineering planapproval.

If the proposedproject is a residential subdivision development, all privatelymaintainedconveyance
systems or other drainagefacilities which convey flows throughprivate propertymust be located in a

4sKingCountydoesnotassumemaintenanceoflotdrainagesystemsordrainagestub-outsservingsinglefamilyresidentiallot
downspout,footing,oryarddrains,nordoesKingCountyassumemaintenanceofthosewaterqualityfacilitiesinstalledand
integratedintositelandscaping. ._
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1.2.7 FINANCIALGUARANTEESAND LIABILITY

drainage easement dedicated to convey surface and storm water. Individual owners of the properties
containing such easements must maintain the drainage facilities through their property. The legal instrument
creating drainage easements on private property must contain language that requires a private property
owner to obtain written approval from King County prior to removing vegetation (except by routine

mowing) from any drainage easement containing open, vegetated drainage facilities (such as swales,
channels, ditches, ponds, etc.). See "Drainage Easements" in Reference Section 8-H.

1.2.7 CORE REQUIREMENT #7:
FINANCIAL GUARANTEES AND LIABILITY

I All drainage facilities constructed or modified for projects (except downspout infiltration and dispersion

systems) must comply with the financial guarantee requirements in King County Ordinance 12020 and the

liability requirements of King County Code 9.04.100. There are two types of financial guarantees for
projects constructing or modifying drainage facilities: the drainage facilities restoration and site
stabilization guarantee, and the drainage defect and maintenance guarantee.

Intent: To ensure financial guarantees are posted to sufficiently cover the cost of correcting, if necessary,
incomplete or substandard drainage facility construction work, and to warrant for two years the
satisfactory performance and maintenance of those newly-constructed drainage facilities to be assumed by
King County for maintenance and operation. Core Requirement #7 is also intended to ensure that a

liability policy is provided which protects the proponent and the County from any damages relating to the
construction or maintenance of required drainage facilities by private patties.

Drainage Facilities Restoration and Site Stabilization Financial Guarantee

Prior to commencing construction, the applicant required to construct drainage facilities pursuant to the
drainage requirements in this manual and KCC 9.04.050 must post a drainage facilities restoration and site
stabilization financial guarantee. This guarantee must be an amount sufficient to cover the cost of

corrective work on or off the site performed specifically for the given project. Note: DDES may waive the
requirement of this guarantee on projects proposing only minor modifications or improvements to the

drainage system (e.g., catch basin inserts, spill control devices, pipe replacements, etc.). In addition, this
guarantee may be combined with other required guarantees as allowed in Ordinance 12020.

Before King County. will release the project's drainage facilities restoration and site stabilization financial
guarantee, the applicant must do the following:

1. Construct the drainage facilities

2. Receive final construction approval from DDES

3. Pay all required fees.

Drainage Defect and Maintenance Financial Guarantee

For any constructed or modified drainage facilities to be maintained and operated by King County, the
applicant must do the following:

1. Post a drainage defect and maintenance financial guarantee for a period of two years (see Reference
Section 8-E, "Maintenance and Defect Agreement").

2. Maintain the drainage facilities (per the maintenance standards in Appendix A) during the two-year
period following posting of the drainage defect and maintenance financial guarantee.

Before King County will release the drainage defect and maintenance financial guarantee and assume
maintenance and operation of drainage facilities, the applicant must do the following:

1. For plats, record the final plat.
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2. For tracts containing drainage facilities to be maintained by King County and not located within the

final plat, deed the tract to King County and set property comers in conformance with state surveying
standards.

3. For easements containing drainage facilities to be maintained by King County and not located within
the final plat, provide easement documents and set temporary survey markers to delineate the
easement location.

4. Receive a final County inspection to ensure the drainage facilities have been properly maintained and
are operating as designed.

5. Correct any defects noted in the final inspection.
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1.2.8 COREREQUIREMENT#8: WATERQUALITY

1.2.8 CORE REQUIREMENT #8: WATER QUALITY

I All proposed projects, including redevelopment projects, must provide water quality (WQ) facilities to

treat the runoff from new and/or replaced pollution-generating impervious surfaces and pollution-

generating pervious surfaces. These facilities shall be selected from one of the area-specific WQ menus
described in Section 1.2.8.1 (p. 1-52) and implemented according to the applicable WQ implementation
requirements in Section 1.2.8.2 (p. 1-57).

Intent: To require an efficient, cost-effective level of water quality treatment tailored to the sensitivities

and resource protection needs of the downstream receiving water to which the project site drains, or, in the
case of infiltration, protection of the receiving groundwater system.

Guideto ApplyingCoreRequirement#8
Core Requirement #8 requires that WQ treatment facilities be provided to remove pollutants from runoff
discharging from the project site in accordance with one of the four area-specific WQ menus found in
Section !.2.8.1 (p. 1-52).

Area-specific WQ menus are groups of facility options designed to provide levels of treatment targeted
to the resource protection needs of specific areas of King County called WQ treatment areas. There are

four such areas depicted on the WQ Applications Map adopted with this manual (see the map pocket
inside the back cover). Each WQ treatment area has a different area-specific WQ menu as described in
Section 1.2.8.1.

WQ implementation requirements are the minimum requirements for analyzing, designing, and
maintaining WQ facilities.

For efficient application of Core Requirement #8, the following steps are recommended:

I. Cheek the exemption language on page 1-50 to determine if and/or which portions of your project
must provide WQ treatment facilities per Core Requirement #8.

2. If your project is a redevelopment project, you may apply the Basic WQ menu as described on page
1-52, irrespective of the WQ Applications Map, and proceed to Step 5 below.

3. Use the WQ Applications Map to determine the "WQ treatment area" where your project is located.
If this determination can not be made from the map, a more detailed delineation of WQ treatment
areas is available on King County's Geographic Information System.

4. For the WQ treatment area identified above, determine which area-specific WQ menu applies to
your project by consulting the detailed threshold information in Section 1.2.8.1 (p. 1-52).

5. Use Section 1.2.8.2 (p. 1-57) to determine the minimum requirements for implementing water
quality treatment.

Other Important Information about Core Requirement #8

Core Requirement #8 is the primary component of an overall water quality protection strategy required by
this manual. Other requirements include the following:

• Core Requirement #4: Conveyance System, Spill Control Provisions, Section 1.2.4 (p. 1-40)--This
provision generally applies whenever a project constructs or replaces onsite conveyance system
elements that receive runoff from pollution-generating impervious surfaces. The provision requires
that runoff from such impervious surfaces be routed through a spill control device prior to discharge
from the project site or into a natural onsite drainage feature.

• Special Requirement #4: Source Control, Section 1.3.4 (p. 1-61)---This requirement applies water
quality source controls from the King County Stormwater Pollution Control Manual to those projects
proposing to develop or redevelop a commercial, industrial, or multifamily site.
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SECTION 1.2 CORE REQUIREMENTS

• Special Requirement #5: Oil Control, Section 1.3.5 (p. 1-62)---This requirement applies special oil

controls to those projects proposing to develop or redevelop a high-use site.

Key Definitions

• Pollution-generating impervious surface (PGIS) Definition: Those impervious surfaces considered
to be a significant source of pollutants in stormwater runoff. Such surfaces include those which are
subject to vehicular use _ or storage of erodable or leachable materials, wastes, or chemicals, 4r and
which receive direct rainfall or the run-on or blow-in of rainfall. 4a Metal roofs are also considered to

be PGIS unless they are treated to prevent leaching.

• Pollution-generating pervious surface (PGPS) Definition: Any non-impervious surface with
vegetative ground cover subject to use of pesticides and fertilizers. Such surfaces include, but are not

limited to, the lawn and landscaped areas of residential or commercial sites, golf courses, parks and
sports fields.

121EXEMPTIONS FROM CORE REQUIREMENT

There are five possible exemptions from the requirement to provide a formal water quality facility per

Core Requirement #8:

1. Surface Area Exemption

A proposed project or any threshold discharge area within a project is exempt if it meets all of the
following criteria:

a) Less than 5,000 square feet of new PGIS 4gwill be added, AND

b) Less than 5,000 square feet of contiguous PGISs°will be created through any combination of new
and/or replaced impervious surface as part of a redevelopment project, AND

c) Less than 1 acre of contiguous PGPS sl will be added and/or modified, s2 OR there is a formal

agreement with King County to implement a landscape management plan 5a for the PGPS areas on

the site (or a farm management plan in the case of an agricultural land use).

4sA surface,whetherpavedornot,shallbe consideredsubject to vehicularuse if it isregularlyusedby motorvehicles. The
followingare consideredregularly-used surlace_, roads,unvegetatedroadshoulders,bike laneswithinthetraveledlane ofa
roadway,driveways,parkinglots,unfencedfirelanes,dieselequipmentstorageyards,andairportrunways. The followingare
notconsideredregularly-usedsurfaces:roadshouldersprimarilyusedforemergencyparking,pavedbicyclepathways,bicycle
lanesadjacentto unpavedor paved roadshoulderspdmadlyusedforemergencyparking,fencedfirelanes,and infrequently
usedmaintenanceaccessroads.

47Erodable or leachable materials, wastes, or chemicals arethosesubstanceswhich,when exposedto rainfall,measurablyalter
the physicalorchemicalcharactedslJcsof the rainfallrunoff(examplesincludeerodablesoil,uncoveredprocesswastes,
manure,fertilizers,oilysubstances,ashes,kilndust,garbagedumpsterleakage,etc.).

48A covered parkingarea wouldbe consideredpollution-generatingif runofffromuphillcouldregularlyrunthroughit,or if rainfall
could regularlyblowinand wet the pavementsurface. The sameparkingarea wouldnotbe includedif itwere enclosedby
wallsor if a lowwall and bean preventedstormwaterfrombeingblowninor fromrunningontothe coveredarea.

4gNew PGIS meansnewimpervioussurface(as definedon page 1-4)that ispollution-generating.

soContiguous PGIS meansa discretepatchof PGIS that is all togetherasopposedto beingseparatedindifferentlocationson
the projectsite. As used in thisand otherexemptions,the intentis toapplyCore Requirement#8 tothose redevelopment
projectsthat are replacingand/oraddingenoughimpervioussurface inonelocationto allowforopportuneinstallationof a
water qualityfacility.

51Contiguous PGPS meansa patchof PGPS that isall togetheras opposedto beingseparatedin differentlocationson the
projectsite.

52ModitiedPGPS meansany existingPGPS thatis re-gradedorre-contouredbythe proposedproject.

s3Landscape management plan meansa KingCountyapprovedplan fordefiningthe layoutandlong-termmaintenanceof
landscapingfeaturesto minimizethe useof pesticidesandfertilizers,and to reducethe dischargeof suspendedsolidsand
other pollutants.Guidelinesfor prapadnglandscapemanagementplanscan befoundinReferenceSection4-A. Submittal
requirementsare detailedinSection2.3.1.4. _
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1.2.8CORE REQUIREMENT #8:WATER QUALITY

2. Cost Exemption for Redevelopment Projects

_ A redevelopment project or any threshold discharge area within a redevelopment project is exempt
if it meets all of the following criteria:

a) Less than $500,000 of total site improvements is proposed, AND

b) Less than 5,000 square feet of new PGIS will be added, AND

c) Less than 1 acre of contiguous PGPS will be added and/or modified, OR there is a formal

agreement with King County to implement a landscape management plan for the PGPS areas.

3. Forested Open Space Exemption for Rural Residential Projects

Any natural discharge area within a proposed rural residential project (zoned RA-2.5, RA-5, RA-10,
or R-20) is exempt if all of the following criteria are met:

a) At least 65% of the unsubmergedportion _ of the natural discharge area is set aside as forested
open space as specified in Section 5.2.1, AND

b) The runoff from roads and driveways is dispersed through at least 100 feet of native vegetation as
described in Section 5.2.1, AND

c) The runoff from contiguous lawn areas of I acre or more is dispersed through at least 25 feet of
native vegetation onsite as specified in Section 1.2.8.2 (p. 1-57).

4. Standard Infiltration Exemption

A proposed project or any drainage area within a project is exempt if the runoff from pollution-
generating pervious and impervious surfaces is infiltrated in soils with a measured infiltration rate 55of
less than or equal to 9 inches per hour, except in designated sole-source aquifer areas se where the
measured rate must be less than or equal to 2.4 inches per hour.

5. Soil Treatment Exemption

A proposed project or any drainage area within a project is exempt if the runoff from pollution-
generating impervious surfaces is infiltrated in soils which meet the "groundwater protection criteria"
outlined below, except where the measured infiltration rate is greater than 9 inches per hour in
designated sole-source aquifer areas or areas within one-quarter-mile of a sensitive lake. sT

Groundwater Protection Criteria: The first 2 feet or more of the soil beneath an infiltration facility
must meet one of the following specifications for general protection of groundwater:

a) The soil must have a cation exchange capacity ss greater than 5 and an organic content s9 greater
than 0.5%, OR

b) The soil must be composed of less than 25% gravel by weight with at least 75% of the soil passing
the #4 sieve, and the portion passing the #4 sieve must meet one of the following gradations:

• At least 50% must pass the #40 sieve and at least 2% must pass the #100 sieve, OR

• At least 25% must pass the #40 sieve and at least 5% must pass the #200 sieve.

s4UnsubmergedpotlJonmeansanyportionoutsidetheordinaryhighwaterlineofstreams,lakes,andwetlands.

ssMeasuredinfiltrationrateshallbeasmeasuredbytheEPAmethodortheDoubleRingInfiltrameterMethod(ASTMD3385).
Forsomesoils,aninfiltrationrateoflessthan9 inchesperhourmaybeassumedbasedonasoiltexturedeterminationrather
thana ratemeasurement.Formoredetails,seethe"GroundwaterProtection"requirementsinSection5.4.1.

ssSole-sourceaquiferareasaredesignatedbythe EPAanddepictedontheAreasHighlySusceptibletoGroundwater
ContaminationMapadoptedaspartoftheKingCountyComprehensivePlan.

s7Sensitivelakeisa designationappliedbytheCountytolakesthatareparticularlyproneto eutrophicationfromdevelopment-
inducedincreasesinphosphorusloading.SuchlakesareidentifiedontheWaterQualityApplicationsMapadoptedwiththis
manual(seemappocketoninsideofbackcover).

saCationexchangecapacityshallbetestedusingEPALaboratoryMethod9081.

s9OrganiccontentshallbemeasuredonadryweightbasisusingASTMD2974.
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1.2.8.1 AREA-SPECIFIC WATER QUALITY MENUS

Projects subject to Core Requirement #8 must provide a facility selected from one of the four area-
specific WQ treatment menus listed below, whichever applies per the threshold information detailed in
this section:

• Basic Water Quality menu

• Sensitive Lake Protection menu

• Resource Stream Protection menu

• Sphagnum Bog Protection menu.

Exception: Redevelopment projects subject to Core Requirement #8 need only apply the Basic WQ menu
as described below, regardless of where they are located. Note: A higher standard may be imposed by an

adopted resource management plan through Special Requirement #1, Section 1.3.1, or the proposed
project may apply a higher standard voluntarily.

Intent: To apply an appropriate level of water quality treatment based on the sensitivities of receiving
waters for the drainage area in which the project lies. These drainage areas are identified as WQ treatment

areas on the WQ Applications Map adopted with this manual. In addition to a minimum basic standard
which applies broadly to most geographic areas, special menus are provided for sites within the
watersheds of sensitive lakes, regionally significant stream reaches, and sphagnum bog wetlands.
Redevelopment projects may apply the Basic WQ menu for all WQ treatment areas because application of
WQ treatment to these projects incrementally reduces existing pollutant loads and concentrations to all

water bodies. This benefits sensitive as well as typical water bodies and limits the cost of stormwater
treatment in areas that are already developed.

121BASIC WQ MENU

The Basic WQ menu is primarily applied in areas of King County where a general, cost-effective level of
treatment is desired and where more intensive, targeted pollutant removal is not needed to protect
receiving bodies. Such areas are designated by King County as Basic WQ Treatment Areas. Most Basic
WQ Treatment Areas are delineated on the WQ Applications Map adopted with this manual (see the map
pocket inside the back cover). The forest production zone and any other areas of unincorporated King

County not shown on this map are also considered to be Basic WQ Treatment Areas. Note: The Basic WQ
menu is also applied to all redevelopment projects that are subject to Core Requirement #8 regardless of

the WQ treatment area in which they are located.

Threshold

A treatment option from the Basic WQ menu shall be used to treat runoff from any of the following types
"r of proposed projects:H
R

E I. A project located within a Basic WQ Treatment Area as defined above, OR
$
H
o 2. A project located within another WQ treatment area but which does not meet the threshold for
L application of the area-specific requirement for that area, ORt_

3. A redevelopment project located in any WQ treatment area.

Treatment Goal and Options

The treatment goal for facility options in the Basic WQ menu is 80% removal of total suspended solids
(TSS) for a typical rainfall year, assuming typical pollutant concentrations in urban runoff? ° TSS is the

6o For evaluation purposes, typical concentrations of TSS in Seattle area runoff are between 30 and 100 mg/L (Table 1, 'Water

Quality Thresholds Decision Paper," King County Surface Water Management. Division, April 1994) ....
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general performance indicator for basic water quality protection because it is the most obvious pollutant of
concern. The Basic WQ menu includes facilities such as wetponds, combined detention/wetponds,

- biofiltration swales, filter strips, and sand filters. See Chapter 6 for specific facility choices and design
details.

Intent

The Basic WQ menu is intended to be applied to both the stormwater discharges that drain to surface

waters and those that infiltrate into soils which do not provide adequate groundwater protection (see
Exemptions 4 and 5 from Core Requirement #8). Overall, the 80% TSS removal objective, in conjunction

with special requirements for source control and high-use site controls, is expected to result in good
stormwater quality for all but the most sensitive water bodies. Additional water quality treatment is
indicated only for sensitive lakes, regionally-significant stream reaches, and sphagnum bog wetlands.

Q SENSmVE LAKE PROTECTION MENU

The Sensitive Lake Protection menu is primarily applied in areas of King County that drain to lakes which
have a combination of water quality characteristics and watershed development potential that makes them

particularly prone to eutrophication induced by development. Such areas are designated by King County
as Sensitive Lake WQ Treatment Areas and are delineated on the WQ Applications Map adopted with
this manual (see the map pocket inside the back cover).

Threshold

A treatment option from the Sensitive Lake Protection menu shall be used to treat runoff from any

rl proposed project (excluding redevelopment projects) which is located within a Sensitive Lake WQH!
"_ Treatment Area as indicated on the WQ Applications Map, AND which discharges runoff in e"ther of theE_
sJ following ways:

1. Discharges runoff by surface flow 61 to the lake in question, OR

i 2. Infiltrates runoff in soils having high infiltration rates _ and located within one-quarter-mile of the
/ lake's mean-high-water level.

Notes:

• If the proposed project is located within a Sensitive Lake WQ Treatment Area but does not meet the
above threshold criteria, then the Basic WQ menu shall apply as detailed on page 1-52.

• Ifa lake management plan has been prepared and adopted by King County, additional treatment
and/or other water quality measures may be required as specified in the plan and pursuant to Special
Requirement #1, Section 1.3.! (p. 1-59). A list of adopted lake management plans is provided in
Reference Section 2-B.

• lf the project site discharges to more than one special WQfeature (i.e., a sensitive lake, regionally-
significant stream reach_ or sphagnum bog), the following order of precedence shall apply:

1. Sphagnum Bog Protection menu

2. Sensitive Lake Protection menu

3. Resource Stream Protection menu.

sl Surfaceflow meansthatwhichtravelsoverlandorinanopenorpipedconveyancesystem.

s2Highinfiltrationratesarethoseinexcessof9 inchesperhourasmeasuredbytheEPAmethodortheDoubleRing
Infiltrametermethod(ASTMD3385).Thesewilltypicallybemediumtocoarsesandorgravelsoilwithlowsiltcontent.See
Section5.4.1forinformationonmeasuringinfiltrationrates.
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Treatment Goal and Options

The treatment goal for facility options in the Sensitive Lake Protection menu is 50% annual average total
phosphorus (TP) removal assuming typical pollutant concentrations in urban runoff. _ This goal was
chosen as a realistic and cost-effective level of phosphorus removal. The Sensitive Lake Protection menu
includes options for using Basic WQ facilities that are sized larger, combinations of two facilities in

series, _ or a single facility in combination with land use planning elements that reduce phosphorus. See
Chapter 6 for specific facility options and design details.

Intent

A project discharging runoff via surface flow contributes phosphorus loading to a sensitive lake regardless

of distance from the lake. If discharge is via infiltration through coarse soils, it is also possible that
phosphorus would be transported through the ground for some distance without attenuation. This
groundwater transport distance is considered to typically be no more than one-quarter mile. Therefore,
onsite treatment using the Sensitive Lake Protection menu is required prior to infiltration within one-
quarter mile of a sensitive lake. Infiltration through finer soils is expected to provide Significant
attenuation of TP, so the general groundwater protection criteria specified on page 1-51 under "Soil
Treatment Exemption" arc considered sufficient for infiltration through finer soils.

=1 RESOURCESTREAM PROTECTIONMENU

The Resource Stream Protection menu is primarily applied in areas of King County that drain to stream
reaches identified as "regionally significant" during King County studies and inventories conducted in

support of watershed planning or management activities. These stream reaches are important fishery
resources where substantial aggregations of fish are likely to be present all or part of the year. Only five
regional drainage basins have been inventoried at present. The tributary drainage areas to these stream
reaches are designated by King County as Resource Stream WQ Treatment Areas and are delineated on
the WQ Applications Map (see the map pocket inside the back cover). As additional regionally significant

stream reaches are identified, the WQ Applications Map will be updated.

Threshold

A treatment option from the Resource Stream Protection menu shall be used to treat runoff from any

proposed project (excluding redevelopment projects) which is located within a Resource Stream WQ

Treatment Area as indicated on the WQ Applications Map, AND which discharges runoff by surface flow
which ultimately reaches a regionally significant stream reach.

Notes:

• If the proposed project is within a Resource Stream WQ Treatment Area, but meets neither the above
threshold criteria nor the criteria for application of the Sensitive Lake Protection menu (p. 1-53) or
Sphagnum Bog Protection menu (p. 1-55), then the Basic WQ menu shall apply as detailed on page
1-52.

• If the project site discharges to more than one special WQfeature (i.e., a sensitive lake, regionally-

significant stream reach, or sphagnum bog), the foUowing order of precedence shall apply:

1. Sphagnum Bog Protection menu

2. Sensitive Lake Protection menu

3. Resource Stream Protection menu.

s3Phosphorusconcentrationsofbetween0.10and0.50mg/LareconsideredtypicalofSeattlearearunoff(Table1, "Water
QualityThresholdsDecisionpaper,"KingCountySurfaceWaterManagementDivision,April1994).

s4Inseries meansthattheentiretreatmentwatervolumeflowsfromonefacilitytotheotherinturn.
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Treatment Goals and Options

The treatment goal for facility options in the Resource Stream Protection menu is 50% reduction of total

zinc. Zinc is an indicator of a wider range of metals typically found in urban runoff that are potentially
toxic to fish and other aquatic life. The Resource Stream Protection menu includes options for use of a
large sand filter or a combination of two facilities in series, one of which is either a sand filter or a leaf

compost filter. See Chapter 6 for specific facility options and designs.

Intent

Facility options in the Resource Stream Protection menu axe intended to remove more metals than

expected from the Basic WQ menu. Lower metal concentrations reduce the risk to fish of exposure to
both chronic and acutely toxic concentrations of metals such as copper and zinc. The Resource Stream

Protection menu is intended to apply to the entire tributary drainage area for the regionally significant
stream reach.

El SPHAGNUM BOG PROTECTIONMENU

The SphagnumBog Protectionmenuis primarilyappliedin areas of KingCountythatdrainto sphagnum
bog wetlands. _ These wetlands support unique vegetation communities, and they tend to develop in areas
where water movement is minimized. Bogs are typically isolated from significant sources of surface and

ground water and receive their main water supply from rainfall. Sphagnum bog wetlands are generally
uncommon in the Puget Sound area; of all the inventoried wetlands in King County, only a small
percentage have sphagnum bog components. _

Only a portion of all sphagnum bog wetlands have been identified and mapped by King County.
Consequently, many of these wetlands and their contributing drainage areas must be identified during
wetland identification and delineation for the project site and during offsite analysis as required in Core

Requirement #2. A list of identified sphagnum bog wetlands is included on the WQ Applications Map;
however, if a wetland is found downstream of the project site that meets the definition of a sphagnum bog
wetland, this menu still applies whether the wetland is listed or not.

Threshold

A treatment option from the Sphagnum Bog Protection menu shall be used to treat runoff from any

proposed project which discharges runoff by surface flow to the plant community of a sphagnum bog
wetland greater than 0.25 acres in size er as indicated on the WQ Applications Map or as identified through
offsite analysis per Core Requirement #2.

Notes:

• lftheproposedprojectdoesnotmeetthethresholdabove, thenapplythearea-specificWQmenufor

the WQ treatment area in which the project is located as indicated on the WQ Applications Map.

• If the proposed project meets the threshold above, the Sphagnum Bog Protection menu will apply
regardless of the WQ treatment area in which the project is located.

• If the proposed project is a redevelopment project, the Sphagnum Bog Protection menu is not
required but is highly recommended.

ssAsphagnumbogwetlandisdefinedasa wetlanddominatedbysphagnummossandwhichhasanassociatedacid-loving
plantcommunity.AtechnicaldefinitioncanbefoundintheDefinitionsection.

ssApproximately3%ofwetlandsinthe1990sensitiveareasinventoryareeithersphagnumbogsorhaveportionsofthelakeor
wetlandwithbogcharacteristics.

s7Thesizeofasphagnumbogwetlandisdefinedbythe boundariesofthesphagnumbogplantcommunity.
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TreatmentGoalsandOptions

The treatment goals for protection of sphagnum bog wetlands include the control of nutrients, alkalinity, _....
and pH. Although these goals may change as additional information about these wetlands becomes

available, target pollutant removals for sphagnum bog protection are currently as follows:

* Total phosphorus reduction of 50%

* Nitrate + nitrite reduction of 40%

• pHbelow6.5

• Alkalinity below 10 mg/L.

Facility options to meet these goals are limited; therefore, the County discourages developments from
discharging runoff to sphagnum bog wetlands. Treatment facility options include either infiltration of
stormwater up to the 10-year event or a treatment train eeof two or three facilities in series. One of the

facilities in the train must be a sand filter. The order of facilities in the treatment train is important; see
Chapter 6 for specific facility options and design details.

Intent

Sphagnum bog wetlands support unique vegetation communities that are extremely sensitive tOchanges in
alkalinity and nutrients from surface water inputs. Treatment facility options emphasize reduction of

mineral elements (alkalinity) and nutrients in the runoff. Little is known about the ability of the identified
facility options to reduce alkalinity or to actually protect sphagnum-based plant communities. In addition,
the effect of frequent water level changes on the sphagnum plant community is also unknown, but it could

be damaging. Hence, the Sphagnum Bog Protection menu is expected to be changed over time as more
information becomes available.

eeA treatmenttrainisacombinationoftwoormoretreatmentBMPsconnectedinseries(i.e.,thedesignwatervolumepasses
througheachfacilityintum).
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1.2.8 COREREQUIREMENT#8:WATERQUALITY

1.2.8.2 WATER QUALITY IMPLEMENTATION REQUIREMENTS

Methods of Analysis and Design

Water quality treatment facilities shall be analyzed and designed as detailed in Chapter 6.

Siting of Treatment Facilities

Required treatment facilities shall be located to treat the runoff from all contiguous PGIS exceeding the
threshold for application of Core Requirement #8 to redevelopment projects and all new PGIS on other
projects, except as allowed below under "Treatment Trades" and "Untreated Discharges." In addition, all
runoff from I acre or more of new and/or modified contiguous PGPS must also be directed to a treatment
facility.

Any other onsite or offsite runoff draining to a proposed treatment facility must be treated whether it is
from a pollution-generating surface or not. This is because treatment effectiveness is determined in part
by the total volume of runoff entering the facility.

Treatment of Pervious Surfaces

Pollution-generating pervious surfaces subject to Core Requirement #8 need only be treated using the
Basic WQ menu regardless of location, except for those surfaces draining to sphagnum bog wetlands. It is
also possible for the facility requirement to be waived if there is a good faith agreement with the King
Conservation District to implement a farm management plan for agricultural uses, or DDES approves a
landscape management plan that controls solids, pesticides, and fertilizers leaving the site.

For rural residential projects utilizing Exemption 3 on page 1-51, the runoff from contiguous lawn
areas, 1 acre or larger, must be dispersed through 25 feet of native vegetation in accordance with the
following criteria:

1. The contributing towpath of the lawn area being dispersed must be no more than 150 feet, AND

2. The 25-foot minimum towpath through native vegetation must be contained within the onsite tract or
easement area being set aside as forested open space per Section 5.2.I, AND

3. Slopes within the 25-foot minimum towpath through native vegetation should be no steeper than 8%.
If this criteria can not be met due to site constraints, the 25-foot towpath length must be increased
1.5 feet for each percent increase in slope above 8%.

Treatment Trades

Runoff from areas subject to water quality treatment requirements may be excused from the onsite
treatment requirement if a pre-existing area of impervious surface of equivalent size and pollutant
characteristics lying within the same watershed or stream reach tributary area is treated on the project site.
Such substitution is subject to the following restrictions:

1. The pre-existing impervious surface is not currently being treated, is not required to be treated by any
phase of the proposed project, is not subject to NPDES or other permit requirements, and is not under
a compliance order or other regulatory action, AND

2. The proposal is reviewed and approved by DDES.

Untreated Discharges

If site topographic constraints are such that runoff from an area must be pumped to be treated by the water
quality facility, then DDES may allow the area to be released untreated (except for those sites draining to a
sphagnum bog wetland) provided that the following conditions are met:

1. Treatment of the constrained area by filter strip, biofiltration, or a linear sand filter is not feasible, and
a "treatment trade" as described above is not possible, AND
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SECTION1.2 COREREQUIREMENTS

2. The untreated area is less than 5,000 square feet of new PGIS and is less than 5,000 square feet of
contiguous PGIS being created through any combination of new and/or replaced impervious surface
as part of a redevelopment project.

3. Any PGPS within the area to be released untreated shall be addressed with a landscape management
plan unless otherwise exempt from Core Requirement #8.

Use of Experimental Water Quality Facilities

Treatment facilities other than those identified in Chapter 6 are allowed on an experimental basis if it can be
demonstrated they are likely to meet the pollutant removal goal for the applicable receiving water. Use of
such facilities requires an experimental design adjustment to be approved by King County according to
Section 1.4, "Adjustment Process" (p. 1-65). When sufficient data on performance has been collected and if
performance is acceptable, the new facility will be added to the appropriate water quality menu for common
USe.

Owner Responsibility for Water Quality

Regardless of the means by which a property owner chooses to meet the water quality requirements of this
manual - whether a treatment facility, a train of facilities, a tr_tment trade or an experimental treatment
facility - it is ultimately the responsibility of the property owner to ensure that runoff from their site does
not create water quality problems or degrade downstream beneficial uses. It is also ultimately the
responsibility of the property owner to ensure that the discharge from their property is not in violation of
State and Federal laws.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

1.3 SPECIAL REQUIREMENTS

This section details the following five special drainage requirements which may apply to the proposed
project depending on its location or site-specific characteristics:

• Special Requirement #1: Other Adopted Area-Specific Requirements, Section 1.3.1 (p. 1-59)

• Special Requirement #2: Floodplain/Floodway Delineation, Section 1.3.2 (p. 1-60)

• Special Requirement #3: Flood Protection Facilities, Section 1.3.3 (p. 1-61)

• Special Requirement #4: Source Control, Section 1.3.4 (p. 1-61)

• Special Requirement #5: Oil Control, Section 1.3.5 (p. 1-62).

1.3.1 SPECIAL REQUIREMENT #1:
OTI-IFR ADOPTED AREA-SPECIFIC REQUIREMENTS
This manual is one of several adopted regulations in King County which apply requirements for controlling
drainage on an area-specific basis. Special District Overlays in KCC 21A.38 and areal clearing limits in
KCC 16.82.150 (see Reference Sections 1 and 2-C) are examples of zoning and land use restrictions used
to reduce drainage impacts in certain areas of the County. Other adopted area-specific regulations include

requirements which have a more direct bearing on the drainage design of a proposed project. These
regulations include the following:

• Critical Drainage Areas (CDAs): DNR establishes CDAs in areas where flooding and/or erosion
conditions present an imminent likelihood of harm to the welfare and safety of the surrounding
community. The special requirements in CDAs typically include more restrictive flow control and
clearing standards. Maps showing CDA boundaries are available from DNR or DDES.

• Master Drainage Plans (MDPs): MDPs are comprehensive drainage plans prepared for urban
planned developments (UPDs) or other large, complex projects (described in Section 1.1.2.4).
Projects covered by a MDP must meet any adopted requirements specific to that plan.

• Basin Plans (BPs): The King County Council adopts basin plans to provide for the comprehensive
assessment of resources and to accommodate growth while controlling adverse impacts to the
environment. A basin plan may recommend specific land uses, regional capital projects, and special
drainage requirements for future development within the basin area it covers.

• Lake Management Plans (LMPs): The King County Council adopts lake management plans to

provide for comprehensive assessment of resources and to accommodate growth while controlling
adverse impacts from nutrient loading to selected lakes. A lake management plan may recommend
nutrient control through special drainage and source control requirements for proposed projects within
the area it covers.

• Shared Facility Drainage Plans (SFDPs): SFDPs are approved by King County to allow two or
more projects to share drainage facilities required by this manual. Projects covered by a SFDP must
meet any specific requirements of that plan.

Threshold Requirement

IF a proposedprojectis in a designated THEN the proposedprojectshall comply
CriticalDrainage Area or in an area included withthe drainage requirementsof the
in an adoptedmasterdrainage plan, basin CriticalDrainage Area, master drainage
plan, lake management plan,or shared plan,basin plan, lake management plan, or
facilitydrainage plan.., sharedfacility drainage plan, respectively.
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Application of this Requirement

The drainage requirements of adopted CDAs, MDPs, BPs, LMPs, and SFDPs shall be applied in addition .....
to the drainage requirements of this manual unless otherwise specified in the adopted regulation. Where

conflicts occur between the two, the drainage requirements of the adopted area-specific regulation shall --
supersede those in this manual.

Examples of drainage requirements found in other adopted area-specific regulations include the following:

• More or less stringent flow control

• More extensive water quality controls

• Forest retention requirements

• Infiltration restrictions

• Groundwater recharge provisions

• Discharge to a constructed regional flow control or conveyance facility.

Adjustments to vary from the specific drainage requirements mandated by CDAs, BPs, and LMPs may be
pursued through the adjustment process described in Section 1.4 of this manual.

Information on adopted basin plans can be found in Reference Section 2-B of this manual. Copies of all
adopted CDAs, basin plans, and lake management plans are available from DNR or DDES.

Projects covered by SFDPs shall demonstrate that the shared facility will be available by the time of

construction of the project and that all onsite requirements are met. Projects covered by a SFDP are still
required to provide any onsite controls necessary to comply with drainage requirements not addressed by
the shared facility.

1.3.2 SPECIAL REQUIREMENT #2:
FLOODPLAIN/FLOODWAY DELINEATION

Floodplains and floodways are subject to inundation during extreme events. The 10G-year floodplains are
delineated in order to minimize flooding impacts to new development and to prevent aggravation of
existing flooding problems by new development. Regulations and restrictions concerning development
within a 100-year floodplain are found in the Sensitive Areas Ordinance.

Threshold Requirement

IF a proposed I_rojectcontainsor is adjacent THEN the 100-year floodplainboundaries
to a stream, lake, wetland, orclosed (andfloodway, if availableorif
depression,or if other Kin.qCounty improvementsare Proposedwithinthe 100-
regulationsrequire studyof floodhazards.., year floodplain)basedon an approved flood

hazardstudy(describedbelow) shall be
delineated onthe site improvementplans
and profiles_and on any final subdivision
maps preparedfor the proposedproject.

Application of this Requirement

If an approved flood hazard study exists, then it may be used as the basis for delineating the floodplain and
floodway boundaries provided the study was prepared in a manner consistent with this manual and other
King County flood hazard regulations. If an approved flood hazard study does not exist, then one shall be

prepared based on the requirements described in Section 4.4.2, "Floodplain/Floodway Analysis."

Note: The site may also be located in a channel relocation migration hazard area where any new
proposed structures will have to comply with KCC 21A.24.275.
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1.3.3 SPECIALREQUIREMENT#3: FLOODPROTECTIONFACILITIES

1.3.3 SPECIAL REQUIREMENT #3:
FLOOD PROTECTION FACILITIES

Developing sites protected by levees,revetments, or berms requires a high level of confidence in their

structural integrity and performance. Proper analysis, design, and construction is necessary to protect
against the potentially catastrophic consequences if such facilities should fail.

Threshold Requirement

IF a proposedprojecteither: THEN the flood protectionfacilitiesshall be

• containsor is adjacentto a Class 1 or 2 analyzed and/ordesignedto conformwith
the Federal EmergencyManagementstream that has an existingflood
Administration(FEMA) regulations(44

protectionfacility (suchas a levee, CFR).revetment,or berm), OR

• proposesto constructa new orto modify
an existing flood protectionfacility...

Application of this Requirement

The applicant is required to demonstrate conformance with FEMA regulations using the methods specified
in Section 4.4.2. In addition, certain easement requirements (outlined in Section 4.1) must be met in order
to allow County access for maintenance of the facility.

1.3.4 SPECIAL REQUIREMENT #4: SOURCE CONTROLS

Water quality source controls prevent rainfall and runoff water from coming into contact with pollutants,
thereby reducing the likelihood that pollutants will enter public waterways and violate water quality
standards and County stormwater discharge permit limits. A Stormwater Pollution Control Manual was
prepared for citizens, businesses, and industries to identify and implement source controls for activities

that often pollute water bodies. King County provides advice on source control implementation upon
request. The County may, however, require mandatory source controls at any time through formal code
enforcement if complaints or studies reveal water quality violations or problems.

Threshold Requirement

IF a proposedprojectis either: THEN the projectmust providewater quality
sourcecontrolsapplicableto the proposed

• a commercial, industrial,or multifamily projectin accordancewiththe King Countysite development,OR
Stormwater Pollution Control Manual and

• a redevelopmentprojectproposing KingCounty Code 9.12.
improvementsto an existingcommercial,
industrial,multifamilysite...

Application of this Requirement

When applicable, structural source control measures, such as car wash pads or dumpster area roofing, shall
be shown on the site improvement plans submitted for engineering review and approval. Other
nonstructural source control measures, such as covering storage piles with plastic or isolating areas where

pollutants are used or stored, are to be implemented after occupancy and need not be addressed during the
plan review process. All commercial and industrial projects (irrespective of size) undergoing drainage
review are required to implement applicable source controls.

1998Surface Water Design Manual 9/1/98
1-61

AR 031816



SECTION1.3 SPECIALREQUIREMENTS

1.3.5 SPECIAL REQUIREMENT #5: OIL CONTROL
Projects proposing to develop or redevelopa high-use site (definedbelow) must provideoil controls in
addition to any otherwaterquality controlsrequiredby this manual. Such sites typically generate high
concentrations of oil due to high traffic turnover or the frequent transferof oil.

A high-use site is any one of the following:

• A commercial or industrial site subject to an expected average daily traffic (ADT) count equal to or
greaterthan 100 vehicles per 1,000 squarefeet of gross building area,OR

• A commercial or industrialsite subject to petroleum storage and transferin excess of 1,500 gallons
per year, not including routinely delivered heating oil, OR

• A commercial or industrialsite subject to use, storage, or maintenance of a fleet of 25 or more diesel
vehicles that are over 10tons gross weight (trucks,buses, trains,heavy equipment, etc.), OR

• A roadintersection with a measuredADT count of 25,000 vehicles or more on the main roadwayand
15,000 vehicles or more on any intersectingroadway,excluding projects proposing primarily
pedestrianor bicycle use improvements.

The oil control requirementfor high-use sites applies to all sites that generate high concentrations of oil,
regardlessof whether the project createsnew impervious surface or makes site improvements to an
existing high-use site. The traffic threshold identifiedfocuses on vehicle turnoverper square foot of
building area (tripgeneration) rather than ADT alone. This is because oil leakage is greatest when engines
are idling or cooling. In general,all-dayparking areas arenot intended to be capturedby these thresholds
except fordiesel vehicles, which tendto leakoil more than non-diesel vehicles. The petroleum storage
and transfer stipulationis intendedto addressregular transferoperations such as service stations, not
occasional filling of heating oil tanks.

Threshold Requirement

IFa proposedprojecteither:. THENthe projectmusttreat runofffrom the
high-useportionofthesiteusingoilcontrol

• developsa sitewhichwillhavehigh-use treatmentoptionsfromthe High-Usemenu
sitecharacteristics(definedabove),OR (describedbelowanddetailedinChapter6).

• is a redevelopmentprojectproposing
$100,000ormoreofimprovementstoan
existinghigh-usesite...

High-Use Menu

High-use oil control options are selected to capture anddetain oil and associated pollutants. The goal of
treatmentis to have no visible sheen forrunoffleaving the facility, or to have less than l0 mg/L total
petroleum hydrocarbonsCI'PH),dependingon the BMP. Oil control options include facilities that are
small, handle only alimited site area, andrequirefrequentmaintenance, as well as facilities that treat
largerareasand generally have less frequentmaintenanceneeds. Facility choices include catch basin
inserts, linearsand filters, and oil/waterseparators. See Chapter6 for specific facility choices and design
details.

Application of this Requirement

For high-use sites located within a larger commercial center, only the impervious surface associated with
the high-use portion of the site is subject to treatment requirements. If common parking for multiple
businesses is provided, treatment shall be applied to the number of parking stalls required for the high-use
business only. However, if the treatment collection area also receives runoff from other areas, the
treatment facility must be sized to treat all water passing through it.
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1.3.5SPECIALREQUIREMENT #5:OILCONTROL

High-useroadwayintersectionsshalltreatlaneswherevehiclesaccumulateduringthesignalcycle,
includingleftandrightturnlanesandthroughlanes,fromthebeginningoftheleftturnpocket(see
Figure1.3.5.Abelow).Ifno leftturnpocketexists,thetreatableareashallbeginatadistanceequalto
threecar-lengthsfromthestopline.Ifrunofffromtheintersectiondrainstomorethantwocollection
areasthatdonotcombinewithintheintersection,treatmentmay belimitedtoany two ofthecollection
areas.

Note: For oil control facilities to be located in public road right-of-way and maintained by King County,
only coalescing plate or baffle oil separators shall be used unless otherwise approved by a
adjustment.

Methods of Analysis

The trafficthresholdfor the High-Usemenu shallbe estimatedusinginformationfrom Trip Generation,
published by the Institute of Transportation Engineers, or from a traffic study prepared by a professional
engineer or transportation specialist with experience in traffic estimation.

I FIGURE 1.3.5..4, TREATABLE AREAS FOR HIGH-USE ROAD INTERSECTIONS I
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1.4 ADJUSTMENT PROCESS

For proposed projects subject to drainagereview by the Departmentof Development and Environmental
Services (DDES), this process is provided for the occasions when aprojectproponentdesires to vary from
one of the core or specialrequirements,or any other specific requirementor standardcontained in this
manual. Proposedadjustmentsshouldbe approvedprior to final permit approval,but they may be
accepted up to the time King County approvesfinal constructionor accepts drainagefacilities for
maintenance. The adjustment applicationform(one standardform serves all types of adjustments) is
included in Reference Section 8-J.

Typesof Adjustments

To facilitate the adjustment process and timely review of adjustment proposals, the following types of
adjustments are provided:

• Standard Adjustments: These are adjustments of the standards and requirements contained in the
following chapters and sections of this manual:

* Chapter 2, "Drainage Plan Submittal"

* Chapter 4, "Conveyance System Analysis and Design"

* Chapter 5, "Flow Control Design"

* Appendix C, Small Site Drainage Requirements (detached)

* Appendix D, Erosion and Sediment Control Standards (detached).

Requests for standard adjustments will be accepted only for permits pending approval or approved
permits which have not yet expired.

• Complex Adjustments: Complex adjustments typically require more in-depth review because they
deal with more complicated requirements or requirements that affect basic County policies or other
agencies. These adjustments deviate from the requirements contained in the following chapters and
sections of this manual:

* Chapter 1, "Drainage Review and Requirements"

* Chapter 3, "Hydrologic Analysis and Design"

* Chapter 6, "Water Quality Design"

* Appendix A, "Maintenance Standards"

* Appendix B, "Master Drainage Plans."

Requests for complex adjustments will be accepted only for permits pending approval or approved
permits which have not yet expired.

• Preapplication Adjustments: This type of adjustment may be requested when the applicant needs an
adjustment decision to determine if a project is feasible or when the results are needed to determine if
a project is viable before fundinga full application. The approvalof preapplicationadjustmentsis tied
by condition to the projectproposalpresentedat a preapplicationmeeting with DDES.

• Experimental Design Adjustments: This type of adjustmentis used forproposingnew designs or
methods that are not covered in this manual, that are not uniquelysite specific, and that do not have
sufficient datato establish functional equivalence.

• Blanket Adjustments: This type of adjustmentmaybe establishedby the Countybased on approval
of any of the above-mentionedadjustments. Blanketadjustmentsareusuallybased on previously
approvedadjustments that can be applied routinely or globally to all projectswhere appropriate.
Blanket adjustmentsare also used to effect minor changes or correctionsto manual design
requirementsor to addnew designs and methodologies to this manual.
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SECTION 1.4 ADJUSTMENT PROCESS

1.4.1 ADJUSTMENT AUTHORITY

The Department of Development and Environmental Services (DDES) shall have full authority to
determine if and what type of adjustment is required for any proposed project subject to drainage review
by DDES. The authority to grant adjustments for such projects is distributed as follows:

• DDES shall have full authority to approve or deny standard, complex, and preapplication adjustments.

• DNR shall have full authority to approve or deny experimental design adjustments.

• Both DDES and DNR must approve blanket adjustments.

At any time, this adjustment authority may be transferred between DDES and DNR through a
memorandum or an amendment to this manual. This memorandum or amendment must include specific
guidelines for deferral of adjustment authority.

1.4.2 CRITERIA FOR GRANTING ADJUSTMENTS

Adjustments to the requirements in this manual may be granted provided that granting the adjustment will
achieve the following:

1. Produce a compensating or comparable result that is in the public interest, AND

2. Meet the objectives of safety, function, appearance, environmental protection, and maintainability
based on sound engineering judgment.

Where it has been demonstrated that meeting the criteria for producing a compensating or comparable
result will deny reasonable use of a property, the applicant shall produce the best practicable alternative as
determined by the director of DDES. The director or his/her designee shall assess the case to affirm that

denial of reasonable use would occur and to require the practicable alternative that best achieves the spirit
and intent of the requirement. DDES staff shall provide recommendations to the director on the best
practicable alternative to be required.

Granting any adjustment that would be in conflict with the requirements of any other King County
department will require review and concurrence with that department.

Experimental Design Adjustments

Experimental design adjustments that request use of an experimental water quality facility or flow control

facility will be approved by DNR on a limited basis if, upon evaluation, DNR agrees the following criteria
are met:

1. The new design is likely to meet the identified target pollutant removal goal or flow control
performance based on limited data and theoretical considerations, AND

2. Construction of the facility can, in practice, be successfully carried out, AND

3. Maintenance considerations are included in the design, and costs are not excessive or are born and
reliably performed by the applicant or property owner, AND

4. A share of the cost of monitoring to determine facility performance is contributed by the applicant or
property owner.

Conditions for approval of these adjustments may include a requirement for setting aside an extra area and
posting a financial guarantee for construction of a conventional facility should the experimental facility
fail. Once satisfactory operation of the experimental facility is verified, the set aside area could be
developed and the financial guarantee released.
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1.4.4 ADJUSTMENTREVIEWPROCESS

1.4.3 ADJUSTMENT APPLICATION PROCESS

StandardandComplexAdjustments
The application process for standardandcomplex adjustments is as follows:

• Requests for standardand complex adjustmentswill be acceptedonly forpermits pending approval or
approvedpermits which have not yet expired.

• The completed adjustmentrequestapplicationforms must be submittedto DDES along with sufficient
engineering information(describedin Chapter2) to evaluate the request. The application shall note
the specific requirementforwhich the adjustmentis sought.

• If the adjustmentrequest involves use of a previously unapprovedconstructionmaterial or
constructionpractice, the applicantshould submitdocumentationthat includes, but is not limited to, a
recordof successful use by otheragencies and/orevidence of meeting criteria for quality and
performance, such as thatfor the AmericanAssociation of StateHighway andTransportationOfficials
(AASHTO) and the American Society of Testing and Materials (ASTM).

• A fee reduction may be requested if it is demonstrated that the adjustment request requires little or no
engineering review.

PreapplicationAdjustments
The application process is the same as for standard and complex adjustments except that requests will be
accepted prior to permit application, but only if:

• The applicant provides justification at a preapplication meeting with DDES that an adjustment
decision is needed to determine the viability of the proposed project, AND

• Sufficient engineering information to evaluate the request is provided.

Experimental Design Adjustments

The application process is the same as for standard and complex adjustments except that requests will be
accepted prior to permit application.

BlanketAdjustments
There is no application process for blanket adjustments because they are initiated and issued solely by the
County.

1.4.4 ADJUSTMENT REVIEW PROCESS

All adjustments areclassified as Type 1 land use decisions in King County Code, Title 20, and as such, are
governed by the review proceduresand time lines set forth in KCC 20. Consistent with these procedures,
the general steps of the review process for specific types of adjustmentsare presentedas follows.

Standard and Complex Adjustments

• DDES staff will review the adjustment request application forms and documentation for completeness
and inform the applicant in writing as to whether additional information is required from the applicant
in order to complete the review. The applicant will also be informed if DDES determines that special
technical support is required from DNR in cases where the adjustment involves a major policy issue or
potentially impacts a DNR drainage facility.

• The Land Use Services Division Manager/designee or Building Services Division Manager/designee
of DDES will review and eitherapprove or deny the adjustment request following DDES's
determination that all necessary information has been received from the applicant.
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• Approvals of standard and complex adjustments will expire upon expiration of the permit to which
they apply.

PreapplicationAdjustments

The review process is the same as for standard and complex adjustments except that approvals will expire
one year after the approval date, unless a complete permit application is submitted and accepted.

ExperimentalDesignAdjustments

• DDES staff will referrequests for experimental design adjustments to DNR staff, along with any
recommendations.

• DNR staff will review the submitted material and any DDES staff recommendations, and inform the
applicant asto whether additional information is required in order to complete the review. DNR will
also inform the applicant as to how much time is estimated to complete the review.

• The DNR director or designee will review and either approve or deny the adjustment request in
writing.

Blanket Adjustments

Blanket adjustments will each be established by memorandum between DDES and DNR based on:

1. A previously approved standard, complex, preapplication, or experimental design adjustment and
supporting documentation, AND

2. Information presenting the need for the blanket adjustment. Typically, blanket adjustments should
apply globally to design or procedural requirements and be independent of site conditions.

Both DDES and DNR must approve a blanket adjustment.

1.4.5 APPEAL PROCEDURE

The applicant may appeal the denial or approval conditions of an adjustment request by submitting a
formal letter to the director of the department in which the decision was made within 15 working days of
the decision. This letter must include justification for review of the decision, along with a copy of the
adjustment request with the conditions (if applicable) and a listing of all previously submitted material.
The department director shall respond to the applicant in writing within 15 working days; this decision
shall be final. A per-hour review fee will be charged to the applicant for County review of an appeal.
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CHAPTER 2
DRAINAGE PLAN SUBMITTAL

This chapter details the drainage related submittal requirements for engineering design plans as part of a
permit application to the Department of Development and Environmental Services (DDES). The intent of
these requirements is to present consistent formats for design plans and the technical support data required
to develop the plans. These conventions axenecessary to review engineering designs for compliance with
King County ordinances and regulations, and to ensure the intent of the plan is easily understood and
implemented in the field. Properly drafted design plans and supporting information also facilitate the
construction, operation, and maintenance of the proposed system long after its review and approval. When
plans comply with the formats and specifications contained herein, they facilitate review and approval with
a minimum of time-consuming corrections and resubmittals.

Note that this chapter primarily describes how to submit drainage plans for review--what must be
submitted, in what formats, at what times and to what offices. The basic drainage requirements that these
plans must address axecontained in Chapter 1, "Drainage Review and Requirements." The specific design
methods and criteriato be used are contained in Chapters 3, 4, 5, and 6.

Several key forms used in the plan review process are reproduced in Reference Section 8, "Plan Review
Forms and Worksheets." The drainage submittal requirements for different types of developments are
contained in this chapter with the exception of Master Drainage Plans, which are contained in a separate
publication titled Master Drainage Planning for Large or Complex Site Developments, available from the
King County Department of Natural Resources (DNR) or DDES. For information on general
requirements for any permit type and on the appropriate submittal location, refer to the customer
information bulletins prepared by DDES for this purpose.

Chapter Organization

The information presented in this chapter is organized into four main sections as follows:

• Section 2.1, "Plans for Permits and Drainage Review" (p. 2-3)

• Section 2.2, "Plans Required with Initial Permit Application" (p. 2-5)

• Section 2.3, "Plans Required for Drainage Review" (p. 2-7)

• Section 2.4, "Plans Required After Drainage Review" (p. 2-29).

These sections begin on odd pages so that tabs can be inserted by the user if desired for quicker reference.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

2.1 PLANS FOR PERMITS AND DRAINAGE REVIEW

DDES is responsible for the review of all engineeringaspects of privatedevelopment proposals. Drainage
review is a primaryconcernof engineeringdesign. This section describesthe types of engineered
drainage plans requiredfor engineeringreview at various permitreview stages. Refer to the DDES
customer information bulletins for other details or requirements, such as the submittal and expiration
periods set for each type ofpermit application, review fees, right-of-way use requirements, and other code
requirements.

Q PLANS REQUIRED FOR PERMIT SUBMITTAL

Most projects require some degree of drainage plans or analysis to be submitted with the initial permit
application (see Table 2.2.1.A, p. 2-4). Subdivisions, urban plan developments (UPDs), and binding site
plans require engineered preliminary plans be submitted with the initial permit application. Short plats
require plot plans (may be engineered or non-engineered) to be submitted with the initial permit
application. Preliminaryplans and plot plans provide general information on the proposal, including
location of sensitive areas, road alignments and right-of-way, sitetopography, building locations, land use
information, and lot dimensions. They are used to determine the appropriatedrainage conditions and
requirements to be applied to the proposal during the drainagereview process.

Single family residential building permits and short plats with one undeveloped lot require only a site plan
with the initial permit application. Commercial permits require full engineering plans (see below). Other
permits may have project specific drainage requirements determined by DDES or described in DDES
customer information bulletins.

[2 PLANSREQUIREDFORDRAINAGEREVIEW

For drainagereview purposes, engineering plans consist of the following:

1. Site improvement plans, which includeall plans, profiles, details, notes, and specifications necessary
to construct road,drainage,and off-streetparking improvements(see Section 2.3.1.2, p. 2-17).

2. A technical information report (TIR), which contains all the technical information and analysis
necessary to develop the site improvement plan (see Section 2.3.1.1, p. 2-8).

3. An erosion and sediment control (ESC) plan (see Section 2.3.1.3, p. 2-24).

Note: A landscape management plan is also included if applicable (see Section 2.3.1.4, p. 2.26).

Projects under Targeted Drainage Review usually require engineering plans, except that only certain
sections of the technical information report are required to be completed and the site improvement plan
may have a limited scope depending upon the characteristics of the proposed project. The scope of these
plans should be conf'n'medduring the project predesign meeting with DDES. For other permits, such as
single family residential permits, the scope of the targeted engineering analysis is usually determined
duringDDES engineering review.

Projects without major drainage improvements may be approved to submit a modified site
improvement plan. Major drainage improvements usuaUy include water quality or flow control facilities,
conveyance systems, bridges, and road right-of-way improvements. For projects requiring engineering
plans for road construction, a modified site improvement plan is not allowed. See Section 2.3.1.2,
(p. 2-17) for further information.

PlansRequiredfor SmallSite DrainageReview
Small site drainage plans are a simplified form of site improvement and ESC plans (without a TIR) which
can be prepared by a non-engineer from a set of pre-engineered design details. Small site drainage plans
are only allowed for projects in Small Site Drainage Review.
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SECTION2.1 PLANS FOR PERMITSAND DRAINAGEREVIEW

For single family residential permits, the level and scope of drainage plan requirements are determined by
DDES during drainage review. Some projects qualifying for Small Site Drainage Review may also
require Targeted Drainage Review.

TABLE2.2.1.A DRAINAGE PLAN SUBMITTALS

Type of Permit Plans Required with Type of Plans Required for
or Project Initial Permit Application Drainage Review Drainage Review

SUBDIVISIONS, Plat Map(s) FullorTargeted Drainage • PreliminaryPlans(s)
UPDs, AND PreliminaryPlans Reviewt_) - EngineeringPlans(_)BINDING SITE Level 1 Downstream
PLANS Analysis

Large Site Drainage • PreliminaryPlans(s)
Review = Master Drainage Plan(4)or

Special Study
° EngineeringPlans°)

SHORT PLATS Plot Plan(s) ISmall Site Drainage Small Site Drainage Plans(s)
i Review

PlotPlan(s) Small Site Drainage ° Small Site Drainage Plans(3)

Level 1 Downstream Review AND Targeted ° EngineeringPlans°)
Analysis Drainage Review_=)

Fullor Targeted Drainage EngineeringPlans°)
Review(=)

I
COMMERCIAL EngineeringPlans(1)'(2) Fullor Targeted Drainage _EngineeringPlans(1)

Review

Small Site Drainage _SmallSite Drainage Plans(3)
Review

SINGLE FAMILY
RESIDENTIAL Site Plants) Small Site Drainage • Small Site Drainage Plans(a)

ReviewAND Targeted
BUILDING Drainage Reviewr_) ,° Engineering Plans(_)PERMITS

Fullor Targeted Drainage EngineeringPlans°)
Review(=)

OTHER Project-specific(contact Fullor Targeted Drainage EngineeringPlans°)
PROJECTS OR DDES or use DDES Review(z)
PERMITS customerinformation

bulletins)

Notes:

(1) Submittalspecificationsfor engineering plans are detailed in Section 2.3.1 (p. 2-7).
(=) Submittalspecificationsfor Targeted Drainage Review are found in Section 2.3.2 (p.2-27).

(a) Specificationsfor submittalof small site drainage plans are found inAppendixC, Small Site Drainage
Requirements (detached).

(4) Specificationsfor submittalof master drainage plans or special studies are found in the KingCounty
publicationtitled Master Drainage Planning for Large or Complex Site Developments.

(s) Submittalspecificationsfor these plans are foundinthe applicationpackages and in DDES Customer
informationBulletins.

L_
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

2.2 PLANS REQUIRED WITH INITIAL PERMIT APPLICATION

This section describes the submittal requirements for initial permit applications at DDES. The timing for
submittal of engineering plans wilI vary depending on permit type. For subdivisions and short plats, this
submittal usually follows the County's approval of preliminary plans. For commercial building permits,

engineering plans must be submitted as part of the initial permit application. For other permit types the
drainage plan requirements are determined during the permit review process.

Note: If engineering plans are required to be submitted with the initial permit application, they must be
accompanied by the appropriate supporting documents (e.g., required application forms, an
environmental checklist, etc.). For more details, see Reference Section 8 of this manual and DDES
customer information bulletins.

Design Plan Certification

All preliminary plans and engineering plans must be stamped by a licensed civil engineer registered in
the State of Washington.

All land boundary surveys and legal descriptions used for preliminary and engineering plans must be
stamped by a professional land surveyor registered in the State of Washington. Topographic survey data
and mapping prepared specifically for a proposed project may be performed by the licensed civil engineer
stamping the engineering plans as allowed by the Washington State Board of Registration for Professional
Engineers and Land Surveyors.

2.2.1 SUBDIVISION, UPD, AND BINDING SITE PLANS

_ Applications for proposed subdivision, UPD, and binding site plan projects must include engineered
preliminary plans, which are used to help determine engineering plan requirements to recommend to the
Hearing Examiner. Preliminary plans shall include the following:

1. A conceptual drainage plan prepared, stamped, and signed by a licensed civil engineer registered in
the State of Washington. This plan must show the location and type of the following:

a) Existing and proposed flow control facilities

b) Existing and proposed water quality facilities

c) Existing and proposed conveyance systems.

The level of detail of the plan should correspond to the complexity of the project.

2. A Level 1 Downstream Analysis as required in Core Requirement #2 and outlined under "TIR
Section 3, Offsite Analysis" (p. 2-9). This offsite analysis shall be submitted in order to assess

potential offsite drainage impacts associated with development of the project, and to help propose
appropriate mitigation of those impacts. A higher level of offsite analysis may be requested by DDES
prior to preliminary approval, or as a condition of engineering plan submittal. The offsite analysis
must be prepared, stamped, and signed by a licensed civil engineer registered in the State of
Washingto n.

3. Survey/topographic information. The submitted site plan and conceptual drainage plan shall
include the following:

a) Field topographic base map to accompany application (aerial topography allowed with DDES
permission)

b) Name and address of surveyor and surveyor's seal and signature

c) Notation for field or aerial survey
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SECTION 2.2 PLANS REQUIRED WITH INITIALPERMITAPPLICATION

d) Datum andbenchmark/locationandbasisofelevation

e) Location of all sensitive areas (include the King County designation number, or identify as .-.
undesignated)

f) Contour intervals per the following chart:

Zoning Designation Contour Intervals

Densities of developed area of 2 feet at less than 15% slope
over 2 DU per acre 5 feet at 15% slope or more

Densitiesof developed area of 5 feet
2 DU or less per acre

2.2.2 SHORT SUBDIVISIONS

Applications for proposed short plats I require a plot plan (simplified preliminary plan) and a Level 1
Downstream Analysis. Plot plans are usually engineered, except for projects exempt from drainage
review or qualifying for Small Site Drainage Review for the entire project. The specifications for
submittal of plot plans are outlined in DOES customer information bulletins.

The Level 1 Downstream Analysis is required for all short plats except those meeting the exemptions

outlined in Section 1.2.2 or qualifying for Small Site Drainage Review for the entire project. A higher
level of offsite analysis may be requested by DOES prior to preliminary approval, or as a condition of
engineering plan submittal.

2.2.3 COMMERCIAL SITE DEVELOPMFNT

Applicationsforcommercialpermitsrequirethatengineeringplansbe submittedaspartoftheinitial

permitapplication.Most commercialprojectswillgothroughFullDrainageReviewandrequirecomplete

engineeringplans.Projectswhichmay qualifyforlimitedscopeengineeringdesignshouldrequest
TargetedDrainageReview duringthepreapplicationmeetingwithDOES.

2.2.4 SINGLE FAMILY RESIDENTIAL

Applications for single family residential permits 1require a non-engineered site plan to be submitted. The
specifications for site plans are outlined in DDES customer information bulletins.

2.2.5 OTHER PERMITS

Other permit applications 1 will require project-specific information. Initial submittal requirements can be
obtained by contacting DDES or consulting the DDES customer information bulletins.

Thespecificlevelofrequireddrainageanalysisanddesignisusuallydeterminedduringthepreliminarydrainagereviewof the
planssubmittedwiththeapplication.THeoverallplanreviewprocessmaybeexpeditedifthe projectissubmittedwiththe
appropriatelevelofdetail. _--
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

2.3 PLANS REQUIRED FOR DRAINAGE REVIEW

This section presents the specifications and contents required of plans to facilitate drainage review. Most
projects subject to Full Drainage Review will require engineering plans that include a technical
information report (TIR), site improvement plans, and an erosion and sediment control (ESC) plan.

In addition, a landscape management plan may also be required to comply with Core Requirement #8
(see Section 1.2.8). For more information on the types of projects subject to Full Drainage Review, see
Section 1.1.2.3.

Small projects with specific drainage concerns that are subject to Targeted Drainage Review, also

require engineering plans that include the same elements, except that the TIR may be of limited scope.
The site improvement plans and ESC plans may also be of limited scope, but must meet all applicable
specifications. For more information on the types of projects subject to Targeted Drainage Review, see
Section 1.1.2.2.

Projects which qualify for Small Site Drainage Review may be required to submit small site drainage
plans. These are simplified drainage and erosion control plans which can be prepared by a non-engineer
from a set of pre-engineered design details, and which do not require a TIR. The Small Site Drainage
Requirements booklet available at DDES and appended to this manual (detached Appendix C) contains
the specifications for small site drainage plans and details on the Small Site Drainage Review process.

Note: Projects in Small Site Drainage Review may be required to submit engineering plans if they are
also subject to Targeted Drainage Review as determined in Section 1.1.2.2 and Appendix C. Also, short
plats in Small Site Drainage Review will be required to submit engineering plans if roadway construction
is a condition of preliminary approval.

Design Plan Certification

All preliminary plans and engineering plans must be stamped by a licensed civil engineer registered in the
State of Washington.

All land boundary surveys, and legal descriptions used for preliminary and engineering plans must be
stamped by a professional land surveyor registered in the State of Washington. Topographic survey data
and mapping prepared specifically for a proposed project may be performed by the licensed civil engineer
stamping the engineering plans as allowed by the Washington State Board of Registration for Professional
Engineers and Land Surveyors.

2.3.1 ENGINEERING PLAN SPECIFICATIONS
For drainage review purposes, engineering plans must consist of the following:

1. A technical information report (TIR) as detailed in Section 2.3.1.1 (p. 2-8), AND

2. Site improvement plans as detailed in Section 2.3.1.2 (p. 2-17), AND

3. An erosion and sediment control (ESC) plan as detailed in Section 2.3.1.3 (p. 2-24).

Also, if applicable per Section 1.2.8, a landscape management plan, as detailed in Section 2.3.1.4
(p. 2-26), must be included.

Projects in Targeted Drainage Review require a limited scope TIR with site improvement plans and an
ESC plan, as derailed in Section 2.3.2 (p. 2-27). DDES may allow a modified site improvement plan for

some projects in Targeted Drainage Review (see Section 2.3.2, p. 2-27) or where major improvements
(e.g., detention facilities, conveyance systems, bridges, road right-of-way improvements, etc.) axe not
proposed.
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SECTION2.3 PLANSREQUIREDFORDRAINAGEREVIEW

2.3.1.1 TECHNICAL INFORMATION REPORT (TIR) ....

The full TIRshouldbe a comprehensivesupplementalreportcontaining all technical informationand
analysis necessaryto develop the site improvementplan. This report should contain all calculations,
conceptual design analysis, reports,and studies requiredand used to constructa complete site improvement
plan based on sound engineering practices and caleful geotechnical and hydrological design. The TIP, must
be stamped and datedby a licensed civil engineer registered in the State of Washington.

The TIR shall contain the following ten sectious, preceded by a table of contents:

I. Project Overview

2. Conditions and Requirements Summary

3. Offsite Analysis

4. Flow Control and Water Quality Facility Analysis and Design

5. Conveyance System Analysis and Design

6. Special Reports and Studies

7. Other Permits

8. ESC Analysis and Design

9. Bond Quantities, Facility Summaries, and Declaration of Covenant

10. Operations and Maintenance Manual.

Every TIR must contain each of these sections; however, if a section does not apply, the applicant may
simply mark "N/A" with a brief explanation. This standardized format allows a quicker, more efficient
review of information required to supplement the site improvement plan.

The table of contents should include a list of the ten section headings and their respective page numbers,
a list of tables with page numbers,and a list of numbered references, attachments, andappendices.

When the TIRpackage requiresrevisious, the revisions must be submitted in a complete TIR package.

El TIRSECTION1
PROJECTOVERVIEW

The project overview must provide a general description of the proposal, predeveloped and developed
conditions of the site, site area and size of the improvements, and the disposition of stormwater runoff
before and after development. The overview shall identify and discuss difficult site parameters, the natural
drainage system, and drainage to and from adjacent property, including bypass flows.

The following figures are required:

Figure 1. TIRWorksheet
Include a copy of the TIR Worksheet (see Reference Section 8-A).

Figure 2. Site Location

Provide a map that shows the general location of the site. Identify all roads that border the site and all
significant geographic features and sensitive areas (lakes, streams, steep slopes, etc.).

Figure3. DrainageBasins,Subbasins,andSite Characteristics
This figure shall display the following:

1. Show acreage of subbasins.

2. Identify all site characteristics.

3. Show existing discharge points to and from the site.
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2.3.1 ENGINEERINGPLANSPECIFICATIONS--TIR

4. Show routes of existing, construction, and future flows at all dischargepoints and downstream
hydraulic structures.

5. Use a minimum USGS 1:2400 topographic map as a base for the figure.

6. Show (and cite) the length of travel from the farthest upstream end of a proposed storm system in the
development to any proposed flow control facility.

Figure 4. Soils

Show the soils within the following areas:

1. The project site

2. The area draining to the site

3. The drainage system downstream of the site for the distance of the downstream analysis (see Section
1.2.2).

Copies of King County Soil Survey maps may be used; however, if the maps do not 'accurately represent
the soils for a proposed project (including offsite areas of concern), it is the design engineer's
responsibility to ensure that the actual soil types are properly mapped. Soil classification symbols which
conform to the SCS Soil Survey for King County shall be used, and the equivalent KCRTS soil type (till,
outwash, or wetlands) shall be indicated (see Table 3.2.2.B).

All urban plats and short plats (creating lots less than 22,000 square feet) must evaluate onsite soils for
suitability for roof downspout infiltration as detailed in Section 5.1.1. This soils report, as well as
geotechnical investigations necessary forproposed infiltration facilities, should be referenced in the TIR
Overview and submitted under Special Reportsand Studies, TIR Section VI. A figure in the required
geotechnical report that meets the above requirements may be referenced to satisfy 1, 2, and 3 above.

Q TIR SECTION 2
CONDmONS AND REQUIREMENTS SUMMARY

The intent of this section is to ensure all preliminary approval conditions and applicable requirements
pertaining to site engineering issues have been addressed in the site improvement plan. All conditions and
requirements for the proposed project should be included.

In addition to the core requirements of this manual, adopted basin plans and other plans as listed in
Special Requirement #1 should be reviewed and applicable requirements noted. Sensitive area
requirements, conditions of plat approval, and conditions associated with development requirements (e.g.,
conditional use permits, rezones, variances and adjustments, SEPA mitigations, etc.) should also be
included.

TIR SECTION 3
OFFSlTE ANALYSIS

All projects in engineering review shall complete, at a minimum, an Offsite Analysis, except for projects
meeting the exemptions outlined in Section 1.2.2. The Offsite Analysis is usually completed as part of the
initial permit application and review process, and is to be included in the TIR. Note: Ifoffsite conditions
have been altered since the initial submittal, a new offsite analysis may be required.

The primary component of the offsite analysis is the downstream analysis described in detail below.
Upstream areas are included in this component to the extent they are expected to be affected by backwater
effects from the proposed project. Other components of the offsite analysis could include, but are not
limited to, evaluation of impacts to fish habitat, groundwater levels, groundwater quality, or other
environmental features expected to be significantly impacted by the proposed project due to its size or
proximity to suchfeatures.
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SECTION2.3 PLANSREQUIREDFORDRAINAGEREVIEW

Levels of Analysis

The offsite analysis report requirements vary dependingon the specific site and downstream conditions.
Each project submittal shall include at least a Level 1downstream analysis. Upon review of the Level 1
analysis, DDES may require a Level 2 or Level 3 analysis. If conditions warrant, additional, more detailed
analysis may be required. Note: Potential impacts upstream of the proposal shall also be evaluated.

Level 1 Analysis

The Level I analysis is a qualitative survey of each downstream system leaving a site. This analysis is
required for all proposed projects and shall be submitted with the initial permit application.
Depending on the findings of the Level 1 analysis, a Level 2 or 3 analysis may need to be completed
or additional information may be required. If further analysis is required, the applicant may schedule
a meeting with DDES staff.

Level 2 or 3 Analysis

If problems are identified in the Level 1 analysis, a Level 2 (rough quantitative) analysis or a Level 3
(more precise quantitative) analysis may be required to further evaluate proposed mitigation for the
problem. DDES staff will determine whether a Level 2 or 3 analysis is required based on the evidence
of existing or potential problems identified in the Level I analysis and on the proposed design of
onsite drainage facilities. The Level 3 analysis is required when results need to be as accurate as
possible: for example, if the site is flat; if the system is affected by downstream controls; if minor
changes in the drainage system could flood roads or buildings; or if the proposed project will
contribute more than 15percent of the total peak flow to the drainage problem location. The Level 2
or 3 analysis may not be required if DDES determines from the Level 1analysis that adequate
mitigation can be developed.

Additional Analysis

Additional, more detailed hydrologic analysis may be required if DDES determines that the
downstream analysis has not been sufficient to accuratelydeterminethe impacts of a proposed project
on an existing or potential drainageproblem. This more detailed analysis may include a point of
compliance analysis as detailed in Section 3.3.6.

Scope of Analysis

Regardless of the level of downstream analysis required,the applicant shall define and map the study area
(Task 1), review resources (Task 2), inspect the study area(Task3), describe the drainage system and
problems (Task 4), and propose mitigation measures (Task 5) asdescribed below.

Task 1. Study Area Def'mition and Maps

For the purposes of Task 2 below, the study area shall extend downstreamone mile (minimum
towpath distance) from the proposed project discharge location and shall extend upstream as
necessary to encompass the offsite drainageareatributaryto the proposed projectsite. For the
purposes of Tasks 3, 4, and 5, the study area shall extend downstream to a point on the drainage
system where the proposed project site constitutes a minimum of 15 percent of the total tributary
drainagearea,but not less thanone-quartermile (minimum flowpath distance). The study areashall
also extend upstream of the project site a distance sufficient to preclude any back watereffects from
the proposed project.

The offsite analysis shall include (1) a site map showingproperty lines, and (2) the best available
topographical map (e.g., from DDES, Department of Transportationmap Counter, Sewer District, or
at a minimum a USGS 1:24000 QuadrangleTopographic map) with the study area boundaries, site
boundaries, downstream flowpath, and potential/existing problems (Task 4) shown. Other maps,
diagrams,and photographssuch as aerial photos may be helpful in describing the study area.

Task 2. Resource Review

To assist the design engineer in preparingan offsite analysis, King County has gathered information
regarding existing and potential flooding and erosionproblems. For all levels of analysis, all of the
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2.3.1 ENGINEERINGPLAN SPECIFICATIONS--TIR

resources described below shall be reviewed for existing/potential problems in the study area
(upstream and one mile downstream of the project site):

• Adopted basin plans (available at DDES, DNR, and the library)

• Finalized drainage studies (available at DNR Water and Land Resources Division)

• Basin Reconnaissance Summary Reports and 1"--400' scale problem summary maps (available
at DDES, DNtL and the library)

• Critical Drainage Area maps (available at DDES)

• Floodplain/floodway (FEMA) maps (available at DDES and the library)

• Other offsite analysis reports in the same subbasin, if available (check with DDES records staff)

• Sensitive Areas Folio (available at DDES, DNR and the library - must be used to document the
distance downstream from proposed project to nearest sensitive areas identified in the folio)

• DNR drainage problems maps (available at DNR Water and Land Resources Division)

• Road drainage problems (check with the DOT Roads Maintenance and Operations Division)

• U.S. Department of Agriculture, King County Soils Survey (available at DDES and the library)

• Wetlands Inventory maps (available at DDES and DNR)

• Migrating river studies (available at DDES and the DNR Water and Land Resources Division)

Potential/existing problems identified in the above documents shall be documented in the Drainage
System Table (see Reference Section 8-B) as well as described in the text of the Level 1
Downstream Analysis Report. If a document is not available for the site, note in the report that the
information was not available as of a particular date. If necessary, additional resources are available
from King County, the Washington State Department of Fisheries and Wildlife (WDFW), the State
Department of Ecology (DOE), the United States Army Corps of Engineers (Corps), and the public
works departments of other municipalities in the vicinity of the proposed project site.

Task 3. Field Inspection

The design engineer shall physically inspect the existing on- and offsite drainage systems of the study
area for each discharge location. Specifically, he/she shall investigate any evidence of the following
existing or potential problems and drainage features:

Level I Inspection:

1. Investigate any problems reported or observed during the resource review.

2. Locate all existing/potential constrictions or lack of capacity in the existing drainage system.

3. Identify all existing/potential flooding or nuisance problems as defined in Section 1.2.2.1.

4. Identify existing/potential overtopping, scouring, bank sloughing, or sedimentation.

5. Identify significant destruction of aquatic habitat or organisms (e.g., severe siltation, bank
erosion, or incision in a stream).

6. Collect qualitative data on features such as land use, impervious surfaces, topography, and
soil types.

7. Collect information on pipe sizes, channel characteristics, drainage structures, and sensitive
areas (e.g., wetlands, streams, steep slopes).

8. Verify tributary basins delineated in Task 1.

9. Contact neighboring property owners or residents in the area about past or existing drainage
problems, and describe these in the report (optional).

10. Note the date and weather conditions at the time of the inspection.
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SECTION2.3 PLANSREQUIREDFORDRAINAGEREVIEW

Level 2 or 3 Inspection:

1. Perform a Level 1 Inspection.

2. Document existing site conditions (approved drainage systems or pre-1979 aerial
photographs) as defined in Core Requirement #3.

3. Collect quantitative field data. For Level 2, collect non-survey field data using hand tapes,
hand reel, and rods; for Level 3, collect field survey profile and cross-section topographic
data prepared by an experienced surveyor.

Task 4. Drainage System Description and Problem Descriptions

Each drainage system component and problem shall be addressed in the offsite analysis report in three
places: on a map (Task 1), in the narrative (Task 4), and in the Offsite Analysis Drainage System
Table (see Reference Section 8-B).

Drainage System Descriptions: The following information about drainage system components such
as pipes, culverts, bridges, ouffalls, ponds, tanks, and vaults shall be included in the report:

1. Location (corresponding map label and distance downstream/upstream from site discharge)

2. Physical description (type, size, length, slope, vegetation, and land cover)

3. Problems

4. Field observations.

Problem Descriptions: All existing or potential problems (e.g., pending water, high/low flows,
siltation, erosion, etc.) identified in the resource review or field inspection shall be described in the
offsite analysis. These descriptions will help in determining if such problems are one of three defined

problem types that require special attention per Core Requirement #2 (see Section 1.2.2.1). Special
attention may include more analysis, additional flow control, or other onsite or offsite mitigation
measures as specified by the problem-specific mitigation requirements set forth in Section 1.2.2.2.

The following information shall be provided for each existing or potential problem:

1. Description of the problem (pending water, high or low flows, siltation, erosion, slides, etc.).

2. Magnitude of or damage caused by the problem (siltation of ponds, dried-up ornamental ponds,
road inundation, flooded property, flooded building, flooded septic system, significant destruction
of aquatic habitat or organisms).

3. General frequency and duration of problem (dates and times the problem occurred, if available).

4. Return frequency of storm or flow (cfs) of the water when the problem occurs (optional for Level
1 and required for Levels 2 and 3). Note: A Level 2 or 3 analysis may be required to accurately
identify the return frequency of a particular downstream problem; see Section 3.3.3.

5. Water surface elevation when the problem occurs (e.g., elevation of building foundation, crest of
roadway, elevation of septic drainfields, or wetland/stream high water mark).

6. Names and concerns of involved parties (optional for all levels of analysis).

7. Current mitigation of the problem.

8. Possible cause of the problem.

9. Whether the proposed project is likely to aggravate (increase the frequency or severity of) the
existing problem or create a new one based on the above information. For example, an existing
erosion problem should not be aggravated if Level 2 flow control is already required in the region
for the design of onsite flow control facilities. Conversely, a downstream flooding problem

inundating a home every 2 to 5 years will likely be aggravated if only Level 1 flow control is
being applied in the region. See Section 1.2.3.1 for more details on the effectiveness of flow
control standards in addressing downstream problems.
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Task 5. Mitigation of Existing or Potential Problems

For any existing or potential offsite drainage problem determined to be one of the three defined
problem types in Section 1.2.2.1, the design engineer must demonstrate that the proposed project
neither aggravates (if existing) nor creates the problem as specified in the problem-specific mitigation
requirements set forth in Section 1.2.2.2. To meet these requirements, the proposed project may need
to provide additional onsite flow control as specified in Table 1.2.3.A (see also Section 3.3.5), or other
onsite or offsite mitigation measures as described in Section 3.3.5.

Q TIR SECTION 4
FLOW CONTROL AND WATER QUALITY FACILITY ANALYSIS AND DESIGN

Existing Site Hydrology (Part A)

This section of the TIP, should include a discussion of assumptions and site parameters used in analyzing
the existing site hydrology.

The acreage, soil types, and land covers used to determine existing flow characteristics, along with basin
maps, graphics, and exhibits for each subbasin affected by the development, should be included.

The following information must be provided on a topographical map:

1. Delineation and acreage of areas contributing runoff to the site

2. Flow control facility location

3. Ouffall

4. Overflow route.

The scale of the map and the contour intervals must be sufficient to determine the basin and subbasin
boundaries accurately. The direction of flow, the acreage of areas contributing drainage, and the limits
of development should all be indicated on the map.

Each subbasin contained within or flowing through the site should be individually labeled and KCRTS
parameters referenced to that subbasin.

All natural streams and drainage features, including wetlands and depressions, must be shown. Rivers,
closed depressions, streams, lakes, and wetlands must have the 100-year floodplain (and floodway where
applicable) delineated as required in Special Requirement #2 (see Section 1.3.2) and by the Sensitive
Areas Ordinance and Rules.

Developed Site Hydrology (Part B)

This section should provide narrative, mathematical, and graphical presentations of parameters selected
and values used for the developed site conditions, including acreage, soil types and land covers, roadway
layouts, and all constructed drainage facilities.

Developed subbasin areas and flows should be clearly depicted on a map and cross-referenced to
computer printouts or calculation sheets. Relevant portions of the calculations should be highlighted and
tabulated in a listing of all developed subbasin flows.

All maps, exhibits, graphics, and references used to determine developed site hydrology must be included,
maintaining the same subbasin labeling as used for the existing site hydrology whenever possible. If the
boundaries of the subbasin have been modified under the developed condition, the labeling should be
modified accordingly (e.g., Subbasin "Am" is a modified version of existing Subbasin "A").

PerformanceStandards(PartC)
The design engineer shall include brief discussions of the following:

• The area-specific flow control standard determined from the Flow Control Applications Map per
Section 1.2.3.1 and any modifications to the standard to address onsite or offsite drainage conditions;

• The applicable conveyance system capacity standards per Section 1.2.4; and
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• The applicable area-specific water quality treatment menu determinedfrom the Water Quality
Applications Map per Section 1.2.8.1, andany applicablespecial requirementsfor source control or
oil control determinedfrom Sections 1.3.4 and 1.3.5.

Flow Control System (Part D)

This section requires an illustrative sketch of the flow control facility and its appurtenances. This sketch
must show basic measurements necessary to calculate the storage volumes available from zero to the
maximum head, all orifice/restrietor sizes and head relationships, and control structure/restrictor
orientation to the facility.

The applicant should include all computer printouts, calculations, equations, references, storage/volume
tables, graphs, and any other aides necessary to dearly show results and methodology used to
determine the storage facility volumes. KCRTS facility documentation files, "Compare Flow
Durations" files, peaks files, return frequency or duration curves, etc., should be included to verify the
facility meets the performance standards indicated in Part C. The volumetric safety factor used in the
design should be clearly identified, as well as the reasoning used by the design engineer in selecting the
safety factor for this project.

Water Quality System (Part E)

This section provides an illustrative sketch of the proposed water quality facility (or facilities), source
controls, oil controls, and appurtenances. This sketch (or sketches) should show overall measurements
and dimensions, orientation on the site, location of inflow, bypass, and discharge systems, etc. If the
water quality credit option is used as allowed in Section 6.1.2, provide documentation in Part E of the
actions that will be taken to acquire the requisite credits.

The applicant should include all computer printouts, calculations, equations, references, and graphs
necessary to show the facility was designed and sized in accordance with the specifications and
requirements in Chapter 6.

E] TIR SECTION 5
CONVEYANCE SYSTEM ANALYSIS AND DESIGN

This section shouldpresent a detailed analysis of any existing conveyance systems, and the analysis and
design of the proposed stormwater collection and conveyance system for the development. This
information should be presented in a clear, concise manner that can be easily followed, checked, and
verified. All pipes, culverts, catch basins, channels, swales, and other stormwater conveyance
appurtenances must be clearly labeled and correspond directly to the engineering plans.

The minimum information included shall be pipe flow tables, flow profile computation tables,
nomographs, charts, graphs, detail drawings, and other tabular or graphic aides used to design and confirm
performance of the conveyance system.

Verification of capacity and performance must be provided for each element of the conveyance system.
The analysis must show design velocities and flows for all drainage facilities within the development, as
well as those offsite which are affected by the development. If the final design results are on a computer
printout, a separate summary tabulation of conveyance system performance should also be provided.

:1 Till SEC'i'ION 6
SPECIAL REPORTS AND STUDIES

Some site characteristics, such as steep slopes or wetlands, pose unique road and drainage design problems
which are particularly sensitive to stormwater runoff. As a result, King County may require the
preparation of special reports and studies which further address the site characteristics, the potential for
impacts associated with the development, and the measures that would be implemented to mitigate
impacts. Special reports shall be prepared by people with expertise in the particular area of analysis.
Topics of special reports may include any of the following:

• Geotechnical/soils

• Wetlands
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• Floodplains

• Slope protection/stability
• Groundwater

• Fluvial geomorphology

• Erosion and deposition

• Anadromous fisheries impacts

• Structural design

• Geology

• Hydrology

• Water quality

• Structural fill

1:3 TIR SECTION 7 _e_t_,_._l Z_,_,_,_. _-
OTHER PERMITS

Construction of road and drainage facilities may requireadditional permits from other agencies for some
projects. These additional permits may contain more restrictive drainage plan requirements. This section
of the TIR should provide the riflesof any other permits, the agencies requiting the other permits, and the
permit requirements that affect the drainage plan. Examples of other permits are listed in Section 1.1.3.

Q TIR SECTION 8
ESC ANALYSIS AND DESIGN

This section must include all hydrologic and hydraulic information used to analyze and design the erosion
• and sediment control (ESC) facilities, including final site stabilization measures. The TIR shall explain

how proposed ESC measures comply with the Erosion and Sediment Control Standards (detached
Appendix D) and show compliance with the implementation requirements of Core Requirement #5,
Section 1.2.5.

The following information must be included:

1. Provide sufficient information to justify the overall ESC plan and the choice of individual erosion
control measures. At a minimum, there shall be a discussion of each of the measures specified in
Section 1.2.5 and theirapplicability to the proposed project.

2. Include all hydrologic and hydraulic information used to analyze and size the ESC facilities shown
in the engineeringplans. Describe the methodology, and attach any graphics or sketches used to size
the facilities.

3. Identifyareas with a particularlyhigh susceptibility to erosion because of slopes or soils. Discuss any
special measures taken to protectthese areas as well as any special measures proposed to protect
water resources on or near the site.

4. Identify any ESC recommendations in any of the special reports prepared for the project. If these
recommendations arenot included in the ESC plan, provide justification.

5. If proposing exceptions or modifications to the standards detailed in the Erosion and Sediment
Control Standards (detached Appendix D), clearly present the rationale. If proposing techniques or
products different from those detailed in the ESC Standards, provide supporting documentation so the
County can determine if the proposed alternatives provide similar protection.
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Q TIR SECTION9
BOND QUANTITIES,FACILITYSUMMARIES,AND DECLARATIONOF COVENANT

Bond Quantities Worksheet

Each plan submittal requires a construction quantity summary to establish appropriate bond amounts.
Using the Bond Quantities Worksheet furnished by DDES (see Reference 8-D), the design engineer shall
separate existing right-of-way and erosion control quantifies from other onsite improvements. In addition,
the engineer shall total the amounts based on the unit prices listed on the form.

Drainage facilities for single family residential building permits, which are normally not bonded, shall be
constructed and approved prior to granting the certificate of occupancy.

Flow Control and Water Quality Facility Summary Sheet and Sketch

Following approval of the plans, a Flow Control and Water Quality Facility Summary Sheet and Sketch
(see Reference 8,C) shall be submitted along with an 8t/2 '' x 11" plan sketch for each facility proposed for
construction. The plan shall show a north arrow, the tract, the facility access road, the extent of the
facility, and the control structure location. The approximate street address shall be noted.

Declaration of Covenant
(Privately Maintained Flow Control and WQ Facilities Only)
A declaration of covenant (see Reference 8-1=)must be signed and recorded at the office of King County
Records and Elections before any permit with privately maintained flow control or water quality facilities
are approved.

1:3 TIR SECTION 10
OPERATIONSAND MAINTENANCEMANUAL

For each flow control and water quality facility that is to be privately maintained, and for those that have
special non-standard features, the design engineer shall prepare an operations and maintenance manual.
The manual should be simply written and should contain a brief description of the facility, what it does, _--
and how it works. In addition, the manual shall include a copy of the Maintenance Requirements for
Privately Maintained Drainage Facilities (see Appendix A) and provide an outline of maintenance tasks
and the recommended frequency each task should be performed. This is especially important for water
quality facilities where proper maintenance is critical to facility performance. For this reason, most of the
water facility designs in Chapter 6 indude "maintenance considerations" important to the
performance of each facility.
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2.3.1 ENGINEERINGPLANSPECIFICATIONS-SITEIMPROVEMENTPLAN

2.3.1.2 SITE IMPROVEMENT PLAN

site improvement plans shall portraydesign concepts in a clear andconcise manner. The plans must
present all the information necessary forpersons trainedin engineering to review the plans, as well as
those persons skilled in construction work to build the project according to the design engineer's intent.
Supporting documentation for the site improvement plans must also be presented in an orderly and concise
format that can be systematically reviewed and understood by others.

The vertical datum on which all engineering plans, plats, binding site plans, and short plats are to be
based must be the North American Vertical Datum (NAVD) of 1988, and the datum must be tied to at
least one King County Survey Control Network benchmark. The benchmark(s) shall be shown or
referenced on the plans. If a King County Control Network benchmark does not exist within 1/2 mile of
the subject property, or if 250 feet or greater of total vertical difference exists between the starting
benchmark and the project, an assumed or alternate vertical datum may be used. Datum correlations can
be found in Table 4.4.2.C.

Horizontal control for all plats, binding site plans, and short plats shall reference the North American
Datum of 1983/91 as the coordinate base and basis of bearings. All horizontal control for these projects
must be referenced to a minimum of two King County Survey Horizontal Control monuments. If two
horizontal control monuments do not exist within one mile of the project, an assumed or alternate
coordinate base and basis of bearings may be used. Horizontal control monument and benchmark
information is available from the King County Survey Department.

The site improvement plans consist of all the plans, profiles, details, notes, and specifications necessary to
construct road, drainage structure, and off-street parking improvements. Site improvement plans include
the following:

• A base map (described on page 2-20), and

• Site plan and profiles (beginning on page 2-21).

Note: Site improvement plans must also include grading plans if onsite grading extends beyond the
roadway.

Modified Site Improvement Plan

DDES may allow amodified site improvement plan for some projects in Targeted Drainage Review (see
Section 2.3.2, p. 2-27) or where major improvements (e.g., detention facilities, conveyance systems,
bridges, road right-of-way improvements, etc.) are not proposed. The modified site improvement plan
must:

1. Be drawn on a I1" x 17" or larger sheet,

2. Accurately locate structure(s) and access, showing observance of the setback requirements given in
this manual, the Sensitive Areas Ordinance, or other applicable documents,

3. Provide enough information (datum, topography, details, notes, etc.) to address issues as determined
by DDES.

E] GENERAL PLAN FORMAT

Site improvement plans shoulduse King County Roads Standard Map Symbols as appropriate, and must
include Standard Plan Notes (see Reference Section 7). Each plan must follow the general format
detailed below:

1. Plan sheets and profile sheets, or combined plan and profile sheets, specifications, and detail sheets
as required shall be on "D-size" sheets (24" x 36"). "E-size" sheets (36" x 42") are also acceptable for
commercial proposals, except that associated right-of-way improvements must be on "D-size" sheets
(24" x 36"). Original sheets shall be archive quality reproducibles, mylar or equal.

2. Drafting details shall generally conform to King County Standard Map Symbols (see Reference
Section 7-A) with lettering size (before reduction) no smaller than Leroy 80 (Leroy 100 is preferred).
Existing features shall be shown with dashed lines or as half-toned (screened) in order to clearly
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distinguish existing featuresfrom proposedimprovements.

3. Each submittalshall contain a project information/cover sheet with the following:

a) Title: Project name andDDES file number

b) Table of contents (if more than threepages)

c) Vicinity map

d) Name and phone numberof utility field contacts(e.g., water,sanitarysewer, gas, power,
telephone, and TV) andthe One-Callnumber(1-800-424-5555)

e) King County'spreconstruetion/inspectionnotificationrequirements

f) Name and phone numberof the erosioncontrol supervisor

g) Name and phonenumberof the surveyor

h) Name andphone numberof the owner/agent

i) Name andphone numberof the applicant

j) Legal description

k) Plan approvalsignatureblock forDDES

l) Name andphone number of the engineeringfirm preparingthe plans (company logos acceptable)

m) Fire Marshal'sapprovalstamp(if required)

n) Statement that mailbox locations havebeen designated or approvedby the U.S, Postal Service
(whererequired)

o) List of conditionsof preliminaryapprovalon all site improvements.

Note: If this information is provided on the architectural plans for commercial building permits, then it
may be omitted from the commercial engineering site plans. A blank sample or computer file of the
information sheet format is available from DDES upon request.

4. An overall site plan shall be included if more than three plan sheets are used. The overall plan shall
be indexed to the detail plan sheets and include the following:

a) The complete property area development

b) Right-of-way information

c) Street names and road classification

d) All project phasing and proposed division boundaries

e) All natural and proposed drainage collection and conveyance systems with catch basin numbers
shown.

5. Each sheet of the plan set shall be stamped, signed, and dated by a licensed civil engineer registered
in the State of Washington. At least one sheet showing all boundary survey information must be
provided and stamped by a professional land surveyor licensed in the State of Washington.

6. Detail sheets shall provide sufficient information to construct complex elements of the plan. Details
may be provided on plan and profile sheets if space allows.

7. A title block shall be provided on each plan sheet. At a minimum, the title block shall list the
following:

a) Development title

b) Name, address, and phone number of the ftrm or individual preparing the plan
o_

c) A revision block
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d) Page (ofpages)numbering

e) Sheettitle(e.g.,roadanddrainage,grading,erosionandsedimentcontrol).

8. The locationand labelforeachsectionorotherdetailshallbe provided.

9. SensitiveArea Setbacksshallbedesignatedasrequiredby theSensitiveAreasOrdinance
(KCC 2IA.24).

i0.Allmatch lineswithmatchedsheetnumbershallbe provided.

II.Alldivisionorphaselinesandtheproposedlimitsofconstructionunderthepermitapplicationshall
beindicated.

12.Wetlands shallbelabeledwiththenumber fromthewetlandinventory,orshallbelabeledas
"uninventoried" if not listed on the wetland inventory.

13. The standard plan notes that apply to the project shall be provided on the plans (see Reference
Section 7-B).

14. Commercial building permit applications shall include the designated zoning for all properties
adjacent to the development site(s).
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Q BASEMAP

A site improvement plan base map provides a common base and reference in the development and design
of any project. A base map helps ensure that the engineering plans, grading plans, and ESC plans are all
developed from the same background information. This base map shall include the information listed in
Table 2.3.1 .A.

TABLE 2.3.1..4, BASE MAP REQUIREMENTS

Feature Requirements

Ground Surface Providetopographywithinthe site and extendingbeyond the propertylines.
Topography Contourlines must be shown as describedin "Plan View: Site Plan and

Roadway Elements"(p. 2-21).

Surface Water Providegroundsurface elevationsfor a reasonable"fan=around pointsof
Discharge dischargeextending at least 50 feet downstreamof all pointdischargeoutlets.

HydrologicFeatures Providespotelevationsinadditionto contourlinesto aid indelineatingthe
boundariesand depth of all existingfloodplains,wetlands, channels,swales,
streams, stormdrainagesystems, roads (lowspots), bogs,depressions,
springs,seeps, swales, ditches,pipes,groundwater,and seasonalstanding
water.

Other Natural Show the locationand relativesizes of other natural features such as rock
Features outcroppings,existingvegetation, andtrees 12 inchesin diameter and greater

that couldbe disturbedby the projectimprovementsand constructionactivities
(withintree canopy), noting species.

Flows Provide arrowsthat indicatethe directionof surface flow on all publicand
private propertyand for all existingconveyancesystems.

Floodplains/ Show the floodplain/floodwaysas requiredby the flood hazard portionof the
Floodways Sensitive AreasOrdinance and Rulesand Section 4.4.2.

General Show the locationand limitsof all existing:
Background • Propertyboundaries
Information • Structures

• Easements (includingdimensions)
• Total property(includingdimensions)
• Roads and right-of-way
• Sanitary sewers and water utilities
• Common open space
• Publicdedications
• Other manmade features affecting existingtopography/proposed

improvements.

Development Delineate limitationsto the developmentthat may occur as identifiedon the TIn
Limitations worksheet, Part 8 (see Reference 8-A).
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Q SITE PLAN AND PRORLES

The design engineer shall provide plans and profiles for all construction, including but not limited to the
following information.

Plan View: Site Plan and Roadway Elements

1. Provide property lines, right-of-way lines, and widths for proposed roads and intersecting roads.

2. Provide all existing and proposed roadway features, such as centerlines, edges of pavement and
shoulders, ditchlines, curbs, and sidewalks. In addition, show points of access to abutting properties
and roadway continuations.

3. Show existing and proposed topography contours at 2-foot intervals (5-foot intervals for slopes
greater than 15 percent, 10-foot intervals for slopes greater than 40 percent). Contours may be
extrapolated from USGS mapping, aerial photos, or other topography map resources. However,

contours shall be field verified for roadway and stream centerlines, steep slopes, floodplains, drainage
tracts easements, and conveyance systems. Contours shall extend 50 feet beyond property lines to
resolve questions of setback, cut and fill slopes, drainage swales, ditches, and access or drainage to
adjacent property.

4. Show the location of all existing utilities and proposed utilities (except those designed by the utility
and not currently available) to the extent that these will be affected by the proposed project. Clearly
identify all existing utility poles.

5. Identify all roads and adjoining subdivisions.

6. Show right-of.way for all proposed roadways, using sufficient dimensioning to clearly show exact
locations on all sections of existing and proposed dedicated public roadway.

7. Clearly differentiate areas of existing pavement and areas of new pavement.

8. For subdivision projects, generally use drawing scales of 1"=50'; however, 1"=i00' is optional for
development of lots one acre or larger. For commercial, multi-family, or other projects, generally use
scales of 1"=20'; however, 1"=10', 1" = 30', 1"--40' and 1"=50' are acceptable. Show details for
clarification, including those for intersections and existing driveways, on a larger scale.

Plan View: Drainage Conveyance

1. Sequentially number all catch basins and curb inlets starting with the structure farthest
downstream.

2. Represent existing stoma drainage facilities in dashed lines and label with "Existing."

3. Clearly label existing storm drainage facilities to be removed with "Existing to be removed."

4. Show the length, diameter, and material for all pipes, culverts, and stub-outs. Include the slope if
not provided on the profile view. Material may be noted in the plan notes.

5. Clearly label catch basins as to size and type (or indicate in the plan notes).

6. Clearly label downspout and footing drain stub-out locations for those lots intending to connect to
the storm drainage flow control system. Locate all stub-outs to allow gravity flow from the lowest
comer of the lot to the connecting catch basin.

7. Show datum, benchmark locations, and elevations on each plan sheet.

8. Clearly label all stub-out locations for any future pipe connections.

9. Clearly show on the plans all drainage easements, tracts, access easements, Native Growth Retention

Areas, Sensitive Area Tracts, Sensitive Area Setback Areas, and building setback lines. Show
dimensions, type of restriction, and use.

10. Using arrows, indicate drainage direction of hydraulic conveyance systems.
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Plan View: Other

1. Show the location, identification, and dimensions of all buildings, property lines, streets, alleys, and
easements.

2. Verify the condition of all public right-of-way and the rights to use them as proposed.

3. Show the locations of structures on abutting properties within 50 feet of the proposed project site.

4. Show the location of all proposed drainage facility fencing, together with a typical section view of
each fencing type.

5. Provide section details of all retaining wails and rockeries, including sections through critical
portionsof the rockeriesor retainingwalls.

6. Show all existing and proposed buildings with projections and overhangs.

7. Show the location of all wells on site and within 100 feet of the site. Note wells to be abandoned.

8. Show structural BMPs requiredby the King County Water Pollution Control Manual.

Profiles:RoadwayandDrainage
1. Provide existing eenterllue ground profile at 50-foot stations and at significant groundbreaksand

topographicfeatures, with averageaccuracyto within 0.1 feet on unpaved surfaceand 0.02 feet on
paved surface.

2. For publicly maintainedroadways,provide final road and storm drain profile with the same
stationing as the horizontalplan, readingfromleft to right,to show stationing of points of curve,
tangent, and intersectionof vertical curves, with elevation of 0.01 feet. Include tie-in with intersecting
pipe runs.

3. On a grid of numberedlines, providea continuousplot of vertical positioning against horizontal.

4. Show finished road grade and vertical curve data (roaddata measuredat centerlineor edge of
pavement). Include stopping sight distance.

5. Show all roadway drainage, includingdrainagefacilities, that arewithin the right-of-way or
easement.

6. On the profile, show slope, length, size, and type (in plan notes or on a detail sheet) for all pipes and
detention tanks in public right-of-way.

7. Indicate theinverts of all pipes and culverts and the elevations of catch basin gratesor lids. It is also
desirable,but notrequired,to show invertelevations andgrate elevations on plan sheets.

8. For pipes that are proposedto be within 2.0 feet of finished grade, indicate the minimum cover
dimensions.

9. Indicate roadway stationing and offset for all catch basins.

10. Indicatevertical and horizontal scale.

] 1. Clearly label all profiles with respective streetnames and plan sheet referencenumbers, and indicate
all profile sheet reference numberson plansheets, if drawnon separate sheets.

12. Locate match points with existing pavements, and show elevations.

13. Show all property boundaries.

14. Label all match line locations.

15. Provide profiles for all 12-inch and larger pipes andforchannels (that arenotroadside ditches).

16. Show the location of all existing and proposed(if available or critical forclearance) gas, water, and
sanitary sewer crossings.

17. Show energy dissipater locations.
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18.Identifydatum usedand allbenchmarks (maybe shown on planviewinstead).Datum and
benchmarksmustrefertoestablishedcontrolwhen available.

19.Use a verticalscaleofI"=5'.As anexception,verticalscaleshallhe I"=I0'iftheoptionalI"=I00'

horizontalscaleisusedonprojectswithlotsoneacreorlarger.Clarifyingdetails,includingthosefor
intersectionsandexistingdriveways,shouldusealargerscale.

20. Splitsheets,withtheprofilealignedunderneaththeplanview,arepreferredbutnotrequired.

Q DETAILS

The design engineer shall provide details for all construction, including but not limited to the following.

Flow Control, Water Quality, and Infiltration Facility Details

I. Provide a scaled drawing of each detention pond or vault and water quality facility, including the tract
boundaries.

2. Show predeveloped and finished grade contours at 2-foot intervals. Show and label maximum
design water elevation.

3. Dimension all berm widths.

4. Show and label at least two cross sections through a pond or water quality facility. One cross section
must include the restrictor.

5. Specify soils and compaction requirements for pond construction.

6. Show the location and detail of emergency overflows, spillways, and bypasses.

7. Specify rock protection/energy dissipation requirements and details.

8. Provide inverts of all pipes, grates, inlets, tanks, and vaults, and spot elevations of the pond bottom.

9. Show the location of access roads to control manholes and pond/forebay bottoms.

10. Provide plan and section views of all energy dissipaters, including rock splash pads. Specify the
size of rock and thickness.

11. Show boilard locations on plans. Typically, bollards are located at the entrance to drainage facility
access roads.

12. On the pond or water quality facility detail, show the size, type (or in plan notes), slope, and length of
all pipes.

13. Show to scale the section and plan view of restrictor and control structures. The plan view must
show the location and orientation of all inlet pipes, outlet pipes, and flow restrictors.

14. Draw details at one of the following scales: l"=l', I"=2', I"=4', I"=5', I"=I0', or I"=20'.

Structural Plan Details

Any submittal that proposes a structure (e.g., bridge crossing, reinforced concrete footings, walls, or
vaults) shall include plan sheets that include complete working drawings showing dimensions, steel
placement, and specifications for construction. Structures may require a design prepared and stamped by
a professional structural engineer licensed in the State of Washington, and an application for a separate
commercial building permit.
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2.3.1.3 EROSION AND SEDIMENT CONTROL (ESC) PLAN

This section details the specifications and contents for ESC plans. Note that the ESC plan may be
simplified by the use of the symbols and codes provided for each ESC measure in the Erosion and ....
Sediment Control Standards (detached Appendix D). In general, the ESC plan shall be submitted as a
separate plan sheet(s). However, there may be some relatively simple projects where providing separate
grading and ESC plans is unnecessary.

General Specifications

The site improvement plan shall be used as the base of the ESC plan. Certain detailed information that

is not relevant (e.g., pipe/catch basin size, stub-out locations, etc.) may be omitted to make the ESC plan

easier to read. At a minimum, the ESC plan shall include all of the information required for the base map
(see Table 2.3.1.A, p. 2-20), as well as existing and proposed roads, driveways, parking areas, buildings,
drainage facilities, utility corridors not associated with roadways, all sensitive areas and buffers, and

proposed final topography. A smaller scale may be used to provide better comprehension and
understanding.

The ESC plan shall generally be designed for proposed topography, not existing topography, since rough
grading is usually the first step in site disturbance. The ESC plan shall address all phases of construction
(e.g., clearing, grading, installation of utilities, surfacing, and final stabilization). If construction is being
phased, separate ESC plans may need to be prepared to address the specific needs for each phase of
construction.

The ESC plan shall be consistent with the information provided in Section 8 of the TIR and shall show the
following:

1. Identify areas with a high susceptibility to erosion.

2. Provide all details necessary to clearly illustrate the intent of the ESC design.

3. Include ESC measures for all on- and offsite utility construction included in the project.

4. Specify the construction sequence. The construction sequence shall be specifically written for the
proposed project. An example construction sequence is provided in Appendix D.

5. Include ESC Standard Plan Notes (see Reference Section 7-B).

ClearingLimits
I. Delineate clearing limits.

2. Provide details sufficient to install and maintain the clearing limits.

Cover Measures

1. Specify the type and location of temporary cover measures to be used onsite.

2. If more than one type of cover is to be used onsite, indicate the areas where the different measures will

be used, including steep cut and fie slopes.

3. If the type of cover measures to be used will vary depending on the time of year, soil type, gradient, or
some other factor, specify the conditions that control the use of the different measures.

4. Specify the nature and location of permanent cover measures. If a landscaping plan is prepared, this
may not be necessary.

5. Specify the approximate amount of cover measures necessary to cover all disturbed areas.

6. If netting or blankets are specified, provide typical detail sufficient for installation and maintenance.

7. Specify the seed mixes, fertilizers, and soil amendments to be used, as well as the application rate
for each item.
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2.3.1 ENGINEERINGPLAN SPECIFICATIONS--ESC PLAN

Perimeter Protection

_ 1. Specify the location and type of perimeter protection to be,used.

2. Provide typical details sufficient to install and maintain the perimeter protection.

3. If silt fence is to be used, specify the type of fabric to be used.

Traffic Area Stabilization

1. Locatethe constructionentrance(s).

2. Provide typical details sufficient to install and maintain the construction entrance.

3. Locate the construction roads and parking areas.

4. Specify the measure(s) that will be used to create stabilized construction roads and parking areas.
Provide sufficient detail to install and maintain.

Sediment Retention

1. Show the locations of all sediment ponds and traps.

2. Dimension pond berm widths and all inside and outside pond slopes.

3. Indicate the trap/pond storage required and the depth, length, and width dimensions.

4. Provide typical section views through pond and outlet structures.

5. Provide typical details of the control structure and dewatering mechanism.

6. Detail stabilization techniques for outlet/inlet.

7. Provide details sufficient to install cell dividers.

8. Specify mulch or recommended cover of berms and slopes.

9. Specify the 1-foot marker indicating when sediment removal is required.

10. Indicate catch basins that are to be protected.

11. Provide details of the catch basin protection sufficient to install and maintain.

Surface Water Control

1. Locate all pipes, ditches, interceptor ditches, and swales that will be used to convey stormwater.

2. Provide details sufficient to install and maintain all conveyances.

3. Indicate locations of outlet protection, and provide detail of protections.

4. Indicate locations and outlets of any possible dewatering systems.

5. Indicate the location of any level spreaders, and provide details sufficient to install and maintain.

6. Show all temporary pipe inverts.

7. Provide location and specifications for the interception of runoff from disturbed areas and the
conveyance of the runoff to a non-erosive discharge point.

8. Provide location and details of rock check dams.

9. Provide front and side sections of typical rock check dams.

Wet Season Requirements

Provide a list of all applicable wet season requirements.

Sensitive Areas Restrictions

1. Specify the type, locations, and details of any measures necessary to comply with requirements to
protect surface waters.

- 2. Specify the type, locations, and details of any measures necessary to comply with any additional
protection required to protect steep slopes.
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SECTION2.3 PLANS REQUIREDFOR DRAINAGEREVIEW

2.3.1.4 LANDSCAPE MANAGEMENT PLANS (IF APPLICABLE)

Approved landscape management plans are allowed to be used as an alternative to the requirement to
formally treat (with a facility) the runoff from pollution-generating pervious surfaces subject to Core
Requirement #8 (see Section 1.2.8). A landscape management plan is a King County approved plan for

defining the layout and long-term maintenance of landscaping features to minimize the use of pesticides
and fertilizers, and reduce the discharge of suspended solids and other pollutants. General guidance for
preparing landscape management plans is provided in Reference Section 4-A.

If a landscape management plan is proposed, it must be submitted with the engineering plans for the
proposed project. The elements listed below are required for evaluation of landscape management plans. "

1. Provide a site vicinity map with topography.

2. Provide a site plan with topography. Indicate areas with saturated soils or high water tables.

3. Provide a plant list (provide both common and scientific names) which includes the following
information:

a) Indicate any drought-tolerant plants, disease resistant varieties, species for attracting beneficial
insects (if any) and native plants.

b) For shrubs and groundcovers, indicate the proposed spacing.

c) For turf areas, indicate the grass mix or mixes planned. Indicate sun/shade tolerance, disease

susceptibility, drought tolerance and tolerance of wet soil conditions.

4. Provide a landscape plan. Indicate placement of landscape features, lawn areas, trees, and planting
groups (forbes, herbs, groundcovers, etc.) on the site.

5. Include information on soil preparation and fertility requirements.

6. Provide information on the design of the irrigation method (installed sprinkler system, dripirrigation
system, manual, etc.)

7. Provide a landscape maintenance plan, including the following:

a) Physical care methods, such as thatch removal or aeration, and mowing height and frequency

b) Type of fertilizer (including N-P-K strength) and fertilization schedule or criteria

c) Type of chemicals to be used for common pests such as cranefly larvae, and the criteria or
schedule for application

d) Any biocontrol methods.

8. Provide information about the storage of pesticides or other chemicals, and disposal measures that
win be used.

a) If applicable, indicate how the chemicals will be stored on the site between applications to prevent
contact with stormwater or spills into the storm drainage system.

b) Indicate how excess quantities of fertilizers or chemicals will be handled for individual
applications.

9. Provide an implementation plan (see Reference Section 4-A for guidance on preparing the
implementation plan).
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2.3.2 PROJECTSIN TARGETEDDRAINAGEREVIEW

2.3.2 PROJECTS IN TARGETED DRAINAGE REVWW

This section outlines the specifications and contents of limited scope engineering plans allowed for
projects in Targeted Drainage Review. Table 2.3.2.A specifies the minimum required elements of the

targeted technical information report based on the type of permit or project, and on the three categories of
project characteristics subject to Targeted Drainage Review per Section 1.1.2.2.

TABLE 2.3.2.A MINIMUM ENGINEERING PLAN ELEMENTS (1_
FOR PROJECTS IN TARGETED DRAINAGE REVIEW

Type of Drainage Project Cateqory 1(2) Project Category 2(2) Project Cate,qory3(2)
Permit or Review ProjectsinTargeted ProjectsinTargeted Redevelopmentprojects
Project Type DrainageReviewthat DrainageReviewthat "in TargetedDrainage

containor are adjacentto proposeto constructor Reviewthatpropose
floodplainsorsensitive imodifya 12"or larger $100,000 or moreof
areas,or are subjectto !pipe/ditch,orreceive improvementsto an
drainagerequirementsper runofffroma 12" or existinghigh-usesite
DrainageReviewThres- largerpipe/ditch
holds#4 & #5 (Sec. 1.1.1)

Targeted • TIR Sections1, 2, and6 • TIR Sections1,2, 3, 5, N/A
Drainage (minimum) 6, 7, and 8 (minimum)

SINGLE Review - SmallSite ESC Plan(3) • SmallSite ESC Plan(3)
FAMILY ONLY
RESIDENTIAL • Site Improvement ° ESC Plan(4)for
BUILDING Plan(S)' conveyancework
PERMITS - Site Improvement
(SFRs) Plan(s)

& Targeted • TIR Sections1,2, and6 • TIR Sections1,2, 3, 5, N/A
SHORT Drainage (minimum) 6, 7, and8 (minimum)PLATS

Review • SmallSiteESC Plan(3) • SmallSite ESC Plan(3)
COMBINED
WITH • Site ImprovementPlants) ° ESC Plan(4)for
Small Site conveyancework
Drainage • Site Improvement

!Review Plants)

OTHER Targeted ° TIR Sections1, 2, 6, and • TIR Sections1, 2, 3, 5, • TIR Sections1, 2, 4, 8,
PROJECTS Drainage 8 (minimum) 6, 7, and8 (minimum) and 10 (minimum)
OR PERMITS Review • ESC Plan(4)foranysite • ESC Plan(4)forany site • ESC Plan(4)forany site

ONLY disturbancework disturbancework disturbancework

• Site ImprovementPlan(s) • Site Improvement • Site Improvement
Plan(s) Plants)

Notes:

(1} The above plan elementsare consideredthe recommendedminimumfor mostdevelopmentcases in
Targeted Drainage Review. DDES may addto these elementsif deemed necessaryfor proper
drainage review. Predesign meetings with DDES are recommended to identify all requiredelements.

(2) For more detaileddescriptionsof projectcategories,see Section 1.1.2.2. If the proposed project has
the characteristics of more than one category, the plan elements under each applicable category
shall apply.

(3) Small site ESC plans are an elementof the smallsite drainage plan as explained inthe Small Site
Drainage Requirements booklet(detachedAppendixC).

(4) ESC plans shall meet the applicablespecificationsdetailed in Section2.3.1.3 (p. 2-24)
(s) Site improvement plans shall meetthe applicablespecificationsdetailed inSection 2.3.1.2 (p. 2-17).

DDES may allow modified site improvement plans as describedin Section 2.3.1.2.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

2.4 PLANS REQUIRED AFTER DRAINAGE REVIEW

This section includes the specifications andcontents requiredof those planssubmitted atthe end of the
permitreview process or after apermithas been issued.

2.4.1 PLAN CHANGES AFTER PERMIT ISSUANCE
If changes or revisions to the originally approvedengineeringplansrequireadditionalreview, the revised
plans shall be submittedto DDES for approvalpriorto construction. The plan change submittals shall
include all of the following:

1. The appropriatePlan Change Orderform(s)

2. Onecopy of the revised TIR or addendum

3. Threesets of the engineeringplans

4. Other information neededfor review.

2.4.2 FINAL CORRECTED PLAN SUBMITTAL

During the courseof construction, changes to the approvedengineeringplansareoften requiredto address
unforeseen field conditionsor design improvements. Once constructionis completed, it is the applicant's
responsibility to submit to DDES a f'malcorrected plan ("as-builts"), which is an engineering drawing
that accuratelyrepresentsthe project as constructed. These correcteddrawingsmustbe professionally
draftedrevisions applied to the originalapprovedplanand must include all changes made duringthe
course of construction;theESC plan, however, should not be included. The final correctedplan must be
stamped, signed, and datedby a licensed civil engineer registeredin the State of Washington.

Disposition of Approved Engineering Plans for Subdivisions

Upon engineeringplan approval of any subdivision (including PUDs, binding site plans, and short plats),
DDES will make a set of reproducible mylars (cost to be paid by the applicant) and return the original set
to the applicant's engineer. DDES will retain this reproducible set, utilizing it to make copies for public
inspection, distribution, and base reference as required. At the time the development is accepted for
maintenance by King County, the DDES set of reproducibles shall be replaced by the corrected original
set for permanent public records at the Department of Transportation Map Counter, 9th floor, King County
Administration Building, Seattle, Washington.

2.4.3 FINAL PLAT, SHORT PLAT, AND BINDING SITE PLAN
SUBMITTALS

Any subdivision to be finalized, thereby completing the subdivision process and legally forming new lots,
requires a final submittal for approval and recording. Binding site plans and short plats also require a final
submittal for approval and recording. The final plat or map page shall contain the elements summarized
and specified in detail in DDES customer information bulletins. Submittals shall be accompanied by
appropriate fees as prescribed by ordinance. Final submittals will be allowed only after the approval of
preliminary plans (for subdivisions only) and any required engineering plans, and after the construction of
any required drainage facilities.

All final map sheets and pages shall be prepared by a professional land surveyor registered in the State of
Washington and shall conform with all state and local statutes.

The final submittal for recording only applies to subdivisions (plats), binding site plans, and short plats.
This plan is required by state and local statutes.
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SECTION2.4 PLANSREQUIREDAFTERDRAINAGEREVIEW

In addition to the requirements described in the DDES customer information bulletins, submittals for final

recording of subdivisions, short plats, and binding site plans must include the following information:

1. Indicate dimensions of all easements, tracts, building setbacks, tops of slopes, wetland boundaries, and
floodplains.

2. Include pertinent restrictions as they apply to easements, tracts, and building setback lines.

3. Include the dedication and indemnification clause as provide in Reference Section 8-K.

4. State the maximum amount of added impervious surface and proposed clearing per lot as
determined through engineering review. The maximum amount of impervious surface may be
expressed in terms of percentage of lot coverage or square feet.

5. Specify roof downspout controls by lot based on the "Sizing Credits for Roof Downspout Controls"
(see Section 1.2.3.2) as determined through engineering review and approval.

6. For a plat or short plat, record a note conditioning single family residential permit approval on
compliance with approved roof downspout controls (see notes in Section 5.1).
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

CHAPTER 3
HYDROLOGIC ANALYSIS & DESIGN

This chapter presents the concepts and rationale for the surface water controls and designs required by this

manual, the acceptable methods for estimating the quantity and characteristics of surface water runoff, and
the assumptions and data requirements of the methods. These methods are used to analyze existing and to
design proposed drainage systems and facilities. Specifically, hydrologic tools and methodologies are
presented for the following tasks:

• Calculating runoff time series and flow statistics

• Designing detention and infiltration facilities

• Sizing conveyance facilities

• Analyzing conveyance capacities.

Chapter Organization

The information presented in this chapter is organized into three main sections:

• Section 3.1, "Hydrologic Design Standards and Principles" (p. 3-3)

• Section 3.2, "Runoff Computation and Analysis Methods" (p. 3-9)

• Section 3.3, "Hydrologic Design Procedures and Considerations" (p. 3-41).

These sections begin on odd pages so that tabs can be inserted by the user if desired for quicker reference.

Other Supporting Information

Background information on development of the hydrologic methods presented in this chapter is available
from DNR and is listed in the bibliography of research materials in Reference Section 5. For specific
guidance on the mechanics of using the KCRTS software for hydrologic analysis and design, refer to the
KCRTS Computer Software Reference Manual.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

3.1 HYDROLOGIC DESIGN STANDARDS AND PRINCIPLES

This section presents the rationale for and approach to hydrologic analysis and design in King County.

3.1.1 HYDROLOGIC IMPACTS AND MITIGATIONS

Hydrologic Effects of Urbanization

The hydrologic effects of development can cause a multitude of problems, including minor nuisance
flooding, degradation of public resources, diminished fish production, and significant flooding

endangering life and property. Increased stormwater flows expand floodplains, bringing flooding to
locations where it did not occur before and worsening flood problems in areas already flood-prone.
Increased stormwater flows also hasten channel erosion, alter channel structure, and degrade fish habitat.

Human alteration of the landscape, including clearing, grading, paving, building construction, and
landscaping, changes the physical and biological features that affect hydrologic processes. Soil

compaction and paving reduce the infiltration and storage capacity of soils. This leads to a runoff process
called Horton overland flow whereby the rainfall rate exceeds the infiltration rate, and the excess

precipitation flows downhill over the soil surface. This type of flow rapidly transmits rainfall to the stream

or conveyance system, causing much higher peak flow rates than would occur in the unaltered landscape.

Horton overland flow is almost nonexistent in densely vegetated areas, such as forest or shrub land, where

the vast majority of rainfall infiltrates into the soil. Some of this infiltrated water is used by plants, and
depending on soil conditions, some of it percolates until it reaches the groundwater table. Sometimes the

percolating soil water will encounter a low-permeability soil or rock layer. In this case, it flows laterally as
interflow over the low-permeability layer until it reaches a stream channel. Generally, forested lands
deliver water to streams by subsurface pathways, which are much slower than the runoff pathways from
cleared and landscaped lands. Therefore, urbanization of forest and pasture land leads to increased
stormwater flow volumes and higher peak flow rates.

Land development increases not only peak flow rates but also changes annual and seasonal runoff

volumes. In forested basins in King County, about 55% of the rain that fails each year eventually
appears as streamflow. This percentage is called the yield of a basin. The remaining 45% of the rain
evaporates and returns to the atmosphere. As trees are cleared and the soil is graded to make way for
lawns and pastures, and as part of the land is covered with asphalt or concrete, the basin yield increases.
More of the rain becomes streamflow, and less evaporates. In lowland King County, the yield of a basin
covered with landscaped lawns would be about 65%, while the yield of an impervious basin would be
about 85 to 90%.

For these reasons, development without mitigation increases peak stormwater rates, stormwater volumes,
and annual basin yields. Furthermore, the reduction of groundwater recharge decreases summer base
flows.

In summary, the following are the hydrologic impacts of unmitigated development:

• Increased peak flows

• Increased durations of high flows

• Increased stormwater runoff volumes

• Decreased groundwater recharge and base flows

• Seasonal flow volume shifts

• Altered wetland hydroperiods.
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SECTION3.1 HYDROLOGICDESIGNSTANDARDSANDPRINCIPLES

Theresultingeconomicandecologicalconsequencesofthesehydrologicchangesincludethefollowing:

• Increased flooding

• Increased streamerosion

• Degraded aquatichabitat

• Changes to wetland species composition.

Mitigations of Hydrologic Effects of Urbanization

Engineered facilities can mitigate many of the hydrologic changes associated with development.
Detentionfacilitiescanmaintaintheratesand/ordurationsofhighflowsatpredevelopmentlevels.
Infiltrationfacilitiescancontrolflowvolumesandincreasegroundwaterrechargeaswellascontrolflow
ratesanddurations.Conveyanceproblemscanbeavoidedthroughanalysisandappropriatesizingand
designofconveyancefacilities.Engineeredmitigationsofthehydrologicimpactsofdevelopmentinclude
thefollowing:

• Managingpeakflowrateswithdetentionfacilities

• Managinghighflowdurationswithdetentionfacilities

• Reducingflowvolumesandmaintainingorenhancinggroundwaterrechargewithinfiltrationfacilities

• Avoidingfloodingproblemswithappropriatelysizedanddesignedconveyancesystems

• Bypassingerosionproblemswithtightiines.

However, engineered facilities cannot mitigate all of the hydrologic impacts of development.
Detention facilities do not mitigate seasonal volume shifts, wetlandwater level fluctuations, groundwater
recharge reductions, or base flow changes. Certain hydrologic impacts of development can only be
mitigated through site planning and landscaping. For instance, clustering of units to reduce impervious
cover while maintaining site density is an effective way to limit change. Minimizing soil disturbance or
compaction in pervious areas also reduces hydrologic change. Such non-engineered mitigation measures _
are encouraged by the County but are not covered in this manual.

Many new stormwater mitigation options, such as porous roadway pavements and soil amendments for
landscaped areas appear to be beneficial in reducing increases in surface water volumes. The
incorporation of these concepts in the design of the project is encouraged. However, as these approaches
are relatively untested, no reduction in the standard flow control facility requirements will be granted.

Detention Facility Concepts

The basic concept of a detention facility is simple: water is collected from developed areas and released at
a slower rate than it enters the collection system. The excess of inflow over outflow is temporarily stored
in a pond or a vault and is typically released over a few hours or a few days. The volume of storage
needed is determined by (1) how much stormwater enters the facility (determined by the size and density
of the contributing area), (2) how rapidly water is allowed to leave the facility, and (3) the level of
hydrologic control the facility is designed to achieve.

To prevent increases in the frequency of flooding due to new development, detention facilities are often
designed to maintain peak flow rates at their predevelopment levels for recurrence intervals of concern
(e.g., 2- and 10-year). Such mitigation can prevent increases in the frequency of downstream flooding.
Facilities that control only peak flow rates, however, usually allow the duration of high flows to increase,
which may cause increased erosion of the downstream system. For example, the magnitude of a 2-year
flow may not increase, but the amount of time that flow rate occurs may double. Therefore, stream
systems, including salmonid habitat streams, that require protection from erosion warrant detention
systems that control the durations of geomorphically significant flows (flows capable of moving
sediment). Such detention systems employtower release rates and are therefore larger in volume.
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3.1.2 FLOW CONTROL STANDARDS

3.1.2 FLOW CONTROL STANDARDS

Core Requirement #3 requirespeakrate control (Level 1),duration control (Level 2), or a combination of
the two (Level 3), depending on the needs of the downstreamsystem.

LevelI FlowControl

Level 1 flow control is designed to control flood flows at theircurrent levels and to maintainpeak flows
withinthe capacity of the conveyance system formost storm events. Specifically, Level 1 flow control
requiresmaintaining the predevelopment peak flow rates for the 2-year and 10-year runoff events.
This standardmay be modified to ensurethat downstreamproblems areneither created nor aggravated
(see Sections 1.2.2 and 1.2.3).

The Level 1 flow control standard is applied to basins with little habitat value or basins with resilient
stream channels. This standard is also applied to the lower end of sensitive basins where additional flow
attenuation provides little benefit to the receiving waters. Basin planning areas designated as Level 0 flow
control must comply with Level 1 requirements unless the exemption criteria for direct discharge to a
major receiving water are met (see Section 1.2.3).

Level 2 Flow Control

Level 2 flow control is designed to control the durations of geomorphically significant flows and thereby
maintain existing channel and strearnbank erosion rates. A geomorphically significant flow is one which
moves channel bedload sediments. The flow that initiates transport of channel sediments varies from
channel to channel, but one-half of the 2-year flow is considered a good general estimate of the erosion-
initiating flow. Specifically, Level 2 flow control requires maintaining the durations of high flows at
their predevelopment levels for all flows greater than one-half of the 2-year peak flow up tothe 50-
year peak flow. Note: The predevelopment peak flow ratesfor the 2-year and IO-year runoff events are
also intended to be maintained when applying Level 2flow control.

This standard is applied to stream systems with erosion-prone channels and/or important aquatic habitat.
Application of this standard is most critical in headwater basins where runoff enters the stream system in
numerous small streams and rivulets that are very sensitive to changes in flow regime.

Level 3 Flow Control

Level 3 flow control is intended to mitigate water level changes in certain volume-sensitive water bodies
such as lakes, wetlands, closed depressionswhere severe flooding problems have been documented. It is
the most stringentstandardapplied in this manual(see Section 1.2.3). Because such water bodies act as
naturalflow dampeners, it is difficult to detaincollected stormwaterbeyond the naturalresidence timeof
these systems. Therefore, the increasedvolume of runofffromnew development inevitably increases the
water level fluctuationsof these waterbodies. The Level 3 flow controlstandardprovides additional
storage and increases the detention time to minimizethese downstreamimpacts.

This standardrequires maintaining the durations of high flows at their predevelopment levels for all
flows greater than one-half of the 2-year flow up to the 50-year flow and holding the 100-year peak
flow rate at its predeveiopment level. Note: Thepredevelopment peak flow ratesfor the 2-year and lO-
year runoff events are also intended to be maintained when applying Level 3flow control.

This standardis primarilyapplied in the contributingareas of specific water bodies with severe flooding
problems, and which are known to be sensitive to flow volume changes.
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SECTION3.1 HYDROLOGICDESIGNSTANDARDSANDPRINCIPLES

3.1.3 HYDROLOGIC ANALYSIS USING CONTINUOUS MODELS

The Need for Continuous Hydrologic Modeling

This manualprescribes the use of a continuous hydrologic model formost hydrologic analyses rather
thanan event model. Event models such as the Santa BarbaraUrban Hydrograph(SBUH) and the Soil
Conservation Service (SCS) method were used in previous versions of this manual for all hydrologic
analyses. A continuousmodel was chosen because hydrologic problems in western Washington are
associated with the high volumes of flow from sequentialwinterstorms ratherthan high peak flows from
shortduration,high intensityrainfallevents. The continuous hydrologic analysis tool prescribed in this
manual is the King County Runoff Time Series (KCRTS), which is a variantof the Hydrologic
SimulationProgram-FORTRAN(HSPF)model.

Continuous models arewell suitedto accountingfor the climatological conditions in the lowland Puget
Soundarea. Continuousmodels includealgorithms that maintaina continuous waterbalance for a
catchmentto accountfor soil moisture and hydraulicconditions antecedent to each stormevent (Linsley,
Kohler, Panlhus, 1982), whereasevent models assume initial conditionsand only address single
hypothetical stormevents. As a result, continuous hydrologic models aremoreappropriatefor evaluating
runoffduring the extended wet winters typical of the Puget Sound area..

The drawbacks of event models aresummarizedas follows:

• Event methods inherently overestimatepeak flows from undevelopedland cover conditions. The
overestimation is due, in part,to the assumption that runofffrom forest and pasture land covers flows
across the ground surface. In actuality, the runofffrom forests and pastures,on till soils, is dominated
by shallow subsurface flows (interflow)which have hydrologic response times muchlonger than those
used in event methods. This leads to an overestimatationof predeveloped peak flows, which :'esultsin
detention facility release rates_being overestimated and storage requirementsbeing underestimated.

• A single event cannot represent the sequential storm characteristicsof Puget Sound winters.

• Event models assume detentionfacilities areempty at the startof a design event, whereas actual
detentionfacilities may be partiallyfull as a result of precedingstorms.

• Testing of event-designed detentionfacilities with calibrated, long-termcontinuous hydrologic
simulations demonstratesthat these facilities do not achieve desired performancegoals.

• Event methods do not allow analysis of flow durationsor water level fluctuations.

The benefits of continuous hydrologic modeling aresummarizedas follows:

• A continuous model accountsfor the long duration and highprecipitationvolume of winterwet
periods characterizedby sequential,low-intensity rainfallevents. Continuoussimulation uses
continuous long-term recordsof observed rainfall rather than shortperiods of datarepresenting
hypothetical storm events. As a result,continuous simulationexplicitly accounts for the long duration
rainfall events typically experienced in the pacific Northwest as well as the effects of rainfall
antecedent to major storm events.

• HSPF has been shown to more accuratelysimulate runoff frombasins with a wide range of sizes and
land covers using the regional parametersdeveloped by the United States Geologic Survey (USGS).

• Continuoussimulationallows directexamination of flow durationdata for assessing the impacts of
development on streamerosionand morphology. An event model, whether using a 1-day or a 7-day
storm, cannot provide such information.

• A continuous model allows water level analysis for wetlands, lakes, andclosed depressions whose
water level regime is often dependent on seasonal runoff rather than on 1-day or 7-day event runoff.

• Continuous models produce flow control facilities that more accurately and effectively achieve desired
performance goals.
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3.1.3 HYDROLOGICANALYSISUSING CONTINUOUS MODELS

The importance of continuous modeling in the Puget Sound area is illustrated in Figure 3.1.3.A (pl 3-8),
which shows a small basin's runoff response to a series of winter storms and the outflow from a detention

pond designed to control the peak annual flows from this basin. Note that the largest outflow from the
detention pond corresponds not to the peak inflow on 1I/6/86, but rather to the high volume of flow from
the sequential storms beginning on 11/19/86, This demonstrates a key difference between continuous and
event based models.

With an event model, designers are accustomed to working with a single design storm event (e.g., 10-
year), which by definition has the same return period once routed through a reservoir (10-year inflow will
always generate I0-year outflow). With a continuous model, flow recurrence estimates are based on

annual peak flow rates, with each time series being analyzed independently. Events that generate annual
peak inflows to a reservoir may not generate annual peak discharges from the reservoir. In other words,

the runoff event containing the 10-year inflow peak, when routed, may not create the 10-year outflow
peak. This is due to natural variability of storm peaks and volumes (e.g., high intensity/short duration
thunderstorms as compared to moderate intensity/long duration winter storms) contained within a
continuous record.

Requirements of Continuous Hydrologic Modeling

For the entire period of simulation, a continuous hydrologic model requires a continuous record of

precipitation and evaporation at discrete time steps small enough to capture the temporal variability of
hydrologic response, and it provides a continuous record of simulated flows at the same time step. The
quicker a basin responds hydrologically (e.g., due to small size, land cover, or lack of detention), the
smaller the time step should be. Time steps of 15 minutes or one hour are sufficient for most basins in the
Puget Sound area.

The continuous hydrologic model must include mathematical representations of hydrologic processes to
determine the fate and movement of rainfall. For example, a good continuous hydrologic model must
include representations of infiltration processes to determine how much water infiltrates the soil and how

much runs off the surface. It must represent shallow and deep soil storage as well as the release of
subsurface water to streams via int_rflow and groundwater flow, and it must also account for the loss of
soil water to the atmosphere via evapotranspiration between rainfall events. The benefit of all this

computation is a complete hydrologic assessment including information on peak flow rates, flow
durations, storm volumes, seasonal volumes, annual volumes, and water levels of receiving bodies.
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KING COUNTY, WASHINGTON, SURFACE WATERDESIGN MANUAL

3.2 RUNOFF COMPUTATION AND ANALYSIS METHODS

This section presents the following four runoff computation methods accepted for hydrologic analysis and
design in King County:

• The Rational Method, Section 3.2.1 (p. 3-11)

• The TR-55 or SBUH methods

• The King County Runoff Time Series (KCRTS)/Runoff Files method, Section 3.2.2 (13.3-19)

• The Hydrologic Simulation Program-FORTRAN (HSPF) model, Section 3.2.3 (p. 3-35).

Methods for analysis and design of detention storage and water levels are also presented in "Storage
Routing/Water Level Analysis Methods," Section 3.2.4 (p. 3-36).

ACCEPTABLE USES OF RUNOFF COMPUTATION METHODS

Acceptable uses of the four runoffcomputation methods are summarized below and in Table 3.2 (p. 3-10):

• Rational Method: This method is most appropriate for sizing new conveyance systems that drain
smaller, quickly responding tributary areas (i.e., less than 10 acres) where very short, intense storms
tend to generate the highest peak flows. The Rational Method may also be used for conveyance sizing
in any size basin if the attenuation effects of existing storage features within the basin are ignored.

• TR-5$/SBUH Methods: The Soil Conservation Service (SCS) TR-55 method or the SBUH method
of the 1990 King County Surface Water Design Manual may be used for conveyance sizing where
tributary areas are greater than or equal to 10 acres and if storage features are ignored. The peak
flows from these single-event models are considered conservative for larger tributary areas if the flows
are not routed through existing storage features. These methods are not described in this manual; refer
to SCS Publication 210-VI-TR-55, Second Edition (June 1986) or the 1990 King County Surface
Water Design Manual.

• KCRTS/Runoff Files Method: This method is the most versatile for quickly performing many of the
computations summarized in Table 3.2 (p. 3-10). For conveyance sizing and analysis, the peak flows
from KCRTS are most accurate where tributary areas are greater than or equal to 10 acres and when the
shortest possible time step (15 minutes) is used with flowpath adjustments made to reflect the
hydrologic responsiveness of the tributary area (see Section 3.3.3). KCRTS may also be used for
tributary areas less than 10 acres where there is a significant storage feature(s). For sizing and analysis
of storage features and volume-based water quality facilities, KCRTS works equally well when using
hourly time steps for determination of predevelopment discharges and for routing purposes (see
Sections 3.3.1 and 3.3.2). King County requires hourly time steps for sizing of all flow control
facilities to provide consistent management of surface water and protect against cumulative increases in
peak flows on a basin-wide basis. Note: The KCRTS runofffiles were developed using local historical
precipitation and evaporation data, so application of the King County data outside the King County
vicinity is discouraged. Contact the Department of Natural Resources for information on generating
runoff files for other gage sites. An HSPF-level of historical meteorological data is required.

• HSPF Model: For projects in Large Site Drainage Review (see Section 1.1.2.4) such as Urban
Planned Developments and large subdivisions, the County may require HSPF modeling for
formulating a Master Drainage Plan (see Master Drainage Planning for Large Site Developments -
Process and Requirement Guidelines available from DNR or DDES). The County also generally
encourages use of HSPF for tributary areas larger than 200 acres. The model can be used wherever
KCRTS is allowed for sizing and analysis of conveyance systems, flow control facilities, and water
quality facilities. For such projects draining to a Class 1 wetland or potentially impacting groundwater
resources or stream base flows, the County may require the collection of actual rainfall and runoff data
to be used in developing and calibrating the HSPF model.
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SECTION 3.2 RUNOFFCOMPUTATIONANDANALYSISMETHODS

TABLE 3.2 ACCEPTABLE USES OF RUNOFF COMPUTATION METHODS

TYPE OF Rational Method TR 55/SBUH KCRTS HSPF
COMPUTATION APPLIED TO

Tributary REQUIRED for OKAY if majodty OKAY if majority
Areas < 10 ac undetained of tributaryarea is of tributary area is

areas,(1)and detained(3)and 15- detained(3)and 15-
(measuredto OKAY for detained minutetime steps minute time stepsindividual

CONVEYANCE conveyance areas if no storage withflowpath withflowpath
SIZING (DESIGN elements) routing(2)is adjustments(4)are adjustments(4)are
FLOWS) performed used used

(See Chapter4 Tributary OKAY if no OKAY if no OKAY if using15- OKAY if using15-
for hydraulic Areas > 10 ac storage routing(i) storage minute time steps minutetime steps
analysis is performed routing(2)is withflowpath with flowpath
procedures) performed adjustments(4) adjustments(4)

(storage routingis (storage routingis
allowed) allowed)

FLOW CONTROL Projects in OKAY OKAY

(NEW/EXIST.) Full Drainage (must use 1-hour (must use 1-hour
& WQ FACILITY Review time steps) time steps)

SIZING AND Projects in MAY BE MAY BE
ANALYSIS Large Site ALLOWED(s) REQUIRED (s)

Drainage (mustuse 1-hour (must use 1-hour
Review time steps) time steps)

Projects in OKAY if no OKAY for OKAY if using15- OKAY if using15-
Full or storage routing(2) tributaryareas minutetime steps minute time steps
Targeted is performed > 10 ac. if no withflowpath withflowpath

DOWNSTREAM Drainage storage adjustments(4) adjustments(4)
ANALYSIS Review routing(2)is

performed

Projects in MAY BE MAY BE MAY BE MAY BE
Large Site ALLOWED(s)if ALLOWED(s)if ALLOWED(s)if ALLOWED (s)if
Drainage used as described as described in usedas described used as described
Review in the box above the boxabove in the boxabove In the box above

PEAK FLOWS All Projects OKAY OKAY
FOR APPLYING (mustuse 1-hour (must use 1-hour
EXEMPTIONS & time steps) time steps)
THRESHOLDS

Notes:

(1) Undetained areas are those not drainingto (or detainedby) a detentionfacilityor other storagefeature.

(2) Storage routing uses the Level Pool Routingtechnique (describedinSection3.2.4) orother similarmethodto
accountfor the attenuation of peak flows passingthrougha detentionfacilityor otherstorage feature.

(3) The majorityof the tributaryarea is considereddetained if more than50% of the tributaryarea drainsto (or is
detainedby) a detention facilityor other storagefacility.

(4) See Section 3.3.3 (p. 3-46) fordetails on flowpath adjustments.

(s) For projectsin Large Site Drainage Review, the selectionof methodologyfor detentionsizing and/or downstream
analysisbecomes a site-specificor basin-specificdecisionthat is usuallymade by DDES duringthe scoping
processfor master drainage plans. Guidelinesfor selectingeither KCRTS, HSPF, or calibrated HSPF are found
inthe KingCounty publicationMaster Drainage Planning for Large or Complex Site Developments, availablefrom
DNR or DDES.
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3.2.1 RATIONAL METHOD

3.2.1 RATIONAL METHOD

The Rational Method is a simple, conservative method for analyzing and sizing conveyance elements
serving small drainage subbasins, subject to the following specific limitations:

• Only for use in predicting peak flow rates for sizing conveyance elements

• Drainage subbasin area A cannot exceed 10 acres for a single peak flow calculation

• The time of concentration Tcmust be computed using the method described below and cannot exceed
100 minutes. It is also set equal to 6.3 minutes when computed to be less than 6.3 minutes.
Note: Unlike other methods of computing times of concentration, the 6.3 minutes is not an initial
collection time to be added to the total computed time of concentration.

Q RATIONAL METHOD EQUATION

The following is the traditional Rational Method equation:

QR = CIRA (3-1)

where QR= peak flow (cfs) for a storm of return frequency R
C = estimated runoff coefficient (ratio of rainfall that becomes runoff)
IR = peak rainfall intensity (inches/hour) for a storm of return frequency R
A = drainage subbasinarea (acres)

"C" Values

_ The allowable runoff coefficients to be used in this method are shown in Table 3.2. I.A (p. 3-13) by type of
land cover. These values were selected following a review of the values previously accepted by King
County for use in the Rational Method and as described in several engineering handbooks. The values for
single family residential areas were computed as composite values (as illustrated in the following
equation) based on the estimated percentage of coverage by roads, roofs, yards, and unimproved areas for
each density. For drainage basins containing several land cover types, the following formula may be used
to compute a composite runoff coefficient, Cc:

Cc= (C1AI + C2A2+... + CnAn)/At (3-2)

where At = total area (acres)
ALz...° = areas of land cover types (acres)
CLz...n= runoff coefficients for each area land cover type

"IR" Peak Rainfall Intensity

The peak rainfall intensity IRfor the specified design storm of return frequency R is determined using a
unit peak rainfall intensity factor iRin the following equation:

IR= (PR)(iR) (3-3)

where PR= the total precipitation at the project site for the 24-hour duration storm event for the

given return frequency. Total precipitation is found on the Isopluvial Maps in
Figure 3.2.1.A through Figure 3.2.1.D beginning on page 3-14.

_ iR = the unit peak rainfall intensity factor
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SECTION3.2 RUNOFFCOMPLrrATIONANDANALYSISMETHODS

The unit peak rainfall intensity factor ie is determined by the following equation:

iR = (aR)(Tc)t-_) (3-4)

where Tc = time of concentration (minutes), calculated using the method described below and
subject to equation limitations (6.3 < Tc< 100)

aR,be = coefficients from Table 3.2.1.B (p. 3-13) used to adjust the equation for the design storm
return frequency R

This "iR" equation was developed by DNR from equations originally created by Ron Mayo, P.E. It is
based on the original Renton/Seattle Intensity/Duration/Frequency (I.D.F.) curves. Rather than

requiringa family of curves forvarious locations in King County,this equation adjustsproportionally the
RentordSeattleI.D.F. curve databy using the 24-hourdurationtotal precipitation isopluvial maps. This
adjustment is based on the assumption that the localized geo-climatic conditions that control the total
volume of precipitationat a specific location also control the peak intensities proportionally.

Note: Due to the mathematical limits of the equation coefficients, values of Tcless than 6.3 minutes or
greater than 100 minutes cannot be used. Therefore, real values of T¢less than 6.3 minutes must be

assumed to be equal to 6.3 minutes, and values greater than 100 minutes must be assumed to be equal to
100 minutes.

"T," Time of Concentration

The time of concentration is defined as the time it takes runoff to travel overland (from the onset of
precipitation) from the most hydranlieally distant location in the drainage basin to the point of
discharge. Note: When Cc(see Equation 3-2) of a drainage basin exceeds 0.60, it may be important
to compute Tcand peak rate offlow from the impervious area separately. The computed peak rate of
flow for the impervious surface alone may exceed that for the entire drainage basin using the value at
Tcfor the total drainage basin. The higher of the two peak flow rates shall then be used to size the
conveyance element.

T#is computed by summation of the travel times T, of overland flow across separate towpath
segments defined by the six categoriesof land cover listed in Table 3.2.1.C (p. 3-13), which were
derivedfrom a chart publishedby the Soil Conservation Service in 1975. The equation for time of
concentration is:

T_= T_+/'2+...+Tn (3-5)

where Tl,2,...n= travel time for consecutive towpath segments with different land cover
categories or towpath slope

Travel time for each segment t is computed using the following equation:

L (3-6)T, -
6ff_r

where Tt = travel time (minutes) Note: Tt through an open water body (such as a pond) shall be
assumed to be zero with this method

L = the distance of flow across a given segment (feet)

V = average velocity (fps) across the land cover = ke _-o
where kR = time of concentration velocity factor; see Table 3.2.1.C

so = slope of towpath (feet/feet)
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3.2.1 RATIONALMETHOD

TABLE 3.2.1.A RUNOFF COEFFICIENTS- "C" VALUES FOR THE RATIONAL METHOD

General Land Covers Single Family Residential Areas"

Land Cover C Land Cover Density C

Dense forest 0.10 0.20 DU/GA (1 unitper 5 ac.) 0.17
Lightforest 0.15 0.40 DU/GA (1 unitper2.5 ac.) 0.20
Pasture 0.20 0.80 DU/GA (1 unit per 1.25 ac.) 0.27
Lawns 0.25 1.00 DU/GA 0.30
Playgrounds 0.30 1.50 DU/GA 0.33

Gravel areas 0.80 2.00 DU/GA 0.36
Pavementand roofs 0.90 2.50 DU/GA 0.39
Open water (pond, 1.00 3.00 DU/GA 0.42
lakes, wetlands) 3.50 DU/GA 0.45

4.00 DU/GA 0.48

4.50 DU/GA 0.51
5.00 DU/GA 0.54
5.50 DU/GA 0.57

6.00 DU/GA 0.60

• Based on average 2,500 square feet per lot of imperviouscoverage.
For combinationsof land coverslistedabove, an area-weighted"C_x A7 sum shouldbe computedbased on the
equation C_ x A, = (C1xA1) + (C=xA=)+ ...+(C,x A,), where At = (A_+ A2+ ...+,4,), the total drainage basin area.

TABLE 3.2.1.B COEFFICIENTS FOR THE RATIONAL METHOD "/R" EQUATION

Design Storm Return Frequency ax bR

2 years 1.58 0.58

5 years 2.33 0.63
10 years 2.44 0.64
25 years 2.66 0.65
50 years 2.75 0.65

100 years 2.61 0.63

TABLE 3.2.1.C kR VALUES FOR Tt USING THE RATIONAL METHOD

Land Cover Category kR

Forestwithheavy groundlitterand meadow 2.5

Fallowor minimumtillagecultivation 4.7

Shortgrasspasture and lawns 7.0

Nearly bareground 10.1

Grassedwaterway 15.0

Paved area (sheet flow) and shallowgutterflow 20.0
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3.2.1 RATIONAL METHOD

I FIGURE 3.2.1.D 100-YEAR 24-HOUR ISOPLUVIALS II
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SECTION3.2 RUNOFFCOMPUTATIONAND ANALYSISMETHODS

U3RATIONALMETHODEXAMPLE

Compute the peak flow Q25to size a new roadway cross culvert for a 9.8-acre drainage basin east of Kent,
P25 = 3.42 inches.

Given: AREAS

AI = 4.3 acres of single family residential area at 3.8 DU/GA
A2 -- 2.3 acres of light forest
A3 = 3.2 acres of pasture
At = 9.8 total acres

DESCRIPTION OF FLOWPATH SEGMENTS FOR Tr

LI = 300 feet st = 0.08 forest land cover kR = 2.5
L2 = 200 feet s2 = 0.03 meadow ks = 2.5
/-,3 = 1000 feet s3 = 0.015 grassed waterway (ditch) ks = 15.0

Compute: COMPOSITE RUNOFF COEFFICIENT Cr
Al: C1 = FromTable3.2.1.A(p. 3-13),Cfor4.00DU/GA=O.48, Cfor3.50DU/GA=

0.45. Therefore, Cl for 3.80 DU/GA = 0.47 by visual interpolation.
A2:C2 -- 0.15
A3:(73 -- 0.20

Cc = [(Cl XAI) + ((72XA2) + (C3 x A3)]/A,
= [(0.47 x 4.3) + (0.15 x 2.3) + (0.20 x 3.2)]/9.8 = 0.31

PEAK RAINFALL INTENSITY I/_

First, compute To:

T_= L_= L_ = 300
6ov 6o(ks)

= 7 minutes

7"2= /,2 = L2 = 200
60V2 60(k7,0_'2 ) 60(2.5_)

= 8 minutes

T3 = l-'3 /-'3 = 1000
60V3 = 60(kR%]-Z3) 60(1_)

= 9 minutes

Tc = Tl + T2 + T3 = 7 + 8 + 9 = 24 minutes

Second, compute is for R = 25:

i25 = (as)(Tc) t-b_ = (2.66)(24) "(°'65)= 0.34

Third, compute Is for R = 25:

/25 -- (P25)(i25)= (3.42)(0.34) = 1.16

PEAK RUNOFF RATE

Q2s = C 125a = Cc /25 a = (0.31)(1.16)(9.8) = 3.5 cfs
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3.2.2 KCRTS/RUNOFF FILES METHOD

3.2,2 KCRTS/RUNOFF FILES MFTHOD

The KCRTS/runofffiles implementation of HSPF was developedas a tool thathas the accuracyand
versatility of HSPF butis much simpler to use and provides a frameworkfor efficient design of onsite
stormwater detentionfacilities. This section describes the RunoffFiles Method and KCRTS software.
The terra runofffiles refersto a database of continuous flows presimulatedby HSPF. The KCRTS
software package is a tool forusing this flow database.

The Runoff Files method was developed as a hydrologic modelingtool for westernKing County to
produce results (design flows, detentionpond sizing, etc.) comparable to those obtainedwith the U.S.
EnvironmentalProtectionAgency's HSPF model butwith significantly less effort. This is achieved by
providing the user witha set of 15-minuteand hourlytime series files of unit arealand surface runoff

("runoff files") presimulated with HSPF for a rangeof land cover conditions and soil types within King
County. The design flows are estimated and detentionfacilities aredesigned by directly accessing and
manipulating the runoff file data by means of the KCRTS software.

At present, the basic capabilities of the KCRTS software include:

• Estimating time seriesof flows fora specified landuse andlocation within King County

• Analyzing flow frequency andduration

• Analyzing water surfacefrequency and duration

• Plotting analysis results

• Sizing detention facilities.

Q DEVELOPMENT OF THE RUNOFF FILES

To compile the runoff files, the land surface hydrologic response (represented by a time series of unit area
land surface runoff) was generated by HSPF with regional parameters for a variety of land use
classifications and for two long-term (40-year) hourly rainfall stations, one representing the western
lowlands of King County (Sea-Tat Airport) and the other representing the eastern foothills (Landsburg).
Runoff time serieswere generated with data from these stations for the following eight soil/land cover
types:

• Impervious

• Till forest

• Till pasture

• Till grass

• Outwash forest

• Outwash pasture

• Outwash grass

• Wetland.

These 40-year time series were analyzed to identify a set of seven individual years that could be used as a
substitute for the full record of data in terms of flow durations. Further testing allowed flood frequency
relationships to be developed from the seven years of data selected to represent the 40.year record.
Selection of a comparatively short record on which to base analysis greatly reduces the computational
effort of using continuous simulation without losing the benefit of the information available in the longer
40-year record.

The runoff files include an eighth year in which a hypothetical 100-year event was embedded. This
100-year event was created by scaling up simulated runoff from the severe storm of January 9-10, 1990, to
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SECTION3.2 RUNOFFCOMPUTATIONANDANALYSISMETHODS

produce peak runoff rates and volumes comparableto those for a 100-yearevent. A hypothetical event
was necessary because of its regulatoryimportance(especially for floodplain management) andbecause
the available 40-year recordsdidnot include such an event.

While HSPF simulates surface runoff, interflow, and groundwaterflow, only the surface and interflow
components of runoff are included in the runoff files. The largemajority of developments are
relatively small, and it is often not appropriateto include groundwaterflows in estimates of the surface or
near-surface runoff from a site. For example, in designing detention facilities for a small development on
till soils, the total surface or near-surface runoff from the site would usually consist of surface runoff plus
interflow. Groundwatergenerated on the site would seep throughthe underlying till and may reappear (in
springsor seeps) some considerabledistancefrom the site. An interflow component of runoff is not
computed for outwash soils because there is assumed to be no low-permeability subsurface layer.
Runoff files for onsite detention facility design were thus generated with the following components:

• Till soils -_ surface flow + interflow

• Outwash soils -_ surfaceflow

* Wetland Soils -_ surface flow + interflow

• Impervious surfaces _ surface flow.

The higher elevation eastern portions of King County have a temperature variablehydrologic cycle.
Snowmelt is not accounted for in either the Sea-Tat or Landsburg runoff files. Additional work may be
done to develop snowmelt-based runoff files for use in these areas. In the absence of additional

information, analysis will be performed using the Landsburg runoff files scaled by 1.2 for all points east of
the 1.2 isoline in Figure 3.2.2.A (p. 3-22).
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3.2.2KCRTS/RUNOFFFILESMETHODmGENERATING TIMESERIES

3.2.2.1 GENERATING TIME SERIES

Most hydrologic analyses will require time series of flows for different land use conditions. For example,

to sizea Level1flowcontroldetentionfacility,2-and 10-yearpeaks from the facilitydischarge time
series must be compared with 2- and 10-year peaks from the predevelopment site time series. To generate

a flow time series with KCRTS, the KCRTS user needs to specify the following:

1. The rainfall region of the county within which the project lies (i.e., determine the rainfall station--

Sea-Tac or Landsburg--used in the analysis; see Figure 3.2.2.A, p. 3-22).

2. A multiplier or regional scale factor applied to the runoff files to account for variations in rainfall

volumes between the project site and the rainfall station (see Figure 3.2.2.A, p. 3-22).

3. The time step to be used in the analysis:

• Hourly -- Used for detention sizing and volume analysis

• 15 minutes -- Used for peak flow analysis of conveyance systems; requires length and slope of
the longest unconcentrated surface flowpath for each developed land cover type.

4. The record type used in the analysis:

• Reduced -- Eight-year runoff files data set, used for all analysis

• Historical -- Complete historical runoff record as described in Section 3.3.6 under "Offsite
Closed Depressions" (p. 3-51).

5. The amount of land (acreage) of each soil/cover group for the subbasin under study.

6. The percentage of impervious area that is effectively connected to the drainage system.

Generating a new time series is simply a matter of entering the above data into KCRTS under the "Create
New Time Series" routine. The KCRTS software will then access the appropriate runoff files

(representing unit area runoff), scale those files to reflect the location of the project site, scale the files
again according to the area of each soil/cover group contained on the project site or subbasin in question,
and then sum the scaled files to produce a time series of simulated flows from the site.

El SELECTIONOFPRECIPITATIONRECORDANDREGIONALSCALEFACTOR

As noted in the previous section, runoff files for KCRTS were developed using data from two rainfall
stations, Sea-Tac Airport and Landsburg. The regions within King County to which data from the two
stations apply are shown in Figure 3.2.2.A (p. 3-22). These regions were delineated such that data from

Sea-Tac Airport is applied to the drier western part of the county, while data from Landsburg is applied to
the wetter eastern part of the county, including developable areas in the Cascade foothills. The line
separating the two regions was based on daily rainfall depths.

The regional scale factor is a geographically variable multiplier applied to the flow time series to account

for the considerable variations in rainfall amounts, and hence runoff, within the two regions, especially in
the eastern region represented by rainfall data from Landsburg. Values of the scaling factor are
interpolated from Figure 3.2.2.A (p. 3-22). A regional scale factor of 1.0 should be used for the area
between the two ST 1.0 isolines.

A factor of 1.2 is applied to the Landsburg runoff files for all points east of the 1.2 isoline on

Figure 3.2.2.A. While there is considerably greater variation in runoff in eastern King County than
implied by the 1.2 multiplier, there is insufficient data to justify further refinement.
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3.2.2 KCRTS/RUNOFFFILESMETHOD--GENERATING TIMESERIES

El SELECTIONOFRUNOFFRLETIMESTEPSANDRECORDTYPES

KCRTS runoff files are provided in both hourly and 15-minute time steps. The 15-minute time series

were generated from the original historical hourly precipitation records, which were synthetically
disaggregated into 15-minute time steps using 15-minute rainfall records from hydrologically similar
gages.

The length of the runoff file records, or record type, are either reduced or historical. The reduced

runoff files include eight water years as described on page 3-19. KCRTS can also analyze complete
historical records of up to 99 years of simulated flow data in the historical record types. A set of full
historical records for Sea-Tee and Landsburg have been generated but are applied only in the point of
compliance analysis (see Section 3.3.6) of large storage features with long retention times, such as lakes
and ponds, where storage carryovers between water years may become significant. Application of the
time steps and record types are shown in Table 3.2.2.A below.

TABLE 3.2.2.A SELECTION OF RUNOFF FILE TIME STEPS AND RECORD TYPES

Analysis Type Hourly 15-Minute Runoff File Record Type tl)
Time Steps Time Steps

Flow ControlAnalysis

• ExistingConditions(target Required(2) Reduced (8-year) record
release rates)

• Developed Conditions Acceptable Acceptable Reduced
(facility inflows)

Water Quality Facilities

• Design Flow(60% 2-yr) Required Reduced

• Volume-Based Design Acceptable Acceptable Reduced

Conveyance/Overflow Required Reduced
Features

Level 20ffsite Analysis Acceptablefor Required for
volumeanalysis peak flow

analysis

Closed Depressionor Bypass Acceptablefor Requiredfor Full historicalrunofffiles
Point of Compliance volumeanalysis peak flow required onlyfor analysisof
Analysis(a_ (closed analysis downstream,volume-

depression) (bypass) sensitivedrainage features.

Notes:

(1) The runofffilesdo notcontaina groundwatercomponent. Therefore, KCRTS shouldbe applied
with cautionwhere sourcesof groundwaterexpressthemselves as surface runoff,andthe program
shouldnotbe usedto determinesummerlow-flowconditionsin a stream. However, most analyses
in thismanual are of peak flow conditionswhere the groundwatercontributionis usuallysmall.

(2) Hourlytime steps are usedto determine predeveloped(target) release ratesfor all projectsto
provideforconsistentcontroland protectionagainst cumulativeincreasesin peak flows. If 15-
minutetime steps were used,the predevelopeddischargerates from more quicklyrespondingsites
would be higher,and the onsitedetentionfacilitiesunderdeveloped conditionswouldextend these
rates for several hours. This extensionof higherflowrates increasesthe chancesthat they will
occur simultaneouslywiththe peak flows from slower respondingsitesto create higher overall
peaks in the downstreamdrainagesystem.

(3) See Section3.3.6 (p. 3-51).
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SECTION3.2 RUNOFFCOMPUTATIONANDANALYSISMETHODS

U3 CATEGORIZATION OF SOIL TYPES AND LAND COVER

The Runoff Files method with KCRTS currently supports eight land use classifications: till forest, till
pasture, till grass, outwash forest, outwash pasture, outwash grass, wetland, and impervious. These
classifications incorporate both the effects of soil type and land cover. In the SCS method, four different
hydrologic soil groups are defined (A, B, C, and D) based on soil type as mapped by the SCS. The SCS
also defines hydrologic response for about a dozen different land use or cover types. The SCS method
therefore allows the user a considerably greater degree of flexibility in defining land cover and soil types
than does KCRTS. However, the flexibility and apparent detail available with the SCS method cannot be
supported on the basis of the data used to develop that method. The Runoff Files method minimizes the
number of land use classifications, thereby simplifying both the analysis and review of development
proposals.

KCRTS Soil Groups

Under KCRTS, three soil groups are currently defined: till, outwash, and wetland.

Till Soils

Till soils are underlain at shallow depths by relatively impermeable glacial till. The principal SCS soil
group within King County classified as a till soil is the Alderwood series (SCS hydrological soil group
C), which is the most common soil type throughout the western part of the county. The hydrologic
response of till soils in an undeveloped, forested state is characterized by relatively slight surface
runoff, substantial interflow occurring along the interface between the till soil and the underlying
glacial till, and slight groundwater seepage into the glacial till.

Also included in the KCRTS till soil group are bedrock soils, primarily Beausite and Ovail soils,
which are underlain by either sandstone or andesite bedrock, and a large group of alluvial soils.

Alluvial soils are found in valley bottoms. These are generally fine-grained and often have a high
seasonal water table. There has been relatively little experience in calibrating the HSPF model to
runoff from these soils, so in the absence of better information, these soils have been grouped as till
soils. Most alluvial soils are classified by the SCS in hydrologic soil groups C and D.

Outwash Soils

Outwash soils are formed from highly permeable sands and gravels. The principal SCS soil group
classified as an outwash soil is the Everett series. Where outwash soils are underlain at shallow
depths (less than 5 feet) by glacial till or where outwash soils are saturated, they should be treated as
till soils for the purpose of KCRTS application.

Wetland Soils

Wetland soils have a high water content,arepoorly drained,and are seasonally saturated. For the
purposes of applying KCRTS, wetland soils can be assumed to coincide with wetlands as defined in
the currentKing County Sensitive Areas Ordinance.

The approximatecorrespondencebetween SCS soil types and the appropriateKCRTS soil group is given
in Table 3.2.2.B (p. 3-25). If the soils underlyinga proposedprojecthave notbeen mapped, or if existing
soils maps are in error ornot of sufficient resolution,then a soils analysis and reportshall be preparedand
stampedby a professional civil engineer with expertise in soils to verify underlyingsoil conditions.
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;3.2.2KCRTS/RUNOFFFILESME'THOD--GENERATING TIMESERIES

TABLE 3.2.2.B EQUIVALENCE BETWEEN SCS SOIL TYPES AND KCRTS SOIL TYPES

SCS Soil Type SCS KCRTS Soil Notes
Hydrologic Group
Soil Group

Alderwood (AgB, AgC, AgD) C Till
Arents, Alderwood Material (AmB, AmC) C Till

Arents, Everett Material (An) B Outwash 1
Beausite (BeC, BeD, BeY) C Till 2

Bellingham (Bh) D :rill 3
Briscot (Br) D Till 3

Buckley (Bu) D Till 4
Earlmont (Ea) D Till 3
Edgewick (Ed) C Till 3
Everett (EvB, EvC, EvD, EwC) A/B Outwash 1
Indianola (InC, InA, InD) A Outwash 1
Kitsap (KpB, KpC, KpD) C Till
Klaus (KsC) C Outwash 1
Neilton (NeC) A Outwash 1

Newberg (Ng) B Till 3
Nooksack (Nk) C Till 3
Norma (No) D Till 3
Orcas (Or) D Wetland

Oridia (Os) D Till 3
Ovall (OvC, OvD, OvF) C Till 2
Pilchuck (Pc) C Till 3

Puget (Pu) D Till 3
Puyallup (Py) B Till 3

Ragnar (RaC, RaD, RaC, RaE) B Outwash 1
Renton (Re) D Till 3
Salal (Sa) C Till 3
Sammamish (Sh) D Till 3
Seattle (Sk) D Wetland
Shalcar (Sm) D Till 3
Si (Sn) C Till 3
Snohomish (So, Sr) D Till 3

Sultan (Su) C Till 3
Tukwila (Tu) D Till 3
Woodinville (Wo) D Till 3
Notes:

1. Where outwash soilsare saturatedor underlainat shallowdepth (<5 feet) by glacialtill, they should
be treated as tillsoils.

2. These are bedrocksoils,but calibrationof HSPF by KingCountyDNR showsbedrocksoilsto have
similarhydrologicresponseto tillsoils.

3. These are alluvialsoils,some of whichare underlainby glacial tillor have a seasonallyhighwater
table. In the absence of detailed study,these soilsshouldbe treatedas till soils.

4. Bucldeysoilsare formed onthe low-permeabilityOsceola mudflow. Hydrologicresponseis
assumedto be similarto that of tillsoils.
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SECTION3.2 RUNOFFCOMPUTATIONANDANALYSISMETHODS

KCRTSLand Cover Types

KCRTS supports four land cover types: forest, pasture, grass, and impervious. These cover types shall be
applied as specified in Table 3.2.2.C (below).

TABLE 3.2.2,C KCRTS COVER GROUPS AND AREAS OF APPLICATION

KCRTS APPLICATION

Cover Group Predevelopment Post-Development

Forest All forest/shrubcover, irrespectiveof All permanent (e.g., protected by
age. covenant or SAC designation)onsite

forest/shrubcover, irrespectiveof age,
planted at densitiessufficientto ensure
80%+ canopy coverwithin5 years.

Pasture All grassland,pastureland, lawns, and Unprotectedforest in rural residential
cultivatedor cleared areas, except for developmentmay be consideredhalf
lawns in redevelopmentareas with pasture,half grass.
predevelopmentdensitiesinexcess of
4 DU/GA..

Grass Lawnsin redevelopmentareas wi_ All post-developmentgrasslandand
predevelopmentdensitiesin excessof landscapingand all onsiteforested land
4 DU/GA.. notprotected by covenant or SASA

designation(except in ruralareas as
notedabove).

Wetland All delineatedwetlandareas (except All delineated wetland areas (_xcept
cultivated/drainedfarmland), cultivated/drainedfarmland).

Impervious(1) All impervioussurfaces,including All impervioussurfaces, including
heavily compactedgravel and dirt compacted gravel and dirt roads,parking
roads, parkingareas, etc., and open areas, etc., and open water bodies,
water bodies(pondsand lakes), includingonsite detention and water

quality ponds.

(1) Imperviousacreage used in KCRTS computationsshouldbe the effective impervious area
(EIA). This is the grossimperviousarea multipliedby the effective imperviousfraction (see
Table 3.2.2.E, p. 3-28). Non-effectiveimperviousareas are consideredthe same as the
surroundingperviousland cover.

The following four factors were considered in specifying the above land cover types to be used in
hydrologic analysis with KCRTS:

• Cover types are applied to anticipate ultimate land use conditions For example, probable clearing
of woodland after development is nominally complete suggests that the post-development land use be
specified as grassland (either pasture or grass) unless the forest cover is protected by covenant.

• In areas of redevelopment, there are often significant changes between the predevelopment and post-

development efficiencies of the drainage system. For example, in conversion of low density
residential areas to higher density land use, impervious areas prior to redevelopment may not be
efficiently connected to a drainage system (e.g., downspouts draining to splash blocks, ditched instead
of piped roadway systems). These problems are addressed by defining an "effective impervious

fraction" for existing impervious areas and by generally requiring predevelopment grasslands to be
modeled as pasture land.
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3.2.2 KCRT$/RUNOFF FILES METHOD n GENERATING TIME SERIES

• Allonsite,predevelopmentforest/shrubcoverandalloffsiteforest/shrubcoverisdefinedas"forest,"
irrespectiveofage.Post-developmentonsitelanduseisdefinedasforestedonlyifforestedareasare
inasensitiveareabufferorareotherwiseprotectedandwillhaveaminimum80% canopycover
within5years.Inurbanareas,unprotectedonsiteforestcovershouldbetreatedaseither
pastureorgrassinthepost-developmentanalysis.Inruralareas,unprotectedforestcovershould
beassumed50% grass,50% pasture.

• TheHSPF grassparametersweredevelopedbytheUSGS studyofregionalhydrologyandhave
generallybeeninterpretedasprovidingthehydrologicresponsefor"urban"grasslands(lawns,etc.),
whichhaverelativelylowinfiltrationratesandaredrainedeffectively.TheHSPF "pasture"
parametersweredevelopedbyKingCountyDNR toprovideahydrologicresponseintermediatetothe
USGS forestandgrassparameters,asmightbetypifiedbyungrazedorlightlygrazedpasturewith
goodgrasscover.Becauseitisimpossibletoadequatelycontrolgrasslandmanagementafter
development,allpost-developmentgrasslandshouldbemodeledas"grass"(withtheexceptionof
unproractedforestinruraldevelopmentasnotedabove).Allpredevelopmentgrasslandshouldbe
modeledas"pasture"exceptforredevelopmentofareaswithpredevelopmentlandusedensitiesof4
DU/GA orgreater(whicharemodeledasgrass).

O CALCULATION OF IMPERVIOUS AREA

Total Impervious Coverage

Table 3.2.2.D (p. 3-28) lists percent impervious coverage for use in KCRTS analysis of existing
residential areas. The tabulated figures are useful in offsite analysis that includes large developed
residential areas, making a detailed survey of impervious coverage impractical.

Impervious coverage for proposed residential and commercial development must be estimated for each
specific proposal, Impervious coverage of streets, sidewalks, hard surface trails, etc., shall be taken from
layouts of the proposal. House/driveway or building coverage shall be as follows:

• For urban residential development, the assumed impervious coverage shall not be less than 4,000
square feet per lot or the maximum impervious coverage permitted by code (K.C.C. 21A. 12.030),
whichever is less.

• For rural residential development, the assumed impervious coverage shall not be less than 8,000
square feet per lot or the maximum impervious coverage permitted by code, whichever is less.

• For commercial or multi-family development, impervious coverage shall be estimated from layouts of
the proposal.

Effective Impervious Area

The net hydrologic response of an impervious area depends on whether that area is effectively connected
(usually by pipes or a channel) to a storm drainage system. The impervious area that the user inputs to
KCRTS is the "Effective Impervious Area" (EIA), the total impervious area multiplied by the effective
impervious fraction (see Table 3.2.2.E, p. 3-28).

Non-effective impervious area (i.e., total impervious area less EIA) is assumed to have the same

hydrologic response as the immediately surrounding pervious area. For example, for existing
residential areas with rooftops draining to splash pads on lawns or landscaping, the non-effective portion
of the roof areas would be treated as pasture for predevelopment conditions (if DU/GA < 4.0) and grass
for post-development conditions. Note: Creditsfor infiltration of downspouts on individual
lots inproposed single family residential subdivisions are applied separately on a site-specific basis (see
Note 3, Table 3.2.2.E).

The effective impervious fraction can be selected from Table 3.2.2.E or determined from detailed site

surveys. With the exception of figures for compacted gravel and dirt roads and parking lots, the figures in
Table 3.2.2.E are average figures cited by the USGS (Dinicola, 1990).
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SECTION3.2 RUNOFFCOMPUTATIONAND ANALYSISMETHODS

TABLE 3.2.2.D PERCENT IMPERVIOUS COVERAGE FOR EXISTING RESIDENTIAL AREAS

Dwelling Units/Gross % Impervious(1) Dwelling Units/Gross % Impervious
Acre Acre

1.0 DU/GA 15(2) 4.5 DU/GA 46

1.5 DU/GA 20 5.0 DU/GA 48

2.0 DU/GA 25 5.5 DU/GA 50

2.5 DU/GA 30 6.0 DU/GA 52

3.0 DU/GA 34 6.5 DU/GA 54

3.5 DU/GA 38 7.0 DU/GA 56

4.0 DU/GA 42 7.5 DU/GA 58

For PUDs, condominiums,apartments,commercial businesses,and
industrialareas, percent imperviouscoverage must be computed.

Notes:

o) Includes streetsand sidewalks.

_z)These figuresshould be adjustedby the effective imperviousfractiongiven inTable 3.2.2.E, if
applicable. Values fromTable 3.2.2.E may be interpolatedas necessary.

i TABLE_ EFFECTIVE IMPERVIOUS FRACTION ("

Land Use Predevelopment Post-Development

Commercial, Industrial, or Roads with Collection System 0.95 1.00

Multi-Familyor High DensitySingle Family(i) (>4 DU/GA) 0.80 1.00(3)

Medium DensitySingle Family(2)(4 DU/GA) 0.66 1.00(3)

LowDensity Single Family(2)(1 DU/GA) 0.50 1.00(3)

Rural(i) (< 1 DU/GA) 0.40 1.00(3)

Gravel/Dirt Roads and ParkingLots, Roads without 0.50 0.50
CollectionSystem

Notes:

o) The effective impervious fraction is the fractionof actual total imperviousarea connectedto the
drainage system. These figuresshouldbe used inthe absenceof detailed surveysor physical
inspection(e.g., via pipe,channel, or short sheet flowpath).

_2) Figuresfor residentialareas includeroadways.

_) Where downspoutinfiltrationis used, roofsare not countedas impervious area when sizingthe flow
controlfacility. Roofs are consideredgrasswhere downspoutsare dispersed in ruralresidential
development,or where dispersedflowpathsexceed 50 feet in urbanresidentialdevelopment (see
Section 5.1.2 for limitationson roof downspoutdispersion).

9/1/98 1998 SurfaceWater Design Manual
3-28

AR 031879



3.2.2 KCRTS/RUNOFFFILESMETHOD--GENERATINGTIMESERIES

Example

_- Determining the KCRTS land use data for an existing 20-acre residential area, with an average lot size
of 9600 square feet (4.5 DU/GA), surrounding a 5-acre forested open space tract would entail the
following calculations:

From Table 3.2.2.D, the portion of basin assumed impervious at 4.5 DU/GA

Total Impervious = 0.46 x 20 acres = 9.2 acres
Existing Pervious (grass) = 20 acres - 9.2 acres = 11.8 acres
Existing Pervious (forest) = 5 acres

From Table 3.2.2.E, the effective impervious area

Effective Impervious Fraction = 0.8 (at 4.5 DU/GA)
Effective Impervious Area = 0.8 x 9.2 acres = 7.36 acres
Non-Effective Impervious Area = 9.2 acres - 7.36 acres = 1.84 acres

Add the non-effective impervious area to the area of the surrounding pervious land cover.

Total Grass Area = 11.8 acres + 1.84 acres = 13.64 acres
Total Forest Area -- 5 acres
Effective Impervious Area -- 7.36 acres

These are the acreages that would be input into the KCRTS model when creating the time series.
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SECTION3.2 RUNOFFCOMPUTATIONANDANALYSISMETHODS

3.2.2.2 TIME SERIES STATISTICAL ANALYSIS

When using KCRTS to size flow control, water quality, and conveyance facilities, design flows and
durations must be determined through statistical analysis of time series data generated by KCRTS.
KCRTS provides for statistical analysis of both flow frequency and flow duration as described in this

section. Flow frequency analysis is used for determining design peak flows whileflow duration analysis
is used for determining durations of flow exceedance.

Q FLOWFREQUENCYANALYSIS

Flow frequency is a commonly used but often misunderstood concept. The frequency ofa givenflow is

the average return interval for flows equal to or greater than the given flow. Tbe flow frequency is actually
the inverse of the probability that the flow will be equaled or exceeded in any given year (the exceedance
probability). For example, if the exceedance probability is 0.01, or 1 in 100, that flow is referred to as the

100-year flow. Assuming no underlying changes in local climate, one would expect to see about 10 peak
annual flows equal to or greater than the 100-year flow in a 1,000 year period. Similarly, the 2-year flow
is the flow with a probability of 0.5, or 1 in 2, of being equaled or exceeded in any given year. In a 100-
year period, one would expect to observe 50 peak annual flows greater than or equal to the 2-year flow.
The number of peak annual flows actually equal to the 2-year flow may be zero, since peak annual flows
come from a continuous spectrum.

There are many methods for estimating exceedance probabilities and therefore flow frequencies. The
USGS Bulletin 17B methods are commonly used, as are graphical methods using either the Gringorten,
Cunane, or Weibull plotting schemes (Maidment, 1993). Graphical methods for flow frequency

estimation involve assigning exceedance probabilities, and therefore return intervals, to each annual peak
in a series of annual peak observations, and then plotting the peak flows against their assigned return
periods. This plot is known as aflow-frequency curve, and it is a very useful tool for analyzing flood
probabilities. Examples of flow-frequency curves for a small basin under various conditions are shown in
Figure 3.2.2.B (p. 3-31).

Flow-frequency curves are used in continuous flow simulations to determine the effect of land use

change and assess the effectiveness of detention facilities. Using continuous methodology to design
detention facilities to control peak flows, the analyst must match the post-development (detained) and
predevelopment flow-frequency curves at the frequencies of interest, as shown in Figure 3.2.2.B (p. 3-31),

rather than match specific design events as when using an event model. KCRTS provides flow-frequency
estimates and graphs flow-frequency curves from time series of either flow rates or water levels.
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[ FIGURE3.2.2.B EXAMPLEFLOW FREQUENCYANALYSIS II

Undetained Developed R_t,,_P_
0 2 5 I0 ZD 50 100
-- I ) I I I )

x posLdev.pks in 5eo-Toc
o pre_dev.pks

x

X

X X XX
X X 19

0

o

h

_'_

0
r"
u

N

C

I I I I I I I I I I I I I I
2 5 I 0 20 30 40 50 60 70 80 qO _5 q8 _9

Comulotive ProbQbilffy

Detained Developed
- Return Period
0 2 5, 10 _ 5O 100
-- I I I I I I

x LevellRD.pks in 5eo-Toc
o pre_dev.pks

X

h

u'o
,, "-_ LevelIFlow

IControl [
-" |matches 2-,and|

/]O-yeara.nua'l

1::3O "" ,

I I i I I I I I I I I I I I
2 5 I0 20 30 40 50 60 70 80 (r0 45 q8 q9

Cut_ulot_ve Probob(lily

1998 Surface Water Design Manual 911/98
3-31

AR 031882



SECTION 3.2 RUNOFFCOMPUTATIONANDANALYSISMETHODS

Flow frequency information is derived from the 8-year time series flow file by assigning predetermined

frequencies, or return periods, to the peak annual events in the mnofffile. For example, a return period of
100 years is assigned to the peak annual flow from the highest ranked annual peak (hypothetical 100-year ....
runoff event based on runoff for January 1990). These return periods were determined by King County
DNR through analysis of the full 40-year record from which the runoff files were derived. The return
periods used in KCRTS are as follows:

Rank of Annual Peak Reduced Record
Retum Periods

one 100-year

two 25-year

three 10-year

four 5-year

five 3-year

six 2-year

seven 1.3-year

eight I d-year

Note: The 50-year peak flow is interpolated from the first and second ranked annual peak flows.

Q FLOW DURATIONANALYSIS

Flow durations are important because they show the change in duration of all high flows rather than the

change in frequency of the peak annual flows. Channel scour and bank erosion rates rise proportionally
with increases in flow durations. Flow duration analysis can only be conducted with continuous flow
models or from gage records. ....

Aflow duration curve is simply a plot of flow rate against the percentage of time that the flow rate is
exceeded. In a continuous flow model, the percent exceedance of a given flow is determined by counting
the number of time steps during which that flow is equaled or exceeded and dividing that number by the

total number of time steps in the simulation period. In KCRTS the percentage of time is based on analysis
of the first 7 years of the simulated runoff file (i.e., excluding water year 8, which contains a scaled 100-
year peak flow event). Flow duration curves are usually plotted with a linear flow scale versus a log scale

of percent exceedance. The log scale for exceedance percentage is used because geomorphically
significant flows (flows capable of moving sediment) and flows that exceed the 2-year flow typically occur
less than one percent of the total time.

Durations for Flow Control Standards

The Level 2 flow control standard described in Section 3.1.2 (p. 3-5) requires matching predevelopment
and post-development flow duration curves for all flows greater than one-half of the 2-year flow up to the
50-year flow. Note: This performance standard is slightly modified for the reduced 8-year record used by
KCRTS since there is not a 50-year peak flow in the shortened record. The modified standard calls for

maintaining predevelopment durations of all flows in the first 7 years of the record greater than one-half
of the 2-year peak flow. Usually, the largest peak flow rate of the first 7 years has an associated return
frequency of 25 years.

KCRTS provides flow duration curves for either flows or water levels. To support facility design, KCRTS
will create a "target" predevelopment duration curve for the range of flows being analyzed. To simplify

design, brief excursions _ above the target predevelopment duration curve are allowed for flows greater
than 50 percent of the predevelopment 2-year. These excursions shall not increase the discharge by more
than 10% at any duration level. This allows efficient design using only two orifices for most applications;

1 Briefexcursionsmaynot result inmore than50*/.of the targetdurationcurve beingexceeded.
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see the KCRTS Computer Software Reference Manual fora detailedexample. An example of a flow
durationanalysis is shown in Figure 3.2.2.C (p. 3-34).

The Level 3 flow control standard matches predevelopmentandpost-development flow durationsover
the same range of predevelopment flows as the Level 2 flow control standard. In addition, the 100-year
post-development peak flow must be contained within the facility and controlled to predevelopment levels.
This standard provides additional storage volume over the Level 2 flow control facility, which
substantially mitigates the impacts of increased volumes of surface runoff on downstream, volume-
sensitive flooding problems.

The Level 1 flow control standard does not require flow duration analysis because it addresses peak
flows only.
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I FIGURE 3.2.2.C EXAMPLE FLOW DURATION ANALYSIS [[
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3.2.3 HSPF MODEL

3.2.3 HSPF MODEL
HSPF is the parent model from which the KCRTS Runoff Files method is built. It is a very versatile
continuous hydrologic/hydraulic model which allows for a complete range of hydrologic analysis. This
model has been extensively used in King, Snohomish, and Thurston counties and found to be an accurate

tool for representing hydrologic conditions in this area. The USGS has developed regional parameters to

describe the common soil/cover combinations found in this area. In many cases, these regional parameters
can be used to represent rainfaU/mnoff relationships in lieu of site-specific calibration parameters.

Unfortunately, the HSPF model is very difficult to use. Design engineers using HSPF should study this
model in detail and obtain training before using it on a project. For these reasons, the HSPF model is

recommended only for large and complex projects where the capabilities of KCRTS are too limited.

The strengths of HSPF relative to KCRTS are as follows:

1. HSPF can be calibrated to local site conditions.

2. HSPF can model, link, and route many separate subbasins.

3. HSPF includes the groundwater component of streamflow.

4. HSPF can address groundwater connections and perform low-flow analysis.

5. HSPF can handle more complex hydrologic routing (e.g., evaporation, seasonal infiltration, etc.).

The HSPF model is generally recommended for large sites where these additional features are
required for comprehensive hydrologic and/or hydraulic analysis. Anyone planning a project that is

large enough to require Large Site Drainage Review and submittal of a Master Drainage Plan (MDP) per
Section 1.1.2.4 should meet with DDES MDP review staff regarding appropriate hydrologic analysis prior
to initiating such analysis. If a large site drains to either a Class 1 wetland, a salmonid stream with low-
flow sensitivities, or a groundwater recharge area, it is likely that the County will require a calibrated
HSPF model. If a large site drains to erosion-sensitive streams or has features with complex hydraulics,
the County may recommend or require an HSPF model using the USGS regional parameters. Smaller or
less sensitive subbasins within a MDP area can be analyzed with KCRTS.

Additional data is required to develop an HSPF model. At a minimum, development of an HSPF
model requires collection of onsite rainfall data for a period from seven to twelve months. This data is

used to determine which regional long-term rainfall record is most appropriate for modeling the site and
for determining transposition factors for the long-term records. If calibration is required, the onsite rainfall
data is used. Calibration also requires the installation of flow gages and the collection of flow data against
which simulated flows can be compared. HSPF analysis is based on simulations with long-term rainfall
records (greater than 30 years). Long-term precipitation records in HSPF format can be obtained from the
County for the Sea-Tac, Landsburg, and Carnation gages.

Land surface representation with HSPF follows the same procedures and classification as used with
KCRTS.

Conceptually, the outputs required from an HSPF analysis are consistent with those required from a
KCRTS analysis, including frequency and durational analysis. Flow and/or water level frequencies shall
be estimated using the full set of annual peaks from the long-term simulations using the USGS Bulletin
17B methods as well as the Gringorten or Cunane graphical methods. Durational analyses can be
produced from the HSPF model and the results presented graphically. If a Class 1 wetland is modeled,
water level analyses may be required. Monthly, seasonal, and annual water balance and flow information,
if appropriate, can be calculated with the HSPF model.
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SECTION3.2 RUNOFFCOMPUTATIONANDANALYSISMETHODS

3.2.4 STORAGE ROUTING/WATER LEVEL ANALYSIS METHODS

This section presents the methods used for sizing and analyzing detention storage and determining water
levels for ponding water bodies. It begins with an introduction to the level pool routing technique (the
basic method of storage routing used in King County) and then describes how this technique is used by
KCRTS for storage routing of runoff time series and assessment of water levels.

13 INTRODUCTION TO LEVEL POOL ROUTING

The level pool routing technique is one of the simplest and most commonly used routing methods. It is
described in the Handbook of Applied Hydrology (Chow, Ven Te, 1964) and elsewhere, and it is based on
the continuity equation:

Inflow - Outflow = Change in storage

where I = inflow at time 1 and time 2
O = outflow at time 1 and time 2

S ffi storage at time I and time 2
At = time interval, t2 - t_

The time interval, At, must be consistent with the time interval of the inflow hydrograph or time series. As
indicated in Section 3.2.2, the time interval used for sizing and analyzing flow control facilities can be
either 15minutes or 60 minutes as specified in Table 3.2.2.A (p. 3-23). The At variable can be eliminated
by dividing it into the storage variables to obtain the following rearranged equation:

11+ 12+ 2S1 - O1= 02 + 2S2 (3-8)

If the time interval, At, is in minutes, the units of storage Sare now [cf/min] which can be approximated to
cfs by multiplying by 1 min/60 see.

The terms on the left-hand side of the equation are known from the inflow time series and from the storage
and outflow values of the previous time step. The unknowns 02 and $2can be solved using the stage-
storage and stage-discharge relationships for the storage facility being analyzed or sized. The level pool
routing procedure calls for this calculation to be made for each time step of the inflow time series in order
to generate the outflow time series for the facility. Because of the repetitive nature of this procedure, it is
best performed using a computer.

The KCRTS program includes a routine, described later in this section, for executing the level pool
routing procedure. Level pool muting using KCRTS requires that the stage-storage and stage-discharge
relationships be determined as explained below.

Developing the Stage-Storage Relationship

The following methods and equations are used for determining the stage-storage relationships of various
facility types:

* Facilities with Vertical Sides

For vertical-sided facilities suchas vaults, the stored volume is simply the bottom area times the
height.
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• Ponds with 3:1 Side Slopes

For ponds with 3:1 side slopes, the stored volume can be approximated by averaging the pond surface
area with the bottom area. The following equation was derived based on this assumption and for a
square pond but provides a reasonable trial estimation for typical ponds of other shapes.

S(H) = 12 H3+ 64"AbH2 + AbH (3-9)

where H = stage height (ft) or water depth above pond bottom
Ab = area of pond bottom (sf)

S(H) = storage (cf) at stage height H

Note: Actual pond volumes and surface areas should be computed based on the methods outlined in
Reference Section 6-B, or thefoUowing equation:

V = h(A,+ab+ _F'_) (3-10)
3

where h = depth
At = area of top
Ab= area of the bottom

* Irregularly Shaped Storage Areas

Tb.estage-storage relationship for irregularly shaped storage areas may be developed as follows:

1. Obtain topographic contours of an existing or proposed storage facility site and determine (with a
planimeter or otherwise) the area enclosed by each contour. For example, in Figure 3.2.4.A
(p. 3-38) each contour represents a one-foot interval. Contour 71 is the lowest portion of the site
and represents zero storage. Contour 76 represents a potential stage of 5 feet above the bottom
the facility.

2. Calculate the average end area within each set of contours. For the example in Figure 3.2.4.A, the
average end area between contours 71 and 72 would be:

600+ 4400
= 2500 sf

2

3. Calculate the volume between each set of contours by multiplying the average end area within
each set of contours by the difference in elevation. To illustrate, the volume between contours 71
and 72 would be:

(2500 st3(1 f't) = 2500 cf

Similarly,

Area 72-73 = 6550 cf
Area 73-74 = 10,050 cf
Area 74-75 = 12,950 cf
Area 75-76 = 16,750 cf
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4. Define the total storage below each contour. This is just the sum of the volumes computed in the
previous step up to the contour in question. For example, there is no storage below contour 71,
2500 cf below contour 72, and (6550 + 2500) = 9050 cf below contour 73.

In summary,
Contours Stage Sum of Volumes Total Volume

Contours 71-72 1 0 + 2500 = 2500 cf
Contours 72-73 2 2500 + 6500 = 9050 cf
Contours 73-74 3 9050 + 10,050 = 19,100 cf
Contours 74-75 4 19,100 + 12,950 = 32,050 cf
Contours 75-76 5 32,050 + 16,750 = 48,800 cf

Figure 3.2.4.B below is a plot of the stage-storage relationship for this example.

I FIGURE 3.2.4.A STORAGE SITE CONTOURS AT ONE-FOOT INTERVALS II

Area within each
contour

,, ooo73 8700 sq. ft.
74 74 11,400 sq. ft.

77 73 75 14,500 sq. ft. _

76 19,000 sq. ft..
II

FIGURE 3.2.4.B STAGE-STORAGE RELATIONSHIP I

,--6

o 4

0

0 10 20 30 40 50

STORAGE (cubic feet/1000)
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3.2.4 STORAGEROLrTIHG/WA_ LEVELANALYSISMETHODS

Developing the Stage-Discharge Relationship

The stage-discharge relationship is determined by computingthe peak discharge rate for each stage height
used in the stage-storage relationship. Peak discharge rates are computed using the appropriate flow
equation(s) or headwater data corresponding to the type of outlet present or proposed.

121LEVEL POOL ROUTING USING KCRTS

KCRTS supports level pool routing of time series as described in the preceding pages. To analyze an
existing storage facility, the stage-storage and stage-discharge relationships are defined as explained above
and input into KCRTS as "routing data." When sizing a new facility, KCRTS will automatically define
these relationships. In addition to surface discharges, the user may define a stage variable permeable area
and a constant infiltration rate for a storage feature. Infiltrated runoff is not saved to an outflow time
series. Infiltration rates for most soils in King County under saturated conditions are slow, and permeable
areas and infiltration rates are usually set to zero for simplicity. See Section 5.4 for considerations on the
use of infiltration.

Routing is performed with the Route-1 Outlet (single discharge), Route.2 Outlet (dual discharge-
"flow splitter"), and Facility routines of KCRTS as described in the program documentation.
Whenever a time series is routed through a storage feature, KCRTS automatically generates an outflow
time series containing both flow and stage records. In addition to normal applications as a flow time
series, the time series can be analyzed for water levels in the storage feature.

El ASSESSING WATER LEVEL STATISTICS WITH KCRTS

KCRTS allows analysis of time series for water level statistics in the same manner as with flow statistics.

Using the outflow time series, KCRTS can plot stages over a one-month time period, estimate return
frequencies for various stages, plot a stage-frequency curve, and conduct stage duration analysis. The
only water level analysis specifically required by this manual is stage frequency analysis. Other water
level analysis capabilities are supported by KCRTS, but are not required anywhere in this manual.

Stage frequency analysis consists of estimating and plotting recurrence estimates for water levels within a
storage feature in the same manner as flow frequency analysis is conducted for discharges. Stage
frequency analysis is required for assessing runoff impacts to offsite closed depressions and ponding areas
as required under Core Requirements 2 and 3, and as discussed Section 3.3.6, "Point of Compliance
Analysis" (p. 3-51).

El ASSESSING ANNUAL AVERAGE RUNOFF VOLUMES WITH KCRTS

The Compute Volume routine, in the KCRTS Analysis Tools menu, can be used to compute the volume of
runoff (surface + interflow) of a time series. For the reduced runoff files, the analysis is performed over
the first 7 years (10/01/00 - 09/30/07); for the historical runoff files, the entire period of record is used.
The total volume is divided by the number of full water years being analyzed to determine the annual
average runoff volume.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

3.3 HYDROLOGIC DESIGN PROCEDURES AND
CONSIDERATIONS

This section presents the design procedures and considerations for sizing flow control facilities to meet the
required hydrologic performance specified in Core Requirement #3, Section 1.2.3. It includes the

following procedures and special considerations for proper hydrologic design:

* "General Hydrologic Design Process," Section 3.3.1

• "Flow Control Design with KCRTS," Section 3.3.2 (p. 3-43)

• "Conveyance System Design with KCRTS," Section 3.3.3 (p. 3-46)

• "Safety Factors in Hydrologic Design," Section 3.3.4 (p. 3-47)

• "Design Options for Addressing Downstream Problems," Section 3.3.5 (p. 3-48)

• "Point of Compliance Analysis," Section 3.3.6 (p. 3-51)

• "Onsite Closed Depressions and Ponding Areas," Section 3.3.7 (p. 3-54).

3.3.1 GENERAL HYDROLOGIC DESIGN PROCESS

This section presents the general process involved in conducting a hydrologic analysis using the runoff
computation and analysis methods in Section 3.2 to design flow control facilities for a project. The
process is described as follows:

1. Review the core and special requirements in Chapter 1 to determine all requirements that will apply
__ to the proposed project.

a) Determine the applicable flow control standard (basic outflow performance criteria).

b) If downstream problems are identified through offsite analysis per Core Requirement #2,
determine if they will necessitate additional onsite flow control or other measures as described in
Section 3.3.5 (p. 3-48).

2. Determine and demonstrate in the Technical Information Report (see Section 2.3) the existing site
conditions per Core Requirement #3, How Control (see Section 1.2.3).

3. Identify and delineate the drainage basin for each natural discharge location 2 from the project site.

a) Identify existing drainage features such as streams, conveyance systems, detention facilities,
ponding areas, depressions, wetlands, etc.

b) Identify existing land uses.

c) Identify soil types using SCS soil survey or onsite evaluation.

d) Convert SCS soil types to KCRTS soil classifications.

4. Select and delineate appropriate subbasins, including subbasins tributary to major drainage features
and important conveyance points, and subbasins for separate computation of onsite flows and offsite
flows.

5. Determine hydrologic parameters for each subbasin under existing conditions.

a) Determine appropriate rainfall region and regional scale factor.

b) Categorize soil types and land cover per Table 3.2.2.B (p. 3-25) and Table 3.2.2.C (p. 3-26).

c) Determine total impervious areas and effective impervious areas within each subbasin.

2 ThenaturaldischargeIocalionisthelocationwhererunoffleavestheprojectsiteunderexistingsiteconditions.
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d) Determine areas for each soil/cover type in each subbasin.

6. Determine the runoff time series for existing site conditions at each natural discharge location.

a) Compute the existing site condition runoff time series for each subbasin using hourly time steps.

b) For subbasins that drain to a drainage feature with significant detention storage (e.g.,
existing detention facilities, ponding areas, closed depressions), route the runoff time series

through the feature per the storage routing methods in Section 3.2.4 (p. 3-36). This will yield an
attenuated flow series, which becomes the effective runoff time series for that subbasin.

c) Sum the appropriate subbasin runoff time series to obtain the total runoff time series for each
natural discharge location.

d) Determine the 100-year peak flow for each natural discharge location.

7. Repeat Steps 4 through 6 for the proposed post-development site condition.

8. Compare the 100-year peak flows for existing and post-development site conditions at each natural
discharge location.

a) Check the "Discharge Requirements" criteria in Core Requirement #I to determine the
acceptable manner of discharge from the project site.

b) Check the flow control exemptions in Core Requirement #3 to determine if a flow control
facility is required.

c) Check the requirement for offsite bypass in Core Requirement #3 to determine if offsite flows
entering the project site must be conveyed around onsite flow control facilities.

9. If flow control facilities are required, determine their location and make any necessary adjustments to
the developed condition subbasins.

I0. Design and size ea:h flow control facility using the methods described in Section 3.2 and the
KCRTS design procedure in Section 3.3.2.

a) Analyze the appropriate existing site condition runoff time series to determine target release rates
fortheproposedfacility.Note:Ifthetargetreleaseratesarezero,an infiltrationfacilitywillbe
required.

b) Compute thepost-developmentrunofftimeseriesfortheproposedfacility.

c) Use thepost-developmentrunofftimeseriesand aniterativeprocesstosizethefacilitytomeet
therequiredlevelofperformancesetforthinCoreRequirement#3. SeetheKCRTS User's
Guideforproceduresinsizingflowcontrolfacilitiesusingcontinuousflowseries.

II.Designrequiredonsiteconveyancesystemsusingtheappropriaterunoffcomputationmethod(either
theRationalmethodorKCRTS/Runoff Filesmethodwith15-minutetimesteps)asspecifiedin
Section3.2(p.3-9).

9/1/98 1998 SurfaceWater Design Manual
3-42

AR 031892



3.3.2 FLOW CONTROL DESIGN WITH KCRTS

3.3.2 FLOW CONTROL DESIGN WITH KCRTS

Flow control facility design using the KCRTS Size a RID Facility routineinvolves fourbasic steps:

1. Determiningthe statisticalcharacteristics(peaksor durations)of predevelopmenthourly flows which
set the targets for the facility release rates,

2. Developing preliminary facility volume and orifice configuration using the Test Inflow Hydrograph
List,

3. Routing post-development flow time series through the preliminary facility to check performance, and

4. Iteratively revising the facility and checking performance until the target flow conditions are achieved.

Instead of using individual design rainfall events as in an event model, the design of the facility is based
on simulation of the facility's performance using the 8-year time series record of simulated post-
development flows, and on comparison of the outflow record to characteristics of the predevelopment flow
record. The design engineer uses several month-long test hydrographs for preliminary facility sizing and
orifice adjustment, but final design is not achieved until the full 8-year outflow time series meets the target
flow specifications.

Detention facility design with a continuous model is based on aggregate flow statistics, not upon
individual storms. When designing detention facilities with a continuous model like KCRTS, the
return period of the peak flow leaving the facility for a particular event may not have the same
return period as the peak flow entering the facility during the same event. Unlike event models,
continuous models have naturalvariability in the ratioof storm peakand volume. This lack of
correspondence in the returnperiods of peak inflows and outflows in continuous models means that
facility design using KCRTS is more complicated than with an event method and in general has to be done
on an iterative trial-and-error basis to obtain an optimal (i.e., least volume) design.

The effect of detention facilities in controlling peak flows is dependent on both the volume and peak of the
inflowing hydrograph. Generally, it is high volume storms rather than high intensity storms that
cause detention facilities to fill and overtop. KCRTS-produced hydrographs, based on historical rainfall
data, show considerable variability in the relationships between peak flows and storm volumes. For

example, one event produced by high rainfall intensities in a relatively short duration storm may produce
high peak flows with a relatively small hydrograph volume. By contrast, a second rainfall event may have
relatively low intensities but long duration, producing a runoff hydrograph with large volumes and
relatively small peak. Due to this natural variability, the peak annual outflows from a detention facility
may not correspond in time to the annual peaks of the inflow record.

Similarly, the predevelopment peak annual flows may not occur during the same storm as the peak
annual flows for the post-development flow series. This is because the types of storms that produce
high flows from undeveloped land covers are different from those that produce high flows from
impervious surfaces. Forests generate high streamflows in response to.long-duration, high-volume rainfall
events that soak the soil profile, whereas impervious surfaces produce the highest flow rates in response to
high precipitation intensity. This is another reason why detention facility design with a continuous flow
model is based on aggregate flow statistics, not upon individual storm hydrographs.

The following is a recommended procedure for hydrologic design of detenton/infltrafion facilities
using KCRTS. Specific guidance forconductinghydrologic analysisand design with KCRTS is
provided in the KCRTS Computer Software Reference Manual.

1. Create time series of flows from the predevelopment site (assuming existing site conditions), the
post-development area tributary to the facility, any onsite post-development bypass area, and any
offsite flow-through areas.

2. Add any offsite flow-through time series to the predevelopment flow time series to produce a time
series of total predevelopment outflows from the site. Similarly, add the same offsite flow-through
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time series to the time series of post-development site flows tributary to the facility to produce a time
series of total post-development inflows to the facility.

3. Generate peak annual flow estimates and flow frequency curves for pro- and post-development
time series. If applicable, generate flow duration curves for predevelopment time series.

4. Enter the Size a Facility routine in KCRTS and specify initial facility specifications for the type of
facility proposed. Use of two orifices is usually sufficient for most designs. If designing an
infiltration facility, the bottom orifice may be elevated or zero orifices may be specified. Set the Test
Inflow Hydrograph list using the post-development inflow time series.

5. Specify the Primary Design Itydrograph 0PDI-I). The event specified as the PDH must have a
target release rate specified. Usually, control of only one test hydrograph in addition to the PDH

is necessary for either flow frequency or flow duration control. These test hydrographs are used
as design storms to develop a preliminary facility design and simplify the revision process. The

hydrographs and flow targets listed in Table 3.3.2,A below are suggested for preliminary pond and
orifice sizing.

TABLE 3.3.2.A
HYDROGRAPIIS ANDFLOW TARGETS FOR PRELIMINARY FOND & ORIFICE SIZING

Flow Frequency Control Flow Duration Control

Outflow Target Pre- Outflow Target Pre-
Recurrence Development Recurrence Development
Interval Flow Rate Interval Flow Rate

PrimaryDesign 10-year 10-year 100-year 100-year

Hydrograph 3 -- .1
Test HydrographRank

AdditionalTest Hydrograph 2-year 2-year 2-year one-half

Test HydrographRank 6 -- 6 the 2-year

The initial Test Inflow Hydrograph list setupwill include the storm events generating the highest

annual peaks from the inflow time series. The final design is accomplished by controlling the events
generating the annual peak flows from the outflow time series. It is recommended that the automatic

Event Date Notification/Update option be used, which will notify the user of needed updates to the
hydrograph event dates when the full time series is routed; see the KCRTS Computer Software
Reference Manual for further information.

6. Iterate the PDH and save the designed facility.

7. Set up the Auto-Analysis options to execute the analysis tools needed to assess facility performance.

To evaluate flow frequencies for application of the Level 1 flow control standard, the Compute Peaks
and the Event Date Notification options should be turned on.

8. Route the complete pond inflow time series through the facility. The outflow time series is

automatically saved and the analysis tools performed. Frequent routing of the full time series is
necessary while adjusting the facility in order to keep the hydrograph list consistent with the events
generating the highest outflows. Note: In KCRTS version 4.0 and later, this process has been
automated when using the Automatic Iteration function.

9. Adjust orifice configuration and iterate the PDH until desired performance is achieved. The

calculated outflow peaks for the test hydrograph list should remain in descending order. Repeat Step
8 if the relative rank of the test hydrographs changes.
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C) Conduct a flow frequency analysis on the total runoff time series. From this analysis the 10-
year, 25-year, and 100-year peak flows can be determined. These design flows can then be used
to size or assess the capacity of pipe systems, culverts, channels, spillways, and overflow
structures.

3.3.4 SAFETY FACTORS IN HYDROLOGIC DESIGN

It is often appropriate to apply safety factors to detention volumes or conveyance design flows. This
manual does not require safety factors for detention or conveyance design, but it does recommend the use

of safety factors when the designer believes the results of KCRTS are not sufficiently conservative given
local site conditions. The KCRTS methodology does not include inherent safety factors as it is meant
to account for "average" site conditions. On a particular site, KCRTS may overestimate or
underestimate flow rates and detention volumes.

Within any soil/cover group, there is a range of hydrologic response dependent on local soil and geologic
conditions for which the KCRTS methodology does not account. The USGS regional parameters for
HSPF that were used to create the runoff files produce "average" runoff time series that overestimate peak
flows in some basins and underestimate them in others. Similarly, the detention volumes designed with
KCRTS for a given conversion type are in the middle of the range of volumes that would be created if

exact local hydrologic conditions were known for every project of that type. Therefore, some of the
detention facilities designed with KCRTS are oversized and some are undersized, depending on variable
site conditions.

Because of the uncertainty in local hydrologic response, King County recommends, but does not
require, that a volume safety factor of 10% be applied to all detention facilities. If downstream

resources are especially sensitive, or if the designer believes that KCRTS significantly overestimates
predevelopment flows or underestimates post-development flows, a volume safety factor 3f up to 20%

may be appropriate. If a volume safety factor is applied to a detention facility, the volume should be
increased by the given percentage at each one-foot stage increment. Safety factors for conveyance systems
should be evaluated with respect to the potential damages and costs of failures due to backwatering,
overtopping, etc. Applications of safety factors fall strictly within a professional engineer's judgment and
accountability for design. Section 4 of the Technical Information Report should state what safety factor

was applied to the design of the flow control facility.
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3.3.5 DESIGN OPTIONS FOR ADDRESSING
DOWNSTREAM PROBLEMS

This section explains therationalebehind the problem-specific mitigationcriteria summarized in Chapter
1, Table 1.2.3.A, and itpresents acceptableoptions for addressingthe three primarytypes of downstream
problemsdefined in Core Requirement#2.

1. Conveyance system nuisanceproblems

2. Severe erosion problems

3. Severe flooding problems.

If one or more of these problems is identified through offsite analysis per Core Requirement #2, the
applicant must demonstrate that the proposed project will not create or significantly aggravate the
problem. This may requireadditionalanalysis, onsite flow control, and/oroffsite improvements sufficient
to ensure no aggravationof these problems. To reduce the need for extraanalysis and to aid in the
selection of measures to prevent aggravation,a set of options corresponding to each of the three types of
downstreamproblems is explained in this section. Each option details the extent to which additional
measures areneeded to prevent aggravationbased on the flow control standardbeing applied to the project
site.

Q OPTIONS FOR ADDRESSING CONVEYANCE SYSTEM NUISANCE PROBLEMS

Problem Description: Overflow from a downstreamconveyance system has or is predicted to cause
nuisance flooding/erosion of a yard,a pasture, or one side of a roadway forrunoffevents less than or equal
to the lO-yearevent.

The two options detailedbelow areacceptable measures forpreventing the creationor aggravation of this
problem. A combination of these two options may also be used if demonstratedto meet the same
performance goals. Other options may be possible through a more rigorous design procedure using the --
point of compliance analysis technique described in Section 3.3.6 (p. 3-51).

The extent of additional onsite flow control or offsite improvements needed depends on the basic area-
specific flow control standard already being applied to the proposed project per Section 1.2.3.1.

Option 1--Additional Onsite Flow Control

• If Level I is the area-specific flow control standard per Section 1.2.3.l, then expand its
performancecriteria to match the post-development discharge rate for the 10-yearreturn period to the
existing site conditions dischargerate for the return periodTr at which the conveyance system
overflows. Note: Determining Trrequires a minimum Level 2 downstream analysis as detailed in
Chapter 2. To avoid this analysis, a Trof 2 years may be assumed.

Intent: This criteriais intended to preventcreation or aggravationof the problem for runoff events
less than or equal to the 10-year event by eliminating the project site's contribution to conveyance
system overflows during these events.

• If the Level 2 or Level 3 flow control standard is being applied onsite, no additional flow control is
needed. The duration-matching criteria of these standards already prevent aggravating increases in
overflow volume by maintaining the discharge volumes of existing site conditions for peak flows
greater than 50% of the 2-year peak flow.

Option 2--Offsite Improvements

• If the Level 1 flow control standard is being applied onsite, then make improvements to the existing
conveyance system per Core Requirement #4 (see Section 1.2.4).
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I0.Verifythepond performanceby routingthecompletetimeseriesofinflowsand checkingthepost-
developmentpeakflowsand/ordurationsatthesiteboundaryagainstthetargetflowsand/ordurations

(seethecriteriafor"EvaluatingFlowControlPerformance"providedbelow).Updatethetestinflow

hydrographdatesasneededtokeepthetesthydrographseventdatescurrentwiththeannualpeaksof

thepost-developmenttimeseriesatthesiteboundary.RepeatSteps8-I0asnecessarytoachievethe
desiredperformanceandtoproduceanoptimaldesign.

Evaluating Flow Control Performance

Evaluating the performance of facility designs intended to provide flow frequency control is
comparatively straightforward: the post-development facility annual peak flows should be strictly less than
or equal to predevelopment annual peak flows at each of the specified return periods.

Evaluating the design performance of detention facilities providing flow duration control, however,

generally requires several iterations. In fact, considerable time could be spent attempting to match
predevelopment and post-development duration curves. Some flexibility in assessing the adequacy of fit is

clearly needed to expedite both design and review. Therefore, flow duration designs will be accepted as
meeting performance standards when the following conditions are met:

1. The post-development flow duration curve lies strictly on or below the predevelopment curve at the
lower limit of the range of control?

2. At any duration within the range of control, the post-development flow is less than 1.1 times the
predevelopment flow.

3. The target duration curve may not be exceeded along more than 50% of the range of control.

4. The peak flow at the upper end of the range of control (reduced, 25-year; historical, 50-year) may
not exceed predeveloped levels by more than 10%.

3 Forsmallprojects,thelowerlimitofthe rangeofcontrolisconsideredmetwitha minimumdiameter(0.5inches)lowerorifice
inalowheadfacility(maximumeffectivestoragedepthof3feet)wherefulldurationcontrolcannotbeachievedat the lower
limit.Predevelopedflowdurations,withinallowedtolerances,mustbemetforallflowsabovethebestachievablelowerlimit.
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3.3.3 CONVEYANCE SYSTEM DESIGN WITH KCRTS

This section provides guidance for use of the KCRTS/Runoff Files method in determining peak flows for
the design and analysis of conveyance elements, overflow structures, and other peak flow sensitive
drainage features. KCRTS should not be used to determine peak flows for areas less than 10 acres in size
unless there are significant storage features (see Section 3.2).

Rainfall events which create the highest rates of runoff from developed areas are typically shorter in
duration and are characterized by brief periods of high intensity rainfall. To simulate the runoff from

higher intensity, shorter duration rainfall events, a 15-minute time series is used and flowpath
adjustments are made to the time series to account for the specific hydrologic response of the catchment.

To make flowpath adjustments to a time series, the user specifies the length and slope of the longest
unconcentrated drainage pathway for the impervious and grass land cover types. Runoff is unconcentrated
until collected into a drainage facility such as an open channel, catch basin, pond, depression, etc.
Drainage pathways are measured from the farthest point in the catchment to the collection point and are
aligned perpendicular to topographic contours.

The flowpath adjustments of 15-minute time series are accomplished by accessing a different set of runoff

files containing the rainfall excess values for the impervious and grass land cover types. The rainfall
excess is the portion of the total rainfall which is available as surface runoff but has not been routed across

the landscape to the collection point of the drainage system. KCRTS utilizes standard routing equations to
perform the surface routing along the user-defined flowpath.

The following is a recommended procedure for hydrologic design and analysis of conveyance facilities
using KCRTS:

1. Select and delineate appropriate subbasins.

a) Select separate subbasins for major drainage features and important conveyance points.

b) Identify existing land covers offsite and post-development land covers onsite.

c) Identify soil types by using the SCS soil survey or by directly evaluating the site.

d) Convert SCS soil types to KCRTS soil classifications.

2. Determine hydrologic parameters for each subbasin.

a) Determine appropriate rainfall region and regional scale factor.

b) Categorize soil types and land cover per Table 3.2.2.B (p. 3-25) and Table 3.2.2.C (p. 3-26).

c) Determine total impervious areas and effective impervious areas within each subbasin.

d) Determine areas for each soil/cover type in each subbasin.

e) Identify the longest flowpath for each land cover type.

f) Determine the length and slope of the longest unconcentrated flowpath for each post-
development land-use type. Note: The forest, pasture, and wetlands land covers are not as

sensitive to variations in surface fiowpath. Therefore, KCRTS will not prompt for lengths and
slopes from these land covers, and will access the normal (regionally calibrated) runoff files
without site-specific calibration to surface flowpaths.

3. Determine peak flows for the conveyance element being analyzed.

a) Compute the runoff time series for each subbasin, using 15-minute time steps and specifying the
fiowpath data for the post-development land covers.

b) Sum the appropriate subbasin runoff time series, accounting for travel time lags, to obtain the total
runoff time series tributary to the drainage feature being analyzed.
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3.3.5 DESIGNOPTIONSFOR ADDRESSING DOWNSTREAMPROBLEMS

• If the Level 2 or Level 3 flow control standard is being applied onsite, no offsite improvements are
necessary.

Q OPTIONS FORADDRESSINGSEVEREEROSIONPROBLEMS

Problem Description: A downstream channel, ravine, or slope area has or is predicted to experience

severe erosion and/or incision that poses a sedimentation hazard to downstream conveyance systems or
poses a landslide hazard by undercutting a steep slope.

The two options detailed below are considered acceptable measures for preventing aggravation of this
problem.

The extent of additional onsite flow control or offsite improvements needed depends on the basic area-

specific flow control standard already being applied to the proposed project per Section 1.2.3.1.

Option 1--Additional Onsite Flow Control

• If Level I is the area.specific flow control standard, then apply Level 2 instead. This standard
prevents aggravating increases in the durations of flow exceedance that contribute to erosion.

• If the Level 2 or Level 3 flow control standard is being applied onsite, no additional flow control is
needed. The duration-matching criteria of these standards prevent aggravating increases in the
durations of flow exceedance that contribute to erosion.

Note: If the proposed project's discharge is such that previously unconcentrated flows will be
concentrated onto a highly erodible area, DDES may require a tightline system through the area

regardless of the level of onsite flow control being provided. This should be addressed with DDES in a
predesign meeting.

Option 2_ffsite Improvements
= If the Level 1 flow control standard is being applied onsite, then make tightline, channel armoring,

or bioengineered improvements to safely convey discharge from the project site through the severely
eroded area.

• If Level 2 is the required area-specific flow control standard, offsite tightline or channel armoring

improvements may, in some cases, be used to reduce this standard if the project is not within a Basin
Plan or Rural Stream Protection Area. In some cases, DDES may require a tightline if the risk of

damage is high.

• If Level 3 is the required area-spedfic flow control standard, offsite tightline or channel armoring

improvements may, in some cases, be required by DDES where the risk of damage is high.

El OPTIONSFOR ADDRESSINGSEVEREFLOODINGPROBLEMS

Problem Description: Overflow from a downstream conveyance system, or the elevated water surface of
a downstream pond, lake, wetland, or closed depression, has or is predicted to cause a "severe building

flooding problem" or a "severe roadway flooding problem." Such problems, by definition, occur during
runoff events less than or equal to the 100-year event. See Section 1.2.2.1 for a more detailed description

of severe building and roadway flooding problems.

The two options detailed below are acceptable measures for preventing the creation or significant
aggravation of this problem. A combination of these two options may also be used if demonstrated to
meet the same performance goals. Other options may be possible through a more rigorous design
procedure using the point of compliance analysis technique described in Section 3.3.6 (p. 3-51).

The extent of additional onsite flow control or offsite improvements needed depends on the basic area-

specific flow control standard already being applied to the proposed project per Section 1.2.3.1.
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SECTION3.3 HYDROLOGICDESIGNPROCEDURESAND CONSIDERATIONS

Option 1--Additional Onsite Flow Control

• If Level I is the area-specific flow control standard, then apply Level 3 instead AND comply with
the special provision for closed depressions stated below, if applicable. Also, if the problem is caused
by conveyance system overflows, the duration-matching criteria of Level 3 may be modified to match

post-development discharge durations to predevelopment discharge durations for the range of
predevelopment discharge rates between that which corresponds to the return period Tr of conveyance
system overflow and the 50-year peak flow, assuming existing site conditions for the predevelopment
condition. Note: Determining 7",requires a minimum Level 2 downstream analysis as detailed in
Chapter 2. To avoid this analysis, a Tr of 2 years may be assumed.

Intent: The intent behind Level 3 flow control is described in Section 1.2.3.1. The modified version

of Level 3 is intended to prevent aggravating increases in overflow volume, duration, and peak flow
for runoff events less than or equalto the 100-year event.

• If Level 2 is the area-specific flow control standard, then apply Level 3 instead AND comply with
the special provision for closed depressions stated below, if applicable.

• If Level 3 is the area-specific flow control standard, then comply with the special provision for
closed depressions stated below, if applicable.

Special Provision for Closed Depressions

If the amount of impervious surface area proposed by the project is greater than or equal to 10% of the
100-year water surface area of the closed depression, then use the point of compliance analysis
technique described in Section 3.3.6 (p. 3-5 I) to verify that water surface levels are not increasing for
the return frequencies at which flooding occurs, up to and including the 100-year frequency. If
necessary, iteratively adjust onsite flow control performance to prevent increases.

Intent: This provision is intended to be applied to those developments that are large enough to have a

significant impact on the water surface levels of a closed depression. For such developments, the
provision is intended to more closely examine the hydrologic characteristics of the depression to
ensure no significant aggravation of the flooding problem. Characteristics such as the infiltration rate

or the influence of groundwater fluctuations can be highly variable and difficult to measure, which
may entail wet season monitoring for proper analysis.

Option 2mOffsite Improvements

• If the Level 1 or Level 2 flow control standard is being applied onsite, and the problem is caused by
conveyance system overflows, then make improvements to the existing conveyance system sufficient
to prevent the severe flooding problem. If the problem is caused by the elevated water surface of a
pond, lake, wetland, or closed depression, then make improvements to the live storage volume or
discharge characteristics of the water body in question such that water surface levels for the

frequencies at which flooding occurs are not increased, OR make improvements to elevate the
flooding building or roadway above the 100-year water surface.

• If the Level 3 flow control standard is being applied onsite, and the special provision for closed
depressions is applicable, then make improvements as described above for the Level 1 and Level 2

flow control standards. Otherwise, offsite improvements are not required.
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3.3.6 POINTOFCOMPLIANCEANALYSIS

3.3.6 POINT OF COMPLIANCE ANALYSIS

The point of compliance is the location where flow control performance standards are evaluated. In most

cases, the point of compliance is the outlet of a proposed detention facility where, for example, 2- and 10-
year discharges must match predevelopment 2- and 10-year peak flow rates.

The point of compliance for hydrologic control moves downstream of the detention facility outlet or the
property boundary under the following circumstances:

1. The proposed project discharges to an offsite dosed depression with a "severe flooding problem"
per Section 1.2.2, and the project adds impervious surface greater than or equal to 10% of the 100-
year water surface area of the closed depression (see Table 1.2.3.A). In these cases, the closed
depression becomes the point of compliance, and the engineer must ensure that site runoff does not
aggravate the flooding problem (or create a new flooding problem).

2. The proposed project includes an onsite runoff bypass, a small developed area which bypasses the
flow control facility (see Section 1.2.3.2). In such cases, runoff from the remainder of the site is

overdetained so that the sum of the detained and undetained flows meets the required flow control

performance standard. The point of compliance for such projects is where the onsite bypass flows
join the detained flows.

3. The proposed project bypasses offsite flows around an onsite closed depression, ponding area, or

wetland (see Section 3.3.7, p. 3-54). As with onsite bypasses, the point of compliance in this case is
where detained flows converge with the bypassed flows.

The Facility Sizing routine within KCRTS allows the user to analyze the facility performance at a
downstream point of compliance through the Automatic Analysis routine.

Note: When controlling flow durations at a downstream point of compliance to demonstrate no adverse
impact, the 10% tolerance specified for Level 2 performance (p. 3-32) may not be used. Existing

condition flow durations should be matched to the extent feasible, for all flows above the level of concern.
The resultant facility should also be checked to verify that the minimum onsite performance standard (e.g.,
Level 1, Level 2 or Level 3; see Section 1.2.3) has also been met.

Q OFFSITE CLOSED DEPRESSIONS

If a project drains to an offsite closed depression with existing or potential flooding problems, then the
water surface levels of the closed depression must not be allowed to increase for return frequencies at

which flooding occurs, up to and including the 100-year frequency. This section describes the point of
compliance analysis necessary to size detention facilities discharging to such a closed depression.

The closed depression is first modeled (using the predevelopment site) to determine the return frequency at
which flooding currently occurs and the water levels associated with return frequencies in excess of this
frequency. These flooding levels and their probabilities dictate the detention performance for the
proposed development. The proposed detention facility is then iteratively sized such that discharge from

the post-development site does not increase water surface levels for the frequencies at which flooding
occurs--that is, after development, water level frequency curves must match for all frequencies equal to or
greater than the frequency at which flooding occurs (up to the 100-year water level).

The infiltration rate must be determined in order to accurately model the closed depression. In the ease
of a closed depression with an existing flooding problem, the infiltration rate is most realistically

depicted by calibrating the model to known flooding events. This should be done using the full
historical runoff files (available on request from DNR) and setting the closed depression outflow
(infiltration) such that recorded or anecdotal levels of flooding occur during the same storm events in the
historical record.

Where a flooding problem might be created by discharge of post-development flows to a closed
depression, and in the absence of information on dates and water surface levels in the closed
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SECTION3.3 HYDROLOGICDESIGNPROCEDURESANDCONSIDERATIONS

depression during past runoff events, infiltration rates must be determined through testing as
follows:

• For a closed depression without standingwater, two or moretest pits should be dug in the bottom of
the closed depression to a depth of l0 feet or to the watertable, whichever is reached first. The test

pits shall be dug under the supervisionof a geotechnical engineer, and a test pit log shall be kept.
Evidence of high water table shall be noted.

• If the test pit reveals deep homogeneouspermeable material with no evidence of a high watertable,
then infiltration tests shall be performed in the bottom of the closed depression at locations of similar
elevation and on opposite sides of the bottom area(as feasible). Surface inf'dtration rates shall be
determinedusing the methods for assessing measured infiltrationrates included in Section 5.4. The
measured ratesshould be used directly, without applyingcorrectionfactors.

• If the closed depression has standingwateror is a SAt-defined wetland, or if test pits show evidence
of a high water table or underlyingimpermeablematerial, then procedures fordetermining infiltration
rates will be established on a case-by-case basis in coordinationwith DDES geologists.

• In the event that a closed depression with a documented severe flooding problemis located on private
property and all reasonableattempts to gain access to the closed depression have been denied, the
Level 3 flow control standard shall be appliedwith a 20%factor of safety on the storage volume.

El ONSITE RUNOFF BYPASS

It is sometimes impractical to collect and detain runoff from an entire project area, so provisions are made
to allow undetained discharge from onsite bypass areas (see Section 1.2.3.2) while overdetaining the
remainder of the runoff to compensate for unmitigated flows. A schematic of an onsite runoff bypass is
shown in Figure 3.3.6.A (next page).

For sites employing onsite runoff bypass, flow control performance standards are evaluated at the point of
compliance, the point where detained and undetained flows from the site are combined.

PointofComplianceAnalysisforOnsiteBypassAreas
1. Create an existing condition runoff time series for the entire project area including the

predevelopment detained areaand the predevelopment bypass area. Determine flow targets (either
flow frequenciesor durations, dependingon the applicabledesign standard) from the existing
condition runofftime series.

2. Createseparatedeveloped condition runoff time series for the detained areaand the bypass area.

3. Ensure that the flow characteristics of the developed runoff time series for the bypass areado not
exceed the targets determined in Step 1 orthe 0.4 cfs thresholdin CoreRequirement #3. If the bypass
area flows exceed the targets or threshold, then the bypass is not feasible.

4. Estimate allowable release rates from the detentionfacility for each returnperiodof interest with the
following equation:

Allowable release = (Total Project Area Flow)exis_agco_.- (Bypass Area FIow)aevetopedcond.

Note: KCRTS version 4.0 and later supports the direct sizing of onsite detention facilities based on the
results at a downstream point-of-compliance. See the KCRTS Software Documentation for further details.

5. Develop a preliminary design of the flow control facility based on the estimated release rate.

6. Route post-development flows from the detained area through the detention facility, and create a
detention facility outflow time series.

7. Determine the total project post-development outflow by adding the detention facility outflow
runoff time series to the post-development runoff time series from the bypass area.
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3.3.6 POINT OF COMPLIANCE ANALYSIS

8. Check characteristicsof the total projectpost-developmentoutflow against the targetsdetermined in
Step 1.

9. If compliance is not achieved (e.g., 2- and 10-yearpost-development flows exceed 2- and 10-year
predevelopment flows), repeatSteps 6 through 8. Steps 6 through 8 have been automated for
facility sizing by using the point of compliance option of the KCRTS (version 4.0 and later)
Automatic Iteration and Automatic Analysis routines.

II FIGURE3.3.6.A SCHEMATICOF AN ONSITERUNOFF BYPASS I

1998 Surface Water Design Manual 9/1/98
3-53

AR 031903



SECTION3.3 HYDROLOGICDESIGNPROCEDURESAND CONSIDERATIONS

3.3.7 ONSITE CLOSED DEPRESSIONS AND PONDING AREAS

Onsite closed depressions, ponding areas, and wetlands require special consideration when determining .
detention performance targets; if altered, they can shift the point of compliance downstream. However,

the SAO regulates wetlands (note that most closed depressions and ponding areas are wetlands by
definition) and generally does not permit alteration through either filling or gross hydrologic changes such

as bypassing offsite flows. Note: Post-development discharges to offsite closed depressions, ponding
areas, or wetlands (with the exception of Level 3 Flow Control Areas on the Flow Control Applications

Map, or as discussed in Section 3.3.6) are normally not required to meet special performance standards,
unless there is a severe flooding problem as defined in Section 1.2.2.

GENERAL REQUIREMENTS

The following general requirements apply to onsite closed depressions, ponding areas, and wetlands
(referred to below as "features"):

1. Flow attenuation provided by onsite wetlands and ponding areas, and storage provided by onsite
closed depressions must be accounted for when computing both existing onsite and offsite flows.

• Existing onsite flows must be routed through onsite wetlands and ponding areas to provide

accurate target release rates for the developed site. Note: Closed depressions will have no outflow
for some portions of the site for some events, although overflow may occur during extreme events.

• Existing offsite flows will increase at the project boundary if the feature is filled or if the offsite

flows are bypassed around the feature. To compensate, post-development onsite flows must be
overdetained, and the point of compliance will shift downstream to where the detained flows
converge with the bypassed offsite flows.

2. If the onsite feature is used for detention, the 100-year floodplain must be delineated considering .
developed onsite and existing offsite flows to the feature. Note: Additional storage volume may be
necessary within the feature, and the point of compliance is the discharge point from the feature.

3. If the detention facility for the proposed project discharges to an ousite wetland, ponding area,
or dosed depression that is not altered 4 by the proposed project, AND Level 2 or Level 3 flow

control is provided, the point of compliance is the discharge point of the detention facility, not the
outlet of the onsite feature. If Level 1 flow control is being provided, the point of compliance is the
outlet of the onsite feature.

17 FLOODPLAIN DELINEATION FOR LAKES, WETLANDS, CLOSED DEPRESSIONS, AND
PONDING AREAS

A minor floodplain analysis is required for onsite or adjacent lakes, wetlands, and closed depressions that
do not have an approved floodplain or flood hazard study (see Section 4.4.2; note the exceptions). Minor
floodplain studies establish an assumed base flood elevation below which development is not allowed.

The foUowing are guidelines for minor floodplain analysis of volume sensitive water bodies:

1. Create time series representing tributary flows to the feature from the entire tributary area. Where
the feature is contained entirely onsite and where no offsite flows exist, use the tributary area for the
proposed developed condition.

2. Use the full historical runoff files (available from DNR) to create the runoff time series.

3. Where the feature is only partially onsite, or where there are offsite flows to the feature, assume the

entire tributary area is fully built out under current zoning, accounting for required open space
and protected sensitive areas in the basin as well as impervious surfaces and grass.

4 Notalteredmeansexistingon-andoflsiteflowstothefeaturewillremainunchangedandthefeaturewillnotbeexcavatedor
filled. ___
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3.3.7 ONSITECLOSEDDEPRESSIONSANDPONDINGAREAS

4. For potential future development, assume detention standards per the Flow Control
Applications Map. For simplicity the proposed detention may be simulated with a single
assumed detention pond just upstream of the feature. This pond should be sized to the appropriate
detention standard as noted on the Flow Control Applications Map and will requiregenerating a
predevelopment time seriesbased on existing conditions in the basin. Large water bodies may provide
significant floodwater storageand may also be included in the analysis. Most existing detention in the
basin, with exception of that providing duration control, will have little effect on the analysis and
should be discounted.

5. Sum aLlsubbasin time series to create a single composite time series for the drainage feature.

6. Develop routing curves for the feature. As appropriate, consider infiltration as an outflow forclosed
depressions.

7. Route the time series through the storage feature, generate water surface frequency curves, and note
the 100-year water surface elevation.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

CHAPTER 4
CONVEYANCE SYSTEM ANALYSIS & DESIGN

This chapter presents King County approved methods for the hydraulic analysis and design of conveyance
systems. A conveyance system includes all portions of the surfacewater system, either natural or man-
made, that transports surface and storm water runoff. The purpose of the conveyance system is to drain
surface water, up to a specific design flow, from properties so as to provide protection to property and the
environment.

This chapter contains the detailed design criteria,methods of analysis, and standard details for all
components of the conveyance system. In some cases, reference is made to other adopted or accepted
design standards and criteria such as the King County Road Standards (KCRS), the Washington State
Department of Transportation/APWA (WSDOT/APWA) Standard Specifications for Road, Bridge, and
Municipal Construction (most recent edition), and a King County supplement to the WSDOT/APWA
standards called the General Special Provisions.

Chapter Organization

The infoLmationpresented in this chapter is organized into four main sections:

• Section 4.1, "Route Design and Easement Requirements" (p. 4-3)

• Section 4.2, "Pipes, Ouffalls, and Pumps" (p. 4-5)

• Section 4.3, "Culverts and Bridges" (p. 4-35)

• Section 4.4, "Open Channels, Floodplains, and Floodways" (p. 4-49).

These sections begin on odd pages so that tabs can be inserted by the user if desired for quicker reference.

Required vs. Recommended Design Criteria

Both required and recommended design criteriaare presented in this chapter. Criteriastated using "shall"
or "must" are mandatory, to be followed unless there is a good reason to deviate as allowed by the
adjustment process (see Section 1.4). These criteria are required design criteria and generally affect
facility performance or critical maintenance factors.

Sometimes options are stated as part of the required design criteria using the language "should" or
"may." These criteriaare really recommended design criteria, but are so closely related to the required
criteriathat they are placed with it.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

4.1 ROUTE DESIGN AND EASEMENT REQUIREMENTS

This section presents the general requirements for aligning conveyance systems and providing easements
and setbacks to allow for proper maintenance and inspection of all conveyance system elements.

rn ROUTE DESIGN

The most efficient route selected for new conveyance systems will result from careful consideration of the

topography of the area to be traversed, the legal property boundaries, and access for inspection and
maintenance. The general requirements for route design are as follows:

1. Proposed new conveyance systems should be aligned to emulate the natural conveyance system to the
extent feasible. Inflow to the system and discharge from the system should occur at the natural

drainage points as determined by topography and existing drainage patterns.

2. New conveyance system alignments in residential subdivisions should be located adjacent and

parallel to property lines so that required drainage easements can be situated along property lines.
Drainage easements should be located entirely on one property and not split between adjacent

properties.

Exception: Streams and natural drainage channels shall not be relocated to meet this requirement.

3. Aesthetic considerations and traffic routes may dictate the placement and alignment of open channels.

Appropriate vehicular and pedestrian traffic crossings must be provided in the design.

D EASEMENT AND SETBACK REQUIREMENTS

1. All County-maintained conveyance systems shall be located in drainage easements, tracts, or right-
of-way granted to King County. Privately maintained conveyance systems must be located in
covenants per Reference 8-F.

Exception: Roof downspout, minor yard, and footing drains are not County-maintained and do not
require easements. If easements are provided for these minor drains (or for other utilities such as

power, gas, or telephone), they need not comply with the requirements of this section.

2. Table 4.1 (p. 4-4) lists the required widths and building setback lines for drainage easements. For all

pipes or any channels or constructed swales greater than 30 feet wide, facilities must be placed in the
center of the easement. For channels or constructed swales less than or equal to 30 feet wide, the
easement extends to only one side of the facility.

3. Any portion of a conveyance system drainage easement (shown in Table 4.1) shall not be located
within an adjacent property or fight-of-way. Building setback lines may cross into adjacent
property.

4. The distance between the easement line (BSBL) and building or other structure footings shall be no
less than the building setback line distance shown in Table 4.1.

Exception: The BSBL may be measured from the edge of a pipe in the easement plus 2 feet if all of
the following conditions are met:

a) As-builts showing the location of the pipe are submitted

b) A geotechnical/structure analysis demonstrates stability of the proposed structure

c) Access for maintenance/replacement remains unobstructed.
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TABLE 4.1 EASEMENT WIDTHS AND BUILDING SETBACK LINES

For Pipes:(1) BSBL
Inside Diameter (ID) Easement Width (From Easement)

ID _<36" depthto invert< 8': 10 feet(2) 5 feet

depth to invert > 8': 15 feet

36" < ID < 60" depth to invert < 8': 10 feet(2) 7.5 feet

depth to invert > 8'" 15 feet

ID • 60" ID plus 10 feet 10 feet

For Channels and Swales: BSBL
Top Width of Channel (W) Easement Width (From Easement)

W _<10 feet W plus 10 feet on one side 5 feet

W if noaccess required(3)

10 feet < W < 30 feet W plus 15 feet on one side 5 feet

W > 30 feet W plus 15 feet on both sides 5 feet

Notes:

(1) Pipes installeddeeper than 10 feet requireone of the followingactions:

• Increase the BSBL such that the distancefromthe BSBL to the centerlineof the pipe isat least
1.5 times the depth to pipe invert,or

• Place a restrictionon adjacent lotsthat the footingsbe placed at a specificelevation, deep
enough that the closesthorizontaldistancefromthe footingto the pipe centerlineis 1.5 times the
differencein elevationof the footingand pipe invert, or

• Place a restrictionon adjacent lotsthat the footings be designedby a geotechnicalengineer,
such that excavation of the pipe may be performedwithoutnecessitatingshoringof adjacent
structures.

(_) Fifteen-footeasement width is requiredfor maintenanceaccessto all manholes,inlets,and culverts.

(3) Access is not requiredfor smallchannelsif the channelgradientis greater than 5% (assumes steep
channelswill be self-cleaning).
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4.2 PIPES, OUTFALLS, AND PUMPS

This section presents the methods, criteria,and details for analysis and design of pipe systems, outfalls,
and pump-dependent conveyance systems. The information presented is organized as follows:

Section 4.2.1, "Pipe Systems"

"Design Criteria,"Section 4.2.1.1 (p. 4-5)

"Methods of Analysis," Section 4.2.1.2 (p. 4-17)

Section 4.2.2, "Outfall Systems"

"Design Criteria," Section 4.2.2.1 (p. 4-27)

Section 4.2.3, "Pump Systems"

"Design Criteria," Section 4.2.3.1 (p. 4-34)

"Methods of Analysis," Section 4.2.3.2 (p. 4-34)

4.2.1 PIPE SYSTEMS

Pipe systems arenetworksof stormdrainpipes, catch basins,manholes, inlets, and ouffalls designed and
constructed to convey surfacewater. The hydraulicanalysis of flow in storm drainpipes typically is
limited to gravity flow; however, in analyzing existing systemsit may be necessary to addresspressurized
conditions. A properlydesigned pipe system will maximizehydraulicefficiency by utilizing proper
material, slope, and pipe size.

4.2.1.1 DESIGN CRITERIA

General

All pipe material, joints, and protective treatment shall be in accordance with Section 9.05 of the
WSDOT/APWA Standard Specifications as modified by the King County Road Standards and AASHTO
and ASTM treatment as noted below under "Allowable Pipe Materials."

Note: The pipe materials and specifications included in this section are for conveyance systems installed
according to engineering plans required for King Countypermits�approvals. Other pipe materials and
specifications may be used by private property owners for drainage systems they construct and maintain
when such systems are not required by or granted to King County.

Acceptable Pipe Sizes

The following pipe sizes shallbe used for pipe systems to be maintained by King County: 8-inch
(generally for use only in privately maintainedsystems or in special cases within roadright-of-way; see
KCRS), 12-inch, 15-inch, 18-inch, 21-inch, 24-inch, and30-inch. For pipes larger than 30-inch diameter,
increasingincrements of 6-inch intervals shall be used (36-inch, 42-inch, 48-inch, etc.).

Allowable Pipe Materials

The following pipe materials are allowed for use in meetingthe requirements of this manual. Refer to the
King County Road Standards (KCRS) for pipe materials allowed in King County road right-of-way.

1. Plain concrete pipe (12-inch diameter only, and only as driveway culvert)

2. Reinforced concrete pipe

3. Corrugated aluminum pipe
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SECTION 4.2 PIPES, OUTFALLS, AND PUMPS

4. Aluminum spiral rib pipe

5. Aluminized Type 2 corrugated steel (meets AASHTO treatments M274 and M56)

6. Galvanized 1corrugated iron or steel pipe, Treatments 1through 6

7. Galvanized1steel spiral rib pipe, Treatments 1through 6

8. Ductile iron (water supply, Class 50 or 52)

9. Lined corrugated polyethylene pipe (LCPE)2

10. Corrugated polyethylene pipe (CPE)athat is single wall and fully corrugated

11. Polyvinyl chloride (PVC)4sewer pipe

12. Solid wall polyethylene pipe (SWPE; also known as I-IDPEpipe or I-IDPP)s

Allowable Pipe Joints

1. Concrete pipe shall be rubber gasketed.

2. CMP shall be rubber gasketed and securelybanded.

3. Spiral rib pipe shall be "hat-banded" with neoprene gaskets.

4. Ductile pipe joints shall be flanged, bell and spigot, or restrained mechanical joints.

5. LCPE pipe shall be joined by split corrugated couplings, with gasket, which are at least 4 corrugations
wide and exceed the soil tightness requirements of the AASHTO Standard Specifications for Highway
Bridges, Section 23 (2.23.3).

6. CPE single wall, fully corrugated pipe shall be joined by split or snap-on couplings for 3- through 10-
inch diameter pipe, and by split corrugated couplings with gasket for 12- through 24-inch diameter
pipe. Couplings for 12- through 24-inch diameter pipe shall be at least 7 corrugations wide and shall
exceed the soil tightness requirements of the AASHTO Standard Specifications for Highway Bridges,
Section 23 (2.23.3).

7. PVC pipe shall be installed following procedures outlined in ASTM D2321;joints shall conform to
ASTM D3212, and gaskets shall conform to ASTM 1=477.

8. SWPE pipe shall be jointed by butt fusion methods or flanged according to the KCRS.

1 Galvanizedmetalsleachzincintotheenvironment,especiallyinstandingwatersituations.Highzincconcentrations,
sometimesin the rangethatcan be toxicto aquaticlife,have beenobservedin the region.Therefore,use of galvanized
materialsinstormwaterfacilitiesandconveyancesystemsis discouraged.Where othermaterialsor treatmentsare available,
suchasaluminizedorstainlesssteel,aluminum,or polyethylenes,theyshouldbe used.

2 LCPE rdpeand_lings shallbe manufacturedfromhighdensitypolyett_ena resinwhichshall meet orexceedthe

requirementsofType 111, Category3, 4 or5, GradeP23, P33 or P34, ClassC perASTM D1248. In addition,the pipe shall
complywithall materialand stiffnessrequirementsofAASHTO M294.

3 CPE pipe (singlewall,fullycorrugated)isallowedonlyfor use intemporarystormsewersystemssuchasdownspout,footing,
oryarddraincollectorson pdvateproperty(smoothinteriorrequiredin roadright-of-wayfordrainagestub-outsor perforatedas
subgradedrainper KCRS). Pipeand fittingsshallcomplywithallof therequirementsofAASHTO M252 for 3" through10"
diameter,andAASHTO M294for 12"through24"diameter.

4 PVC pipe is allowedonlyfor use inprivatelymaintaineddrainagesystemsoras allowedinroadright-of-wayper KCRS. PVC
pipemustbe SDR 35 or thickerand meetthe requirementsof ASTM D3034.

5 SWPE pipe is normallyusedoutsideof KingCountyright-of-way,suchason steepslopeinstallations(see Se_on 4.2.2,
p.4-27). Connectionsto KingCountyroaddrainagesystemsare allowedforpipe diametersof 12, orgreater. SWPE pipeshall
complywiththerequirementsof Type III C5P34 as tabulatedin ASTM D1248, shall havethe PPI recommendeddesignationof
PE3408, andshallhave an ASTM D3350 cellclassificationof 345534C. The pipeshallhavea manufacturer'srecommended
hydrostaticdesignstressratingof 800 psibasedona materialwitha 1600 psidesignbasisdeterminedin accordancewith
ASTM D2837-69. The pipeshall have a suggesteddesignworkingpressureof 50 psiat 73.4° F andSDR of 32.5.
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4.2.1 PIPESYSTEMS-- DESIGNCRITERIA

Pipe Alignment

I. Pipes must be laid true to line and grade with no curves, bends, or deflections in any direction.

Exception: Vertical deflections in SWPE and ductile iron pipe with flanged restrained mechanical
joint bends (not greater than 30°) on steep slopes, provided the pipe drains.

2. A break in grade or alignment, or changes in pipe material shall occur only at catch basins or
manholes.

Maximum Pipe Slopes and Velocities

Table 4.2.1.A presents maximum pipe slopes and velocities by pipe material.

TABLE 4.2.1.A MAXIMUM PIPE SLOPES AND VELOCITIES

Pipe Material Pipe Slope above which Pipe Maximum Maximum
Anchors Required and Minimum Slope Allowed Velocity at

Anchor Spacing Full Flow

CMP, Spiral Rib, 20% 30%(3) 30 fps
PVC, CPE(1) (1 anchorper 100 LF of pipe)

Concrete or LCPE(1) 10% 20%c3) 30 fps
(1 anchorper 50 LF of pipe)

Ductile Iron(2) 20% None None
(1 anchorper pipe section)

SWPE (2) 20% None None
_ (1 anchorper 100 LF of pipe,

cross-slopeinstallationsonly)

Notes:

o) These materialsare notallowedin landslidehazard areas.

(2) Butt-fusedor flanged pipe jointsare required;above groundinstallationis recommended on slopes
greater than 40%.

(3) A maximumslopeof 200% is allowed for these pipe materialswithno joints(one section),with
structuresat each end, and with propergrouting.

Changes in Pipe Size

1. Increase or decreases in pipe size are allowed only at junctions and structures. Exceptions may be
aUowed per Section Z04C of the KCRS.

2. When connecting pipes at structures, match any of the following (in descending order of
preference): crowns, 80% diameters, 6 or inverts of pipes (or use drop manholes per KCRS). Side

lateral connections, 12 inches and smaller, are exempt from this requirement.

3. Downsizing pipes larger than 12 inches may be allowed provided pipe capacity is adequate for design
flows.

Note: The above criteria do not apply to detention tanks.

s Matchpointisat80%ofthepipediameter,measuredfromtheinvertoftherespectivepipes.
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SECTION4.2 PIPES,OUTFALLS,AND PUMPS

Structures

Table 4.2.1.B below lists typical drainage structures with corresponding maximum allowable pipe sizes.

1. Catch basin (or manhole) diameter shall be determined by pipe orientation at the junction structure. A ....
plan view of the junction structure, drawn to scale, will be required when more than four pipes
enter the structure on the same plane, or if angles of approach and clearance between pipes is of
concern. The plan view (and sections if necessary) must ensure a minimum distance (of solid concrete
wall) between pipe openings of 8 inches for 48-inch and 54-inch catch basins, and 12 inches for 72-
inch and 96-inch catch basins.

2. Evaluation of the structural integrity for H-20 loading, or as required by the King County Road
Standards, may be required for multiple junction catch basins and other structures.

3. Catch basins shall be provided within 50 feet of the entrance to a pipe system to provide for silt and
debris removal.

4. All SWPE pipe systems (including buried SWPE pipe) must be secured at the upstream end. The
downstream end shall be placed in a 4-foot section of the next larger pipe size. This sliding sleeve
connection allows for the high thermal expansion/contraction coefficient of this pipe material.

5. The maximum slope of the ground surface for a radius of 5 feet around a catch basin grate or solid
lid should be 5:1 to facilitate maintenance access. Where not physically feasible, such as at control
structures in ponds, a maximum slope of 3:1 (H:V) shall be provided around at least 50% of the catch
basin circumference.

TABLE4.2.1.B ALLOWABLESTRUCTURES ANDPIPE SIZES

Maximum Pipe Diameter

Catch Basin Type(1) CMP, Spiral Rib, CPE, SWPE, Concrete "
PVC, and Ductile Iron(=) LCPE ....

Inlet(4) 12" 12"

Type 1(3) 18" 12"

Type 1L(3) 24" 18"

Type 2 - 48-inch dia. 30" 24"

Type 2 - 54-inch dia. 36" 30"

Type 2 - 72-inch dia. 54" 48"

Type 2 - 96-inch dia. 72" 72"

Notes:

(_) Catch basins (includingmanholesteps, ladder, and handholds)shall conformto King County Road
Standards.

(2) Generallythese pipe materialswill be one size larger than concretedue to smallerwall thickness.
However, for angled connectionsor thosewithseveral pipes onthe same plane,thiswill not apply.

(3) A maximumof 5 vertical feet is allowed betweenfinishedgrade and invertelevation.

(4) Inlets are normallyallowed onlyfor use in privatelymaintaineddrainage systemsand must
dischargeto a catch basin immediatelydownstream.
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4.2.1 PIPESYSTEMS-- DESIGNCRITERIA

Pipe Design Between Structures

The following requirementsare for privately maintained or County maintained off-road right-of-way pipe
systems. SeeKCRS for pipe designbetween structuresin County roadright-of-way.

l. Minimum velocity atfull flow shouldbe 3.0 feet per second. If site constraints result in velocities
less than 3 feet per second at full flow, impacts from sedimentation in the pipe system shall be
addressed with larger pipes, closer spacing of structures, sediment basins, or other similar measures.

2. Minimum slope for 8-inch pipes shall be 0.5%; minimum slope for 12-inch or larger pipes shall be
0.2%.

3. Maximum lengths between structures shall be 300 feet (for design flows greater than 3 fps).
Tightlines down steep slopes are self cleaning and do not require structures for maintenance.

Pipe Cover

1. Pipe cover, measured from the finished grade elevation to the top of the outside surface of the pipe,
shall be 2 feet minimum unless otherwise specified or allowed below. Under drainage easements,
driveways, parking stalls, or other areas subject to light vehicular loading, pipe cover may be reduced
to 1 foot minimum if the design considers expected vehicular loading and the cover is consistent with
pipe manufacturer's recommendations. Pipe cover in areas not subject to vehicular loads, such as
landscape planters and yards, may be reduced to 1 foot minimum.

2. Pipe cover over storm pipes in King County road right-of-way shall comply with the KCRS. Pipe
cover over concrete pipe shall comply with Table 4.2.1.C (p. 4-9). For other pipe types, the
manufacturer's specifications or other documentation shall be provided for proposed cover in excess
of 30 feet. Caution: Additional precautions to protect against crushing during construction may be
needed under roadways if the road bed is included to meet minimum cover requirements. Damaged
pipe shall be replacecL

3. For proposed pipe arches, the manufacturer's specifications or other documentation shall be provided
for proposed cover in excess of 8 feet.

4. Pipe cover over PVC SDR 35 shall be 3 feet minimum and 30 feet maximum.

TABLE 4.2.LC MAXIMUM COVER (FEET) FOR CONCRETE PIPE
COMPACTION DESIGN A

Pipe Diameter Plain Class II Class III Class IV Class V
(inches)

12 18 10 14 21 26

18 18 11 14 22 28

24 16 11 15 22 28

30 11 15 23 29

36 11 15 23 29

48 12 15 23 29

60 12 16 24 30

72 12 16 24 30

84 12 16 24 30

96 12 16 24 30

108 12 16 24 30

No_: Compaction DesignA refer_Figure 4._1.A _.4-12).
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SECTION4.2 PIPES,OUTFALLS,ANDPUMPS

Pipe Clearances

A minimum of 6 inches vertical and3 feet horizontalclearance (outside surfaces) shall be provided
between storm drainpipes and other utilitypipes and conduits. Clearances within King County right-of-
way shall comply with the KCRS. When crossing sanitary sewer lines, the Washington Department of
Ecology criteriashall apply. When crossing swale easements, minimum specified cover shallbe increased
by 6 inches.

Pipe Compaction and Backfill

Pipe compaction and backfill shall be in accordancewith Figure4.2.1.A (p. 4-12).

Pipe System Connections

Connections to apipe system shall be madeonly at catch basins or manholes. No wyes or tees are allowed
except on roof/footing/yard drainsystems on pipes 8 inches in diameteror less, with clean-outs upstream
of each wye or tee. Additionalexceptions may be made in accordancewith Section 7.03D of the KCRS
and for steep slope applicationsof SWPEpipe, as deemedprudentby geotechnical review.

Pipe Anchors

Table 4.2.1.A (p. 4-7) presents the requirements,by pipe material, for anchoringpipe systems. Figure
4.2.1.B (p. 4-13) and Figure4.2.1.C (p. 4-14) show typical details of pipe anchors.

Spill Control

Spill control is requiredforprojectsconstructingor replacing onsite pipe systems that receive runoff from
pollution-generatingsurfaces such as roadsorparking lots. Spill control measures are intended to
temporarilydetainoil or other floatable pollutantsand preventthem from entering the downstream
conveyance system, waterquality facility, or flow control facility in the event of an accidental spill or
illegal dumping. Allowable options forproviding spill control include the following:

a) A tee section in one of the lowest manholesor catchbasins in the system (see Figure 5.3.4.A)

b) An API or coalescing plate oiFwater separator

c) A tee section in a wet vault, or detention tank or vault (providedwater quality facilities are
downstream of the detention tankor vault)

d) An active spill control plan. To use this option,the spill control plan and summary of an existing or
proposed trainingschedule mustbe submittedas partof the drainage review submittal. At a
minimum, such plans mustincludethe following:

• Instructionsfor isolating the site to prevent spills frommoving downstream (shutoff valves,
blocking catchbasins, etc.)

• Onsite location of spill clean-up materials

• Phone numbers to call foremergencyresponse

• Phone numbers of company officials to notify

• Special safety precautions, if applicable.

Debris Barriers

Debris barriers (trash racks) are requiredon all pipes 18 to 36 inches in diameter entering aclosed pipe
system. See Figure 4.2.1.D (p. 4-15) for required debris barriers on pipe ends outside of roadways. See
Figure 4.2.1.E (p. 4-16) and Section 4.3 (p. 4-35) for requirements on pipe ends (culverts) projecting from
driveway or roadway side slopes.
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4.2.1 PIPESYSTEMSn DESIGN CRITERIA

Ouffalls

Outfalls shall be designed as detailed in Section 4.2.2 (p. 4-27).

Other Details

In addition to the details shown in Figure 4.2.1.A (p. 4-12) through Figure 4.2.1.E (p. 4-16), Standard
Construction Details are available in the King County Road Standards and APWA/WSDOT Standard

Plans for Road, Bridge and Municipal Construction. Commonly used details include field tapping of
concrete pipe, catch basins and catch basin details, manholes and manhole details, curb inlets, frames,
grates, and covers.
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SECTION 4.2 PIPES, OUTFALLS, AND PUMPS

I FIGURE 4_..1.A PIPE COMPACTION DESIGNS AND BACKFILL 11

_ ti/limits of pipe I W (see note 4) I

13' max.l_ / compaction I" ,imit of pipezone_[

_y_ _---._- bedding "6,

for flexible

limits of pipe _ ,
-',.I ; 0.65 O.D. min

foundation, I_',_'_,_"-_ ¢ I

compactiOngravelbackfill _ - level \l__.__XX,_ <:_,-'-gravel backfillfor
for pipe bedding foundationswhen specified , A -- 4" rain., 27, I.D. and under

6" min., over 27" I.D.

A. Metal and Concrete Pipe Bedding for Flexible Pipe

span _/limits of pipe Flexible Pipe NOTES:
_13' max.I// compaction 1. Provide uniformsupport under barrels.

'_'-0" 2. Hand tamp under haunches.
3. Compact bedding material to 95% max. density;directly

overpipe, hand tamp only.

/_ "'_ _jE_0.15 dee min. 4. See =Excavationand Preparation of Trench"in sanitary
limitsofp,pe _ r__ sewers sectionof the standard WSDOT/APWA

ra!e "-'-'_.65 rise min. specifications for trench width "W" and trenching

compaction options.The pipe zone willbe the actual trench width.

I backfill/ = _ _,_,,=l ho,,H= The minimumconcrete width shall be 11/2 I.D. + 18".
g a gravel backfillfor 5. Trenchbackfill shall conformto =BackfillingSewer

for pipe bedding foundationswhen specified Trenches"inthe sanitary sewers section of the
WSDOT/APWA standard specifications, except that

B. Pipe - Arch Installation rocks or lumps larger than 1" per foot of pipe diameter
shall not be used in the backfill material.

6. See =BeddingMaterial for Flexible Pipe"in aggregates
Rigid Pipe NOTES: section of the WSDOT/APWA standard specification for
1. Pipe compaction limits shown on this plan are for pipe the material specifications.

construction in an embankment. For pipe construction
in a trench, the horizontallimits of the pipe compaction
zone shall be the walls of the trench.

2. All steel and aluminum pipe and pipe-arches shall be
installedin accordance with design A.

3. Concrete pipe with elliptical reinforcementshall be _ Backfillmaterial placed in0.5' loose layers and
installedin accordance with design A. compactedto 95% maximum density.

4. Concrete pipe, plain or with circular reinforcement, shall _ Method B or C compaction (WSDOT/APWA
be installedwith design A. standard specifications.)

5. O.D. is equal to the outside diameter of a pipe or the
outsidespan of pipe-arch.The dimensions shown as
(3.1:).with 3' maximum shall be O.D. untilO.D. equals
3', at which point 3' shall be used. Min. dist.

* 1' -0" for diameters 12" through 42" and spans through Pipe Size between
50". 2' -0_for diameters greater than 42" and spans barrels
greater than 50". circularpipe 12_to 24" 12"

conc., LCPE, CMP 30" to 96" diam. + 2

(diameter) 102" to 180" 48"

pipe - arch 18"to 36_ 12"
metal only 43_to 142" span.+ 3

(span) 148" to 199" 48_
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4.2.1 PIPE SYSTEMS -- DESIGN CRITERIA

I FIGURE 4.2.1.B PIPE ANCHOR DETAIL I

B_'J/strap4ooting
anchor

• 6" min (typical) .._ ....,_.._ f/_
[___0/_ ]-_[_-_ _ _ I 1' min

I_k_ [__ _/_ _ _ 1" min diameter

I__(_._F__./_j_ _ 6"rain . /_------_ steel rod (strap)vl_ _ _o/:_,_(( _-] clamped securel,t, ---_1If IIY-°.-'/_l • "
/<-_lLk )_1 to pipe

[_-'_G_C::Tr7c_L-_ _ L._I _ 6"rain __/_ "'._ _

Concrete footing / SECTION A-A t __/ Concrete footing
keyed into --_-_-'_ _u_ keyed into

undisturbed soil NTS l' _ [_ _.O [_._,','_[ undisturbed sod

as shown _ _ as shown
2 xpipediameter

9 mm. _l

SECTION B-B
NTS

NOTE: For SWPE, pipe must be free to
slide inside a 4' long section of pipe
one size diameter larger.
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SECTION4.2 PIPES, OUTFAI./.,S,AND PUMPS

I" 12" "1

Smooth Coupling Band
for Smooth Pipe

material to be\ I I
ASTM A 36 1/4"\ ) [ IX
plate galvanized\ /.,.;. J _ _
after fabrication _/ /_ I "_ _

per ASTM A 1_/'_, __ ) "_ l "':"'_""'_'//"_"_"'_............_'_//Y/_"_"

/ - I slotstobe-_ _ _, f __/allholes 1119/32x,1/4 \ I _ '¢

I .1_ !Tcouplingband
' - '- 12" ""_ " - 112"or24"couplingband

Plate Detail

_:1" _ng ba_/--- collar(2" pipe) NOTES:
1/4"_/ _ f/ % I J_'-" 1/4" 1. The smoothcouplingband shall be usedincombinationwith concrete pipe.

=_( )_H( _ plate (see detail) 2. Concretepipe withoutball and spigotshall
_ J I _ materialto be ASTM notbe installedon grades in excess of 20%.

I"1 _ _ A 36 galvanizedafter 3. The firstanchor shall be installedon the first
11/2"x 6' stakes_/_J fabricationper ASTM sectionof the lower end of the pipe and

flattento point --J each sideof culvert A 153 remaininganchorsevenlyspaced throughout
the installation.

Anchor Assembly - 4. If the pipe being installedhas a manhole or
Corrugated Metal Pipe catch basin on the lower end of the pipe, the

firstpipe anchormay be eliminated.
5. When CMP is used, the anchorsmay be

attachedto the couplingbands used to join
the pipe as longas the specifiedspacing is
not exceeded.

6. All pipe anchorsshall be securely installed
before backfillingaroundthe pipe.
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4.2.1 PIPE SYSTEMS m DESIGN CRITERIA

! FIGURE4.2.1.D DEBRISBARRIER(OFF-ROADRIGHT.OF-WAY) [[

NOTE:
1. This debris barrier is for use outside roadwayson pipes

36" dia. and smaller. See Figure4.2.1.E.for debris barrierson
pipes projecting from driveway or roadwaysideslopes.

2. All steel parts mustbe galvanizedand asphalt coated (treatment 1
or better).

3. LCPE pipe requires bolts to secure debris barrier to pipe.

_ .-,;.-

"l
==
==

=l
it

*t

PLAN ISOMETRIC
NTS NTS

12"min.

t 3/4,diametersmoothbars,X_ /

pipe 45ol _/,
_.\

pipe coupling spotweld barsto at
least2 corregations ..._ 4" max (typ.)
ofmetalpipe(typical)

SIDE VIEW bolt to LCPE pipe END VIEW
NTS NTS
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SECTION4.2 PIPES,OUTFA/J.,S,AND PUMPS

[ FIGURE 4.2.1.E DEBRIS BARRIER (IN ROAD RIGHT-OF.WAY) I

NOTES:
1. CMP or LCPEpipeend-sectionshown;forconcretepipe beveled

endsection,see KCRS drawingNo. 2-001.
2. Allsteelpartsmustbe galvanizedandasphaltcoated(treatment1 orbetter).

- ,--,. be removed

( "
n n

I !
! m
I |

l n

) "( "
n !

• u

i , I
I !

i' I0
u --

m 3/4"dia. smoothbars
w/ends weldedto
bar-frame

1' min.

_ 4" O.C. max.bar spacing

_--, -r---,_"*"'_ --1 3 3/i" dia. barframe--_ _
I

,,

/ beveledpipeend section =_l _N{ 3"-5"for18"dia.
5"-8" for 24" dia.

pipecoupling 2" X 5" anchorstripsweldedto 7"-9" for30" dia. & greater
3/4"dia. bar-frame 4 places spaced
uniformly. Fastenw/1/2" galv.or
non-corrosive bolts & nuts.
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4.2.1 PIPE SYSTEMS-- METHODS OFANALYSIS

4.2.1.2 METHODS OF ANALYSIS

This section presents the methods of analysis for designing new or evaluating existing pipe systems for

compliance with the conveyance capacity requirements set forth in Section 1.2.4, "Core Requirement #4:
Conveyance System."

Q DESIGNFLOWS

Design flows for sizing or assessing the capacity of pipe systems shall be determined using the hydrologic
analysis methods described in Chapter 3.

O INLETGRATE CAPACITY

The methods described in Chapter 5, Sections 4 and 5, of the Washington State Department of
Transportation (WSDOT) Hydraulics Manual can be used in determining the capacity of inlet grates when
capacity is of concern, with the following exceptions:

1. Use design flows as required in Section 1.2.4 of this manual.

2. Assume grate areas on slopes are 80% free of debris; "vaned" grates, 95% free.

3. Assume grate areas in sags or low spots are 50% free of debris; "vaned" grates, 75% free.

O CONVEYANCECAPACITY

Two methods of hydraulic analysis using Manning's equation are used sequentially for the design and
analysis of pipe systems. First, the Uniform Flow Analysis method is used for the preliminary design of
new pipe systems. Second, the Backwater Analysis method is uzed to analyze both proposed and
existing pipe systems to verify adequate capacity. See Core Requirement #4, Section 1.2.4, for sizing

- requirements of pipe systems.

Note: Use of the Uniform Flow Analysis method to determine preliminary pipe sizes is only suggested as a
first step in the design process and is not required. Results of the Backwater Analysis method determine
final pipe sizes in all cases.

Uniform Flow Analysis Method

This method is used for preliminary sizing of new pipe systems to convey the designflow (i.e., the
10-year or 25-year peak flow rate as specified in Core Requirement #4, Section 1.2.4).

Assumptions:

• Flow is uniform in each pipe (i.e., depth and velocity remain constant throughout the pipe for a given
flow).

• Friction head loss in the pipe barrel alone controls capacity. Other head losses (e.g., entrance, exit,
junction, etc.) and any backwater effects or inlet control conditions are not specifically addressed.

Each pipe within the system is sized and sloped such that its barrel capacity at normal full flow
(computed by Manning's equation) is equal to or greater than the design flow. The homograph in

Figure 4.2.1.F (p. 4-20) can be used for an approximate solution of Manning's equation. For more precise
results, or for partial pipe full conditions, solve Manning's equation directly:
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SECTION4.2 PIPES,OUTFALLS, AND PUMPS

V = 1.49 R2n S]r2 (4-1)
n

or use the continuity equation, Q - AV, such that:

Q = 1.49 A R2/3S 1/2 (4-2)
n

where Q = discharge (cfs)
V = velocity (fps)
A = area (st')

n = Manning's roughness coefficient; see Table 4.2.1.D below

R = hydraulic radius = area/wetted perimeter (ft)
S = slope of the energy grade line (Rift)

For pipes flowing partially full, the actual velocity may be estimated from the hydraulic properties shown

in Figure 4.2.1.G by calculating Q._,aand Vm and using the ratio Qa,,igdQy=uto find V and d (depth of
flow).

Table 4.2.1.D provides the recommended Mannlng's "n" values for prellrniuary design using the

Uniform Flow Analysis method for pipe systems. Note: The "n" values for this method are 15% higher in
order to account for entrance, exit, junction, and bend head losses.

TABLE 4.2.1.D MANNING'S "n" VALUES FOR PIPES

Type of Pipe Material Analysis Method

Uniform Flow Backwater Flow
(Preliminary (Capacity

design) Verification)

A. Concrete pipe and LCPE pipe 0.014 0.012

B. AnnularCorrugatedMetal Pipe or Pipe Arch:
1. 2-2/3" x 1/2"corrugation(riveted):

a. plain or fully coated 0.028 0.024
b. paved invert (40% of circumferencepaved):

1) flow at full depth 0.021 0.018
2) flowat 80% full depth 0.018 0.016
3) flow at 60% full depth 0.015 0.013

c. treatment5 0.015 0.013
2. 3" x 1" corrugation 0.031 0.027
3. 6"x 2" corrugation(fieldbolted) 0.035 0.030

C. Helical 2-2/3" x 1/2"corrugationand CPE pipe 0.028 0.024

D. Spiral rib metal pipe and PVC pipe 0.013 0.011

E. Ductile ironpipe cement lined 0.014 0.012

F. SWPE pipe (butt fused only) 0.009 0.009

/
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4.2.I PIPESYSTEMS --METHODS OF ANALYSIS

Backwater Analysis Method

- This method is used to analyze the capacity of both new and existing pipe systems to convey the required

design flow (i.e., either the 10-year or 25-year peak flow, whichever is specified in Core Requirement #4,
Section 1.2.4). In either case, pipe system structures must be demonstrated to contain the headwater

surface (hydraulic grade line) for the specified peak flow rate. Structures may overtop for the 100-year
peak flow as allowed by Core Requirement #4. When this occurs, the additional flow over the ground
surface is analyzed using the methods for open channels described in Section 4.4.1.2 (p. 4-59) and added
to the flow capacity of the pipe System.

This method is used to compute a simple backwater profile (hydraulic grade line) through a proposed or

existing pipe system for the purposes of verifying adequate capacity. It incorporates a re-arranged form of
Manning's equation expressed in terms of friction slope (slope of the energy grade line in ft/ft). The

friction slope is used to determine the head loss in each pipe segment due to barrel friction, which can then
be combined with other head losses to obtain water surface elevations at all structures along the pipe
system.

The backwater analysis begins at the downstream end of the pipe system and is computed back through
each pipe segment and structure upstream. The friction, entrance, and exit head losses computed for each
pipe segment are added to that segment's tailwater elevation (the water surface elevation at the pipe's
outlet) to obtain its outlet control headwater elevation. This elevation is then compared with the inlet
control headwater elevation, computed assuming the pipe's inlet alone is controlling capacity using the
methods for inlet control presented in Section 4.3.1.2 (p. 4-37). The condition that creates the highest
headwater elevation determines the pipe's capacity. The approach velocity head is then subtracted from

the controlling headwater elevation, and the junction and bend head losses are added to compute the total
headwater elevation, which is then used as the tailwater elevation for the upstream pipe segment.

The Backwater Calculation Sheet in Figure 4.2.1.H (p. 4-22) can be used to compile the head losses
and headwater elevations for each pipe segment. The numbered columns on this sheet are described in

Figure 4.2.1 .I (p. 4-23). An example calculation is performed in Figure 4.2.1.J (p. 4-24).

Note: This method should not be used to compute stage curves for level pool routing
purposes. Instead, a more sophisticated backwater analysis using the computer software provided with
this manual is recommended as described below.

Computer Applications

The King County Backwater 0KCBW) computer program includes a subroutine BWPIPE which can

be used to quickly compute a family of backwater profiles for a given range of flows through a proposed
or existing pipe system. A schematic description of the nomenclature used in this program is provided in
Figure 4.3.1.G (p. 4-48). Program documentation providing instructions on the use of this and the other
KCBW subroutines is available from DNR.
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SECTION4.2 PIPES,OUTFAIJ_, AND PUMPS

I FIGURE 4.2.1.F NOMOGRAPH FOR SIZING CIRCULAR DRAINS FLOWING FULL [I
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4.2.1 PIPESYSTEMSm METHODS OFANALFSIS

I FIGURE 4.2.1.G CIRCULAR CHANNEL RATIOS 1
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SECTION4.2 PIPES,OUTFALLS,AND PUMPS
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4.2.1 PIPE SYSTEMS -- METHODS OFANALYSIS

I FIGURE4.2.1.I BACKWATER CALCULATIONSHEETNOTES I
Column (1) Design flow to be conveyed by pipe segment.

Column (2) - Length of pipe segment.

Column (3) Pipe Size; indicate pipe diameter or span x rise.

Column (4) Marming's "n" value.

Column (5) Outlet Elevation of pipe segmenL

Column (6) Inlet Elevation of pipe segment.

Cohinm (7) Barrel Area; this is the full cross-sectional area of the pipe.

Column (8) Barrel Velocity; this is the full velocity in the pipe as determined by:

V = Q/A or Col.(8) = Co1.(1)/Co1.(7)

Column (9) Barrel Velocity Head = V212g or (Co1.(8))2/2g

where g = 32.2 ft/sec 2 (acceleration thin to gravity)

Column (10) Tailwater (TW) Elevation; this is the water surface elevation at the outlet of the pipe segment. If the pipe's outlet is not submerged by
the TWand the TW depth is less than (D+dc)/2, set TW equal to (D+de)/2 to keep the analysis simple and still obtain reasonable
results (D = pipe barrel height and a_ = critical depth, both in feet. See Figure 4.3.1.F (p. 4-47) for determination of de).

Column(ll) Friction Loss = S/XL [or S/XCol.(2)]
where S/is the friction slope or head loss per linear foot of pipe as determined by Mauning's equation expressed in the form:

$/= (nV)2/2.22 RL33

Column (12) Hydraulic Grade lane (HGL) Elevation jnst inside the entrance of the pipe barrel; this is determined by adding the friction loss to the
TWelevatlon:

Co1.(12) = Col.(l 1) + Col.(10)

If this elevation falls below the pipe's inlet crown, it no longer represents the true HGL when computed in this manner. The true
HGL will fall somewhere between the pipe's crown and either normal flow depth or critical flow depth, whichever is greater. To
keep the analysis simple and still obtain reasonable results (i.e., emng on the conservative side), set the HGL elevation equal to
the crown elevation.

Column (13) Entrance Head Loss = K,,x V212g [or Ke x Co1.(9)]

where K, = Entrance Loss Coefficient (from Table 4.3.1.B, p. 4-40). This is the head lost due to flow contractions at the pipe
entrance.

Column (14) Exit Head Loss = 1.0 x V2/2g or 1.0 x Col.(9)

This is tim velocity head lost or wansfermd downstream.

Column (15) Outlet Control Elevation = (2o1.(12) + Co1.(13) + Co1.(14)

This is the maximum headwater elevation assuming the pipe's barrel and inleffouflet characteristics are conn'olling capacity. It does
not include structure losses or approach velocity considerations.

Column (16) Inlet Control Elevation (see Section 4.3.1.2, page 4-37, for computation of inlet control on culverts); this is the maximum headwater

elevation assuming the pipe's inlet is conu-olling capacity. It does not include structure losses or approach velocity considerations.

Column (17) Approach Velocity Head; this is the amount of head/energy being supplied by the discharge from an upstream pipe or channel
section, which serves to reduce the headwater elevation. If the discharge is from a pipe, the approach velocity head is equal to the
barrel velocity head computed for the upstream pipe. If the upstream pipe outlet is significantly higher in elevation (as in a drop
manhole) or lower in elevation such that its discharge energy would be dissipated, an approach velocity head of zero should be
assumed.

Column(18) - Bend Head Loss = KbXV2/2g [or KI, xCoI.(17)]

where Kb = Bend Loss Coefficient (from Figure 4.2.1.K, p. 4-25). This is the loss of bead/energy required to change direction of
flow in an access structure.

Column (19) Junction Head Loss. This is the loss in bead/energy which results from the turbulence created when two or more streams are merged
into one within the access structure. Figure 4.2.1.L (p. 4-26) can be used to determine this loss, or it can be computed using the
following equations derived from Figure 4.2.1.L:

Junction Head Loss = Ki x V2/2g [or Kj x Col.(17)]

where Kj is the Junction Loss Coefficient determined by:

Kj = (Q3/Qt)/(I.18 + 0.63(Q3/Qz))

Column (20) - Headwater(HW) Elevation;thisisdeterminedbycombiningtheenergyheadsinColumns 17,18,and 19withthehighestcontrol
elevationineitherColumn 15or 16.asfollows:

Col.(20)= Col.(15or16)-Col.(17)+ Col.(18)+ Col.(19)
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SECTION 4.2 PIPES, OUTFALLS, AND PUMPS

I FIGURE 4.2.1j BACKWATER PIPE CALCULATION EXAMPLE I[
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4.2.1 PIPE SYSTEMS-- METHODS OFANALYSIS

I FIGURE 4.2.1.K BEND HEAD LOSSES IN STRUCTURES II
I I I I i
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SECTION4.2 PIPES,OUTFALLS,AND PUMPS

FIGURE 4.2.1.L JUNCTION HEAD LOSS IN STRUCTURES I -
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4.2.2 OUTFALLSYSTEMS

4.2.2 OUTFALL SYSTEMS

Properly designed ouffalls are critical to ensuring no adverse impacts occur as the result of concentrated

discharges from pipe systems and culverts, both onsite and downstream. OuO_allsystems include rock

splash pads, flow dispersal trenches, gabion or other energy dissipaters, and tightline systems. A tightline
system is typically a continuous length of pipe used to convey flows down a steep or sensitive slope with
appropriate energy dissipation at the discharge end.

4.2.2.1 DESIGN CRITERIA

General

At a minimum, all ouffalls shall be provided with a rock splash pad (see Figure 4.2.2.B, p. 4-30) except
as specified below and in Table 4.2.2.A (p. 4-28):

1. The flow dispersal trench shown in Figure 4.2.2.C (p. 4-31) shall only be used as an ouffall as
described in Core Requirement #1, Section 1.2.1.

2. For ouffalls with a velocity at design flow greater than 10 fps, a gabion dissipater or engineered

energy dissipater shall be required. Note the gabion ouffall detail shown in Figure 4.2.2.E (p. 4-33)
is illustrative only; a design engineered to specific site conditions is required.

3. Engineered energy dissipaters, including stilling basins, drop pools, hydraulic jump basins, baffled

aprons, and bucket aprons, are required for ouffalls with velocity at design flow greater than 20 fps.
These should be designed using published or commonly known techniques found in such references
as Hydraulic Design of Energy Dissipaters for Culverts and Channels, published by the Federal
Highway Administration of the United States Department of Transportation; Open Channel Flow, by
V.T. Chow; Hydraulic Design of Stilling Basins and Energy Dissipaters, EM 25, Bureau of

Reclamation (1978); and other publications, such as those prepared by the Soil Conservation Service
(now Natural Resource Conservation Service). Alternate mechant_ns, such as bubble-up structures

(which will eventually drain) and structures fitted with reinforced concrete posts, may require an
approved adjustment and must be designed using sound hydraulic principles and considering
constructability and ease of maintenance.

4. Tightline systems shall be used when required by the discharge requirements of Core Requirement #1
or the outfall requirements of Core Requirement #4. Tightline systems may also be used to prevent
aggravation or creation of a downstream erosion problem.

Tightline Systems

1. Outfall tightlines may be installed in trenches with standard bedding on slopes up to 40%. In order to
minimize disturbance to slopes greater than 40%, it is recommended that tightlines be placed at grade
with proper pipe anchorage and support.

2. SWPE tightlines must be designed to address the material limitations, particularly thermal expansion
and contraction and pressure design, as specified by the manufacturer. The coefficient of thermal

expansion and contraction for SWPE is on the order of 0.001 inch per foot per Fahrenheit degree.
Sliding sleeve connections shall be used to address this thermal expansion and contraction. These
sleeve connections consist of a section of the appropriate length of the next larger size diameter of
pipe into which the out-fall pipe is fitted. These sleeve connections must be located as close to the
discharge end of the outfall system as is practical.

3. SWPE tightlines shall be designed and sized using the applicable design criteria and methods of
analysis specified for pipe systems in Section 4.2.1, beginning on page 4-5.

4. Due to the ability of SW'PE tightlines to transmit flows of very high energy, special consideration for
energy dissipation must be made. Details of a sample gabion mattress energy dissipater have been
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SECTION4.2 PIPES,OUTFALLS, AND PUMPS

provided as Figure 4.2.2.E (p. 4-33). Flows of very high energy will require a specifically engineered
energy dissipater structure, as described above in General Criterion #3.

TABLE 4.2.2.A ROCK PROTECTION AT OUTFALLS --

Discharge Velocity REQUIRED PROTECTION
at Design Flow (fps)

Greater Less than Minimum Dimensions
than or equal to

Type Thickness Width Length Height

0 5 Rock lining(1) 1 foot Diameter 8 feet Crown
+ 6 feet or + 1 foot

4 x diameter,
whichever is

greater

5 10 Riprap_) 2 feet Diameter 12 feet Crown
+ 6 feet or + 1 foot

or 4 x diameter,
3 x diameter, . whichever is
whicheveris greater

greater

10 20 Gabion As required As required As required Crown
outfall + 1 foot

20 N/A Engineered .... .
energy

dissipater
required

o) Rock lining shall be quarry spallswith gradationas follows:

Passing 8-inch square sieve: 100%

Passing 3-inch square sieve: 40 to 60% maximum

Passing3/4-inch square sieve: 0 to 10% maximum

(2) Riprap shall be reasonablywell gradedwithgradationas follows:

Maximum stonesize: 24 inches (nominaldiameter)

Median stonesize: 16 inches

Minimumstonesize: 4 inches

Note: Riprap sizing governed by side slopes on outlet channel is assumed to be approximately 3:1.

911198 1998SurfaceWaterDesign Manual
4-28

AR 031933



4.2.2 OUTFALLSYSTEMS

Other Recommended Ouffall Features

• Mechanisms which reduce velocity prior to discharge from an out'fallare encouraged. Some of these
are drop manholes and rapid expansion into pipes of much larger size.

• New pipe ouffalls can provide an opportunity for low-cost fish habitat improvements. For example,
an alcove of low-velocity water can be created by constructing the pipe out'fall and associated energy
dissipater back from the stream edge and digging a channel, over widened to the upstream side, from
the out'fall to the stream (see Figure 4.2.2.A below). Overwintering juvenile and migrating adult
salmonids may use the alcove as shelter during high flows.

Note: A Hydraulic Project Approval (R.C.W. 75.20) may be required for any work within the ordinary
high water marks of a stream.

[ FIGURE4.2.2.A FISH HABITATIMPROVEMENTAT NEW OUTFALLS [I

!
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4.2.2 OU'TFALLSYSTEMS

! FIGURE 4.2.2. C FLOW DISPERSAL TRENCH II
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SECTION4.2 PIPES,OUTFALLS,AND PUMPS

[ FIGURE 4.2.2.D ALTERNATIVE FLOW DISPERSAL TRENCH [I
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4.2.2 OLrI'FALLSYSTEMS

FIGURE 4.2.2.E GABION OUTFALL DETAIL
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SECTION4.2 PIPES,OUTFALLS, AND PUMPS

4.2.3 PUMP SYSTEMS

As allowed in Core Requirement #4, Section 1.2.4.3, pump systems may be used for conveyance of flows
internal to a project site if located on private property and privately maintained.

4.2.3.1 DESIGN CRITERIA

Proposed pump systems must meet the following minimum requirements:

1. The pump system must be privately owned and maintained.

2. The pump system shall be used to convey water from one location or elevation to another within the
project site.

3. The pump system must have a dual pump (alternating) equipped with an external alarm system.

4. The pump system shall not be used to circumvent any other King County drainage requirements, and
construction and operation of the pump system shall not violate any other King County requirements.

5. The gravity-flow components of the drainage system to and from the pump system must be designed
SOthat pump failure does not result in flooding of a building or emergency acoess, or overflow to a
location other than the natural discharge point for the project site.

4.2.3.2 METHODS OF ANALYSIS

Pump systems must be sized in accordance with the conveyance capacity requirements for pipe systems set
forth in Section 1.2.4, "Core Requirement #4: Conveyance System."
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

4.3 CULVERTS AND BRIDGES

This section presents the methods, criteria, and details for hydraulic analysis and design of culverts and
bridges. The information presented is organized as follows:

Section 4.3.1, "Culverts"

"Design Criteria," Section 4.3. I. 1 (p. 4-35) <

"Methods of Analysis," Section 4.3.1.2 (p. 4-37)

Section 4.3.2, "Culverts Providing for Fish Passage/Migration"

"Design Criteria," Section 4.3.2.1 (p. 4-49)

"Methods of Analysis," Section 4.3.2.2 (p. 4-49)

Section 4.3.3, "Bridges"

"Design Criteria," Section 4.3.3.1 (p. 4-51)

"Methods of Analysis," Section 4.3.3.2 (p. 4-52).

4.3.1 CULVERTS

Culverts are relatively short segments of pipe of circular, elliptical, rectangular, or arch cross section.

They are usually placed under road embankments or driveways to convey surface water flow safely under
the embankment. They may be used to convey flow from constructed or natural channels including
streams. The Sensitive Areas Ordinance and Ru!cs contain the definitions of streams and requirements for
crossing of streams. In addition to those requirements and the design criteria described below, other

agencies such as the Washington State Department of Fish and Wildlife (WDFW) may have additional
requirements which will affect the design of proposed culverts.

4.3.1.1 DESIGN CRITERIA

General

1. All circular pipe culverts shall conform to any applicable design criteria specified for pipe systems in
Section 4.2.1.

2. All other types of culverts shall conform to manufacturer's specifications. See the King County Road

Standards and General Special Provisions for types of culverts allowed in King County right-of-way.

Headwater

1. For culverts 18-inch diameter or less, the maximum allowable headwater elevation (measured from
the inlet invert) shall not exceed 2 times the pipe diameter or arch-culvert-rise at designflow (i.e., the
10-year or 25-year peak flow rate as specified in Core Requirement #4, Section 1.2.4).

2. For culverts larger than 18-inch diameter, the maximum allowable design flow headwater elevation
(measured from the inlet invert) shall not exceed 1.5 times the pipe diameter or arch-culvert-rise at
design flow.

3. The maximum headwater elevation at design flow shall be below any road or parking lot subgrade.
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SECTION4.3 CULVERTSAND BRIDGES

Inlets and Outlets

1. All inlets and outlets in or near roadway embankments must be flush with and conforming to the slope
of the embankment.

2. For culverts 18=inch diameter and larger, the embankment around the culvert inlet shall be protected
from erosion by rock linlng or riprap as specified in Table 4.2.2.A (p. 4-28), except the length shall
extend at least 5 feet upstream of the culvert, and the height shall be at or above the design headwater
elevation.

Inlet structures, such as concrete headwalls, may provide a more economical design by allowing the
use of smaller entrance coefficients and, hence, smaller diameter culverts. When properly designed,

they wiU also protect the embankment from erosion and eliminate the need for rock lining.

3. In order to maintain the stability of roadway embankments, concrete headwalls, wingwalls, or tapered
inlets and outlets may be required if fight-of-way or easement constraints prohibit the culvert from
extending to the toe of the embankment slopes. AJI inlet structures or headwalls installed in or near
roadway embankments must be flush with and conforming to the slope of the embankment.

4. Debris barriers (trash racks) are required on the inlets of all culverts that are over 60 feet in length
and are 18 to 36 inches in diameter. This requirement also applies to the inlets of pipe systems. See

Figure 4.2.1.D (p. 4=15) and Figure 4.2.1.E (p. 4=16) for debris barrier details. Exceptions are culverts
on Type 1 or 2 streams.

5. For culverts 18-inch diameter and larger, the receiving channel of the outlet shall be protected from
erosion by rock lining specified in Table 4.2.2.A (p. 4=28), except the height shall be one foot above
maximum tailwater elevation or one foot above the crown, whichever is higher (See Figure 4.2.2.B,
p. 4=30).
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4.3.1.2 METHODS OF ANALYSIS

This section presentsthemethods of analysis for designing new or evaluatingexisting culverts for
compliance with the conveyance capacity requirements set forth in Section 1.2.4, "Core Requirement #4:
Conveyance System."

El DESIGNFLOWS

Design flows for sizing or assessing the capacity of culverts shall be determined using the hydrologic
analysis methods described in Chapter 3.

E] CONVEYANCE CAPACITY

The theoretical analysis of culvert capacity can be extremely complex because of the wide range of
possible flow conditions that can occur due to various combinations of inlet and outlet submergence and
flow regime within the culvert barrel. An exact analysis usually involves detailed backwater calculations,
energy and momentum balance, and application of the results of hydraulic model studies.

However, simple procedures have been developed where the various flow conditions are classified and

analyzed on the basis of a control section. A control section is a location where there is a unique
relationship between the flow rate and the upstream water surface elevation. Many different flow
conditions exist over time, but at any given time the flow is either governed by the culvert's inlet geometry
(inlet control) or by a combination of inlet geometry, barrel characteristics, and tailwater elevation (outlet
control). Figure 4.3.1.A (p. 4-42) illustrates typical conditions of inlet and outlet control. The procedures
presented in this section provide for the analysis of both inlet and outlet control conditions to determine
which governs.

Inlet Control Analysis

Nomographs such as those provided in Figure 4.3.1.B (p. 4-43) and Figure 4.3.1.C (p. 4-44) can be used to
determine the inlet control headwater depth at design flow for various types of culverts and inlet
configurations. These nomographs were originally developed by the Bureau of Public Roadswnow the
Federal Highway Administration (FHWA) based on their studies of culvert hydraulics. These and other
nomographs can be found in the FHWA publication Hydraulic Design of Highway Culverts, HDS No. #5
(Report No. FHWA-IP-85-15), September 1985; or the WSDOT Hydraulic Manual.

Also available in the FI-IWApublication are the design equations used to develop the inlet control
nomographs. These equations are presented below.

For unsubmerged inlet conditions (defined by QIAD°5 < 3.5);

Form 1": HWID = HelD + K(QIAD°5)M- 0.5S** (4-3)

Form 2*: HWID = K(QIAD°'5)s¢ (4-4)

For submerged inlet conditions (defined by Q/AD°5 > 4.0);

HW/D = c(Q/AD°'5)2+ Y- 0.5S** (4-5)

where HW = headwater depth above inlet invert (ft)
D = interior height of culvert barrel (ft)
Hc = specific head (ft) at critical depth (de+ Vc2/2g)

- Q = flow(cfs)
A = full cross-sectional area of culvert barrel (st')
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SECTION4.3 CULVERTSAND BRIDGES

S = culvert barrel slope (ft/ft)
K,M,c,Y = constants from Table 4.3.1.A.

The specified head Hc is determined by the following equation:

Hc = dc + V=2/2g (4-6)

where dc = critical depth (ft); see Figure 4.3.1.F (p. 4-47)
Vc = flow velocity at critical depth (f-ps)
g = acceleration due to gravity (32.2 ft/secZ).

* The appropriate equation form for various inlet types is specified in Table 4.3.1.A (p. 4-38

** For mitered inlets, use +0.7S instead of-0.5S.

Note: Between the unsubmerged and submerged conditions, there is a transition zone (3.5 < Q/AD °s <

4.0) for which there is only limited hydraulic study information. The transition zone is defined empirically
by drawing a curve between and tangent to the curves defined by the unsubmerged and submerged
equations. In most Cases, the transition zone is short and the curve is easily constructed.

.... .... 4.3.1_ CONSTANTS FOR:INLET CONTROL EQUATIONS*

Onsubmerged Submerged

Shape and Material Inlet Edge Description Equation
Form K M c Y

CircularConcrete Square edge withheadwall 1 0.0098 2.0 0.0398 0.67
Groove end withheadwall 0.0078 2.0 0.0292 0.74 .....

Groove end projecting 0.0045 2.0 0.0317 0.69

CircularCMP Headwall 1 0.0078 2.0 0.0379 0.69

Miteredto slope 0.0210 1.33 0.0463 0.75

Projecting 0.0340 1.50 0.0553 0.54

Rectangular Box 300 to 75° wingwallflares 1 0.026 1.0 0.0385 0.81

900 and 15° wingwallflares 0.061 0.75 0.0400 0.80
0° wingwallflares 0.061 0.75 0.0423 0.82

CM Boxes 900 headwall 1 0.0083 2.0 0.0379 0.69

Thick wall projecting 0.0145 1.75 0.0419 0.64

Thin wall projecting 0.0340 1.5 0.0496 0.57

Arch CMP 90° headwall 1 0.0083 2.0 0.0496 0.57

Mitered to slope 0.0300 1.0 0.0463 0.75

Projecting 0.0340 1.5 0.0496 0.53

BottomlessArch 90° headwall 1 0.0083 2.0 0.0379 0.69

CMP Mitered to slope 0.0300 2.0 0.0463 0.75

Thin wall projecting 0.0340 1.5 0.0496 0,57

Circularwith Smooth tapered inletthroat 2 0.534 0.333 0.0196 0.89

Tapered Inlet Rough tapered inletthroat 0.519 0.64 0.0289 0.90

* Source: FHWA HDS No. 5
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Outlet Control Analysis

Nomographs suchasthoseprovided in Figure 4.3. ] .D (p. 4-45) andFigure 4.3.1 .E (p. 4-46) can be usedto
determine the outlet control headwater depth at design flow for various types of culverts and inlets.
Outlet control nomographs other than those provided can be found in FHWA HDS No.5 or the WSDOT
Hydraulic Manual.

The outlet control headwater depth can also be determined using the simple Backwater Analysis method
presented in Section 4.2.1.2 (p. 6-19) for analyzing pipe system capacity. This procedure is summarized
as follows for culverts:

HW = H+ TW-/_2 (6-7)

where H = Hf + He + Hex

Hf = friction loss (ft) = (V2n2L)I(2.22R L33)

Note: If (Hf+ TW-LS) < D, adjust Hf such that (Hf+ TW-LS) = D. This will keep the
analysis simple and still yield reasonable results (erring on the conservative side).

He = entrance head loss (ft) = Ke(V2/2g)
/'/ex = exit head loss (ft) = V212g

TW = tailwater depth above invert of culvert outlet (ft)

Note: If TW < (D+dc)/2, set TW = (D+dc)/2. This will keep the analysis simple and still
yield reasonable results.

L = length of culvert (ft)
S = slope of culvert barrel (ft/ft)

D = interior height of culvert barrel (ft)
V = barrel velocity (fps)

n = Manning's roughness coefficient from Table 4.2.1.D (p. 6-18)
R = hydraulic radius (ft)

Ke = entrance loss coefficient (from Table 4.3.1.B, p. 4-40)
g = acceleration due to gravity (32.2 ft/sec 2)
dc = critical depth (ft); see Figure 4.3.1.F (p. 4-47)

Note: The above procedure should not be used to develop stage�discharge curves for level pool routing
purposes because its results are not precise for flow conditions where the hydraulic grade line falls
significantly below the culvert crown (i.e., less than full flow conditions).
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SECTION4.3 CULVERTSAND BRIDGES

TABLE 4.3.1.B ENTRANCE LOSS COEFFICIENTS

Type of Structure and Design Entrance Coefficient, K,

Pipe, Concrete, PVC, Spiral Rib, DI, and LCPE

Projectingfrom fill,socket (bell) end 0.2

Projectingfrom fill,square cut end 0.5

Headwall, or headwall and wingwalls

Socket end of pipe (groove-end) 0.2

Square-edge 0.5

Rounded(radius= l/riD) 0.2

Mitered to conformto fill slope 0.7

End section conformingto fill slope* 0.5

Beveled edges, 33.7oor 45obevels 0.2

Side- or slope-taperedinlet 0.2

Pipe, or Pipe-Arch,CorruqatedMetal and Other Non-Concreteor D.I.

Projectingfrom fill (noheadwall) 0.9

Headwall, or headwalland wingwalls(square-edge) 0.5

Miteredto conform to fill slope (paved orunpavedslope) 0.7

End section conformingto fillslope* 0.5

Beveled edges, 33.7° or 45° bevels 0.2

Side- or slope-taperedinlet 0.2

Box, ReinforcedConcrete

Headwall parallelto embankment (nowingwalls)

Square-edged on 3 edges 0.5

Rounded on 3 edgesto radiusof 1/12barreldimensionor beveled 0.2
edges on 3 sides

Wingwallsat 30° to 75° to barrel

Square-edged at crown 0.4

Crown edge roundedto radiusof 1/12barreldimensionor beveled top 0.2
edge

Wingwallat 10° to 25° to barrel

Square-edged at crown 0.5

Wingwallsparallel (extensionof sides)

Square-edged at crown 0.7

Side- or slope-taperedinlet 0.2

* Note: "End section conforming to fill slope" are the sections commonly available from manufacturers. From
limited hydraulic tests they are equivalent in operation to a headwal/ in both inlet and outlet control. Some end
sections incorporating a closed taper in their design have a superior hydraulic performance.
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II II

ComputerApplications
The King County Backwater OKCBW)computer program available with this manual contains two
subroutines which can be used to analyze culvert capacity and develop stage/discharge curves for level
pool routing purposes. These areBackwater computer programBackwater computer program BWPIPE
and BWCULV. A schematic description of the nomenclature used in these programs is provided in
Figure 4.3.1.G (p. 4-48). The KCBW program documentation available from DNR includes more detailed
descriptions of program features.
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FIGURE 4.3.1.A INLET/OUTLET CONTROL CONDITIONS I
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i

HEADWATER DEPTH FOR SMOOTH INTERIOR PIPE CULVERTS WITH INLET CONTROL
i
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SECTION 4.3 CULVERTS AND BRIDGES

I FIGURE 4.3.1.C HEADWATER DEPTH FOR CORRUGATED PIPE CULVERTS WITH INLET CONTROL I
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II FIGURE4.3.1.D HEADFORCULVERTS(PIPEW/"n"--0.012) FLOWINGFULLWlTHOUTLETCONTROLII
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g II

p_FIGURE, 4.3.1.E HEAD FOR CULVERTS (PIPE W/"n"= 0.024)FLOWING FULL WITH OUTLET CONTROL IIU

- 2000

-2000

m
w

m.4

o H
z HW I' _ °

-looo | ._ ,_ _ -r hO --.5
-800 _ "_• _ so-" "_ -.6

SUBMERGEDOUTLETCULVERTFLOWINGFULL
--600 -120 " .W-.*ho-'S0 --

-- 500 --108 For outlet crown not submerged, compute HW by --.8
methods described in the design procodum

-4oo -96 :1.o

•300 - 84 O._
v

-2oo -72 % _,
- 66 O.@ -v@_, 2

m ' -60

O0 ' _ ,-54 _ Z
Z _ 3

-4.
42 //_ e'g

_60 -4

_--36 / ,_oo s
0[-40 _33 It/ " 6

-20 - 24

-21 _00

-10 -18

--8 20
n

--6 -15

_s
_4

-12

3

"2

9/1/98 1998SurfaceWaterDesign Manual
4-46

AR 031951



4.3.1 CULVERTS-- METHODSOFANALYSIS

I FIGURE4.3.1.F CRrI'ICALDEPTH OF FLOW FOR CIRCULARCULVERTS II
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I FIGURE 4.3.1.G COMPUTER SUBROUTINES BWPIPE AND BWCULV: VARIABLE DEFINITIONS [I

II
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H.G.L. VOH=VCH

HWO V

DN DO -_ _TW

(DXN"
X

FLOW DATA COEFFICIENTS/INLET DATA

DC -Critical Depth (ft) KE -Entrance Coefficient under Outlet Centre]

DN -Normal Depth (ft) KB -Bend Loss Coefficient

TW -Tailwater Depth (ft) KJ -Junction Loss Coefficient

DO -Outlet Depth (ft) K -Inlet Control Equation parameter
(See Table 4.3.1.A)

DE -Entrance Depth (ft) M -Inlet Control Equation parameter ....
(See Table 4.3.1.A)

HWO -Headwater (ft) assuming Outlet Control C -Inlet Control Equation parameter
(See Table 4.3.1.A)

HWI -Headwater (ft) assuming Inlet Control Y -Inlet Control Equation parameter
(See Table 4.3.1.A)

DXN -Distance (expressed as a fraction of the pipe Q.Ratio Ratio of tributary flow to main upstream
length) from the outlet to where the flow profile flow of Q3/Q1
intersects with normal depth. DXN will equal one
under full-flow conditions and will equal zero _Q3
when a hydraulic jump occurs at the outlet or
when normal depth equals zero (normal depth will Q1 -'_ Junction ) Qz
equal zero when the pipe grade is flat or
reversed).

VBH -Barrel Velocity Head (ft) based on the average
velocity determined by V=Q/Afull

VUH -Upstream Velocity Head (ft) based on an inputted
velocity.

EHU -Upstream Energy Head (ft) available after bend
losses and junction losses have been subtracted
from VUH.

VCH -Critical Depth Velocity Head (ft)

VNH -Normal Depth Velocity Head (ft)

VEH -Entrance Depth Velocity Head (ft)

VOH -Outlet Depth Velocity Head (ft)
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4.3.2 CULVERTS PROVIDING FOR FISH PASSAGE/MIGRATION

In fish-bearing waters, water-crossing structures must usually provide for fish passage as required for
Washington State Department of FiSh and Wildlife (WDFW) Hydraulic Project Approval or as a condition
of permitting under the Sensitive Areas Ordinance. Culverts designed for fish passage must also meet the
requirements of Section 1.2.4, "Core Requirement #4: Conveyance System."

Fish passage can generally be ensured by providing structures that do not confine the streambed---that is, a

structure wide enough so that the stream can maintain its natural channel within the culvert. Bridges,
bottomless arch culverts, arch culverts, and rectangular box culverts ("utility vaults") can often be used to
accommodate stream channels.

Where it is unfeasible to construct these types of structures, round pipe culverts may be used if high flow
velocities are minimized and low flow depths are maximized. The Hydraulic Code Rules (Title 220
WAC) detail requirements for WDFW Hydraulic Project Approval.

4.3.2.1 DESIGN CRITERIA

Table 4.3.2.A (from Title 220 WAC) lists allowable velocities, flow depths, and hydraulic drops for
culverts in fish-bearing streams. Velocities are for the high flow design discharge; water depths are for
the low flow design discharge. The hydraulic drop (a vertical drop in the water surface profile at any
point within culvert influence) is for all flows between the high and low flow design discharges.

TABLE 4.3.2.A FISH PASSAGE DESIGN CRITERIA

Adult Trout Adult Pink, Chum Adult Chinook, Coho,
Salmon Sockeye, Steelhead

1. Max Velocity (fps)

Culvert Length:

10-60 ft 4.0 5.0 6.0

60-100 ft 4.0 4.0 5.0

100-200 ft 3.0 3,0 4.0

2. Min Flow Depth (ft) 0.8 0.8 1.0

3. Max HydraulicDrop (ft) 0.8 0.8 1.0

4.3.2.2 METHODS OF ANALYSIS

High Flow Design Discharge

For gaged streams, the high flow design discharge shall be estimated by the 10% exceedance flow for

October through April inclusive, proportioned by tributary area to the culvert using the technique
described in Section 4.4.2.2 under "Flood Flows from Stream Gage Data" (p. 4-71).

For ungaged streams, the high flow design discharge shall be estimated by one of the following:

• The 10% exceedance flow for October through April inclusive for the nearest hydrologically similar
gaged stream, proportioned by tributary area

• The 5% exceedance flow determined through duration analysis with the KCRTS model
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• The 10% exceedance flow for October through April inclusive determined with the HSPF model or
the KCRTS model using the full historical record.

Low FlowDesignDischarge

For gaged streams, the low flow design discharge shall be estimated by the 95% exceedance flow for
October through April inclusive, proportioned by tributary area.

For ungaged streams, the low flow design discharge shall be estimated by one of the following:

• The 95% exceedance flow for October through April inclusive for the nearest hydrologically similar
gaged stream, proportioned by tributary area

• The 95% exceedance flow for October through April inclusive, determined by the HSPF model or the
KCRTS model using the full historical record

• One of the following equations, using KCRTS input data:

For the Sea-Tat rainfall region:

Qz = f, (0.46A¢+ 0.56A_, + 0.46Atg + 0.72Ao;+ 0.96Aop + 1.10Ao_) / 1000 (4-8)

For theLandsburg rainfallregion:

Qt = f,(0.65A¢+0.90Atp+ 0.70A,g+ 1.10Ao/+1.45Aop+ 1.70Aog+ 0.25Awt)/I000 (4-9)

where QI = low flowdesigndischarge(cfs)

f, = regionalrainfallscalefactorfromFigure3.2.2.A

A¢ = area of till forest (acres)

Aq, = area of till pasture (acres)
Atg= areaoftillgrass(acres) ......

Ao/= area of outwash forest (acres)
Aop= area of outwash pasture (acres)
Aog= area of outwash grass (acres)

Note: Minimum depths may also be met by providing an "installed no-flow depth, "per Title 220 WAC,
where the static water surface level meets minimum flow depth criteria.
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4.3.3 BRIDGES

Bridges are structures constructed over an obstacle (such as a waterway) to allow the continuation of a
thoroughfare (such as a road). They generally consist of foundation abutments and/or piers which support
a deck spanning the obstacle. In addition to the design criteria described below, bridge designs must
reflect the requirements of the Sensitive Areas Ordinance and Rules and those of other agencies such as
the Washington State Department offish and Wildlife (WDFW).

4.3.3.1 DESIGN CRITERIA

Bridge Clearance Requirements

Bridges shall be designed to convey flows for runoff events up to and including the 100-year event in a
manner that does not increase the potential for flooding in the surrounding community or cause bridge
failure. To assure this goal, the bridge must provide sufficient clearance (vertical distance between the
100-year water surface and the low chord of the bridge) to allow for passage of debris and uncertainties
in hydraulic calculations, such as bed aggradation and flows exceeding 100-year rates.

Clearance requirements differ with the size (mean annual flow) of the stream as described below. The
mean annual flow can be determined using the methods described in Section 4.3.3.2 (p. 4-52).

1. For streams with mean annual flows greater than or equal to 40 efs, design clearance shall be at
least 6 feet. This may be reduced to a minimum of 3 feet through an analysis addressing the following
considerations:

a) Debris passage: Required clearance for debris should be based on the expected height of material
above the water surface, considering the maximum material size available, the ability of the
stream to transport it, and the proximity of debris sources. Clearance for debris passage should be
applied for the width of the channel where debris flow is expected. At a minimum, the width
shall be between ordinary high water marks or the tops of defined banks, whichever is greater.

b) Bed aggradation: Where bed aggradation is probable, a hydraulic analysis shall be submitted
with the bed raised by an amount expected during a suitable design life (40 years minimum).
Aggradation estimates shall be based on a sediment transport analysis that, where possible, is
calibrated to direct cross-section comparisons over time.

c) Safety margin: The safety margin should account for uncertainties in flow rates, water surface
elevations, and aggradation over time. In addition, the safety margin should be increased when
the surrounding community is especially susceptible to flood damages that could be exacerbated
by a debris jam at the bridge.

Note: Justification for the clearance values determined above can include historical data, field
observations, and comparisons to similar bridge sites as well as quantitative analysis. Extensive
analysis may not be required; if the reviewing County engineer agrees on clearance parameters
based on review of existing data or site review, only a simple statement of the agreement and
information leading to it are needed.

2. For streams with mean annual flows greater than or equal to 20 cfs bet less than 40 cfs,
minimum design clearance within the debris path shall be 3 feet. Design clearances less than 3 feet
are allowed if supported by an analysis as outlined above.

3. For streams with mean annual flows greater than or equal to 5 cfs but less than 20 cfs, minimum
design clearance within the debris path shall be 2 feet.

4. For streams with mean annual flows less than 5 ds, there are no minimum clearance requirements.
However, for salmonid streams, headwater depths for the 25-year peak flow must be no higher than
the low chord of the bridge, assuming inlet control.
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SECTION4.3 CULVERTSAND BRIDGES

5. For lakes, wetlands, closed depressions, and streams with mean annual flows greater than or
equal to 5 cfs (applies outside of debris path only), minimum design clearance shall be 1 foot.

Bridge Approach Slopes

On streams with levees, the portion of the approach slopes subject to floodwaters must be connected to the

existing levees, and the approach slopes must be designed to meet Federal Emergency Management
Administration (FEMA) levee construction and stability standards.

Bridge Piers and Abutments

Bridge pier and abutment locations are governed by provisions of the King County Sensitive Areas
Ordinance codified in KCC 21A.24.

4.3.3.2 METHODS OF ANALYSIS

Estimation of Mean Annual Flows

Mean annual flow can be estimated from measurements of normal winter flow or may be made from gage
records, continuous hydrological modeling, or regression methods as described in the Washington State
Department of Transportation Hydraulics Manual, Section 2.7.

For gaged streams, mean annual flows can be obtained from the U.S. Geologic Survey Water Resources
Data Annual Reports for Washington State.

For ungaged streams in the Puget Sound Region, the mean annual flow may be estimated with the
following regression equation:

Qb = 0.00808 A°'933p 1"4s (4-10)

where Qb = mean annual flow (cfs)
A = basin area (squaremiles)
P = mean annual precipitation (inches)

Hydraulic Analysis

The following methods are acceptable for hydraulic analysis of bridges:

1. The Direct Step backwater method described on page 4-60 shall be used to analyze the hydraulic
impacts of bridge piers and abutments to the water surface profile.

2. The Army Corps of Engineers Hydraulic Engineering Center publishes technical papers on methods

used to address the hydraulic effects of bridge piers and abutments. The book Open Channel
Hydraulics by V.T. Chow also contains techniques for analyzing these hydraulic effects.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

4.4 OPEN CHANNELS, FLOODPLAINS, AND FLOODWAYS

This section presents the methods, criteria, and details for hydraulic analysis and design of open channels,
and the determination and analysis of floodplains and floodways. The information presented is organized
as follows:

Section 4.4.1, "Open Channels"

"Design Criteria,"Section 4.4.1. I (p. 4-54)

"Methods of Analysis," Section 4.4.1.2 (p. 4-59)

Section 4.4.2, "Floodplain/Floodway Analysis"

"Minor Floodplain Studies," Section 4.4.2.1 (p. 4-69)

"Major Flood Hazard Studies," Section 4.4.2.2 (p. 4-70)

4.4.1 OPEN CHANNELS

Open channels can be classified as either natural or constructed. Natural channels are generally referred to
as streams, creeks, or swales, while constructed channels are most often called ditches, or simply channels.
The Sensitive Areas Ordinance and Rules and Chapter 1 of this manual should be reviewed for
requirements related to streams.

Natural Channels

Natural channels are defined as those that have occurrednaturally due to the flow of surface waters, or
those that, although originally constructed by human activity, have taken on the appearance of a natural
channel including a stable route and biological community. They may vary hydraulically along each
channel reach and should be left in their natural condition, wherever feasible or required, in order to
maintain natural hydrologic functions and wildlife habitat benefits from established vegetation.

Constructed Channels

Constructed channels are those constructed or maintained by human activity and include bank stabilization
of natural channels. Constructed channels shall be either vegetation-lined, rock-lined, or lined with
appropriately bioengineered vegetation.

• Vegetation-lined channels are the most desirable of the constructed channels when properly designed
and constructed. The vegetation stabilizes the slopes of the channel, controls erosion of the channel
surface, and removes pollutants. The channel storage, low velocities, water quality benefits, and
greenbelt multiple-use benefits create significant advantages over other constructed channels. The
presence of vegetation in channels creates turbulence which results in loss of energy and increased
flow retardation; therefore, the design engineer must consider sediment deposition and scour, as well
as flow capacity, when designing the channel.

• Rock-lined channels are necessary where a vegetative lining will not provide adequate protection
from erosive velocities. They may be constructed with riprap, gabions, or slope mattress linings. The
rock lining increases the turbulence, resulting in a loss of energy and increased flow retardation. Rock
lining also permits a higher design velocity and therefore a steeper design slope than in grass-lined
channels. Rock linings are also used for erosion control at culvert and storm drain outlets, sharp
channel bends, channel confluences, and locally steepened channel sections.

• Bioengineered vegetation lining is a desirable alternative to the conventional methods of rock

armoring. Soil bioengineering is a highly specialized science that uses living plants and plant parts to
stabilize eroded or damaged land. Properly bioengineered systems are capable of providing a measure
of immediate soil protection and mechanical reinforcement. As the plants grow they produce a
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SECTION 4.4 OPEN CHANNELS, FLOODPLAINS,AND FL(X)DWAYS

vegetativeprotectivecoverandarootreinforcingmatrixinthesoilmantle.Thisrootreinforcement

serves several purposes:

a) The developed anchor roots provide both shear and tensile strength to the soil, thereby providing
protection from the frictional shear and tensile velocity components to the soil mantle during the
time when flows are receding and pore pressure is high in the saturated bank.

b) The root mat provides a living filter in the soil mantle that allows for the natural release of water
after the high flows have receded.

c) The combined root system exhibits active friction transfer along the length of the living roots.

This consolidates soil particles in the bank and serves to protect the soil structure from collapsing
and the stabilization measures from failing.

The vegetative cover of bioengineered systems provides immediate protection during high flows by
laying flat against the bank and covering the soil like a blanket. It also reduces pore pressure in
saturated banks through transpiration by acting as a natural "pump" to "pull" the water out of the
banks after flows have receded.

The King County publication Guidelines for Bank Stabilization Projects primarily focuses on projects on
larger rivers and streams, but the concepts it contains can be used in conjunction with other natural
resource information for stabilization projects on smaller systems.

4.4.1.1 DESIGN CRITERIA

General

1. Open channels shall be designed to provide required conveyance capacity while minimizing erosion
and allowing for aesthetics, habitat preservation, and enhancement.

2. An access easement for maintenance is required along all constructed channels located on private
property. Required easement widths and building setback lines vary with channel top width as shown
in Table 4.1 (p. 4-4).

3. Channel cross-section geometry shall be trapezoidal, triangular, parabolic, or segmental as shown in
Figure 4.4.1.C (p. 4-63) through Figure 4.4.1.E (p. 4-65). Side slopes shall be no steeper than 3:1 for
vegetation-lined channels and 2:1 for rock-lined channels. Note: Roadside ditches shall comply with
King County Road Standards.

4. Vegetation-lined channels shall have bottom slope gradients of 6% or less and a maximum
velocity at design flow of 5 fps (see Table 4.4.1.A, p. 4-55).

5. Rock-lined channels or bank stabilization of natural channels shall be used when design flow
velocities exceed 5 feet per second. Rock stabilization shall be in accordance with Table 4.4.1.A
(p. 4-55) or stabilized with bioengineering methods as described above in "Constructed Channels
(p. 4-53).
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.... TABLW_4A.1.A CHANNEL PROTECTION

Velocity at Design REQUIRED PROTECTION
Flow (fps)

Greater Less than Type of Protection Thickness Minimum Height
than or equal to Above Design

Water Surface

0 5 Grass lining N/A
or

bioengineeredlining

5 8 Rock lining(1) 1 foot 1 foot
or

bioengineeredlining

8 12 Riprap(2) 2 feet 2 feet

12 20 Slope mattressgabion, Varies 2 feet
etc.

(1) RockLiningshall be reasonablywell gradedas follows:
Maximumstone size: 12 inches
Median stonesize: 8 inches
Minimum stone size: 2 inches

(2) Riprap shall be reasonablywellgraded asfollows:
Maximum stone size: 24 inches
Median stone size: 16 inches
Minimum stonesize: 4 inches

Note: Riprap sizing is governed by side slopes on channel, assumed to be approximately 3:1.

Riprap Design 7

When riprap is set, stones are placed on the channel sides and bottom to protect the underlying material
from being eroded. Proper riprap design requires the determination of the median size of stone, the
thickness of the riprap layer, the gradation of stone sizes, and the selection of angular stones which will

interlock when placed. Research by the U.S. Army Corps of Engineers has provided criteria for selecting
the median stone weight, Wso (Figure 4.4.1.A, p. 4-57). If the riprap is to be used in a highly turbulent
zone (such as at a culvert outfall, downstream of a stilling basin, at sharp changes in channel geometry,
etc.), the median stone Wso should be increased from 200% to 600% depending on the severity of the
locally high turbulence. The thickness of the riprap layer should generally be twice the median stone

diameter (/95o)or at least that of the maximum stone. The riprap should have a reasonably well graded
assortment of stone sizes within the following gradation:

1.25 < D,,,JDso < 1.50

Dts/Dso= 0.50

DmiJDso = 0.25

For a more detailed analysis and design procedure for riprap requiring water surface profiles and estimates

of tractive force, refer to the paper by Maynord et al in Journal of Hydraulic Engineering (A.S.C.E.), July
1989.

7 FromapaperpreparedbyM.Schaefer,DamSafetySection,WashingtonStateDepartmentofEcology.
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Riprap Filter Design

Riprap should be underlain by a sand and gravel filter (or filter fabric) to keep the fine materials in the _
underlyingchannel bed from being washed throughthe voids in the riprap. Likewise, the filter material
must be selected so that it is not washed throughthe voids in the riprap. Adequate filters can usually be
provided by a reasonablywell graded sand and gravel material where:

Dis< 5ds5

Thevariabled85referstothesieveopeningthroughwhich85% ofthematerialbeingprotectedwillpass,
andD_shasthesameinterpretationforthefiltermaterial.A filtermaterialwithaDsoof0.5rnmwill
protectanyfinermaterialincludingclay.Whereverylargeriprapisused,itissometimesnecessarytouse
twofilterlayersbetweenthematerialbeingprotectedandtheriprap.

Example:

WhatembeddedriprapdesignshouMbeusedtoprotecta streambankata levelculvertouO_allwhere
theoutfallvelocitiesinthevicinityofthedownstreamtoeareexpectedtobeabout8fps?

FromFigure4.4.I.A(p.4-57),Wso= 6.5Ibs,butsincethedownstreamareabelowtheoutfallwillbe
subjectedtosevereturbulence,increaseWsoby400% sothat:

Wso= 26Ibs,Dso= 8.0inches

ThegradationoftheriprapisshowninFigure4.4.I.B(p.4-58),andtheminimumthicknesswouldbe
Ifoot(fromTable4.4.1.A,p.4-55);however,16inchesto24inchesofriprapthicknesswould
providesomeadditionalinsurancethattheriprapwillfunctionproperlyinthishighlyturbulentarea.

Figure4.4.1.B(p.4-58)showsthatthegradationcurveforASTM C33,sizenumber57coarse
aggregate(usedinconcretemixes),wouldmeetthefiltercriteria.Applyingthefiltercriteriatothe
coarseaggregatedemonstratesthatanyunderlyingmaterialwhosegradationwascoarserthanthatofa
concretesandwouldbeprotected.

Foradditionalinformationandproceduresforspecifyingfiltersforriprap,refertotheArmy Corpsof
EngineersManualEM 11]0-2-1601(1970),HydraulicDesignofFloodControlChannels,Paragraph14,
"RiprapProtection."
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j oou ,,l U__ MEAN CHANNEL VELOCITY VS. MEDIUM STONE WEIGHT (Wse) AND EQUIVALENT STONE DIAMETER



SECTION 4.4 OPEN CHANNELS, FLOODPLAINS, AND FLOODWAYS

I FIGURE 4.4.1.B RIPRAP GRADATION CURVE I
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4.4.1OPEN CHANNELS mMETHODS OFANAL¥$1S

4.4.1.2 METHODS OF ANALYSIS

This section presents the methods of analysis for designing new or evaluating existing open channels
for compliance with the conveyance capacity requirements set forth in Section 1.2.4, "Core
Requirement #4: Conveyance System."

Q DESIGNFLOWS

Design flows for sizing and assessing the capacity of open channels shall be determined using the
hydrologic analysis methods described in Chapter 3.

Q CONVEYANCECAPACITY

There are three acceptable methods of analysis for sizing and analyzing the capacity of open channels:

1. Manning's equation for preliminary sizing

2. Direct Step backwater method

3. Standard Step backwater method.

Manning'aEquationfor PreliminarySizing
Manning's equation is used for preliminary sizing of open channel reaches of uniform cross section and

slope (i.e., prismatic channels) and uniform roughness. This method assumes the flow depth (or normal
depth) and flow velocity remain constant throughout the channel reach for a given flow.

The charts in Figure 4.4.1.C (p. 4-63) and Figure 4.4.1.D (p. 4-64) can be used to obtain graphic solutions
of Manning's equation for common ditch sections. For conditions outside the range of these charts or for
more precise results, Manning's equation can be solved directly from its classic forms shown in Equations
(4-1) and (4-2) on page 4-18.

Table 4.4.1.B (p. 4-60) provides a reference for selecting the appropriate "n" values for open channels. A
number of engineering reference books, such as Open-Channel Hydraulics by V.T. Chow (Table 5-6 and
Figure 5-5), may also be used as guides to select "n" values. Figure 4.4.1.E (p. 4-65) contains the
geometric elements of common channel sections useful in determining area A, wetted perimeter WP, and
hydraulic radius (R= A/WP).

If flow restrictions occur which raise the water level above normal depth within a given channel reach, a
backwater condition (or non-uniform flow) is said to exist. This condition can result from flow

restrictions created by a downstream culvert, bridge, dam, pond, lake, etc., and even a downstream channel
reach having a higher normal flow depth. If backwater conditions are found to exist for the design flow, a
backwater profile must be computed to verify that the channel's capacity is still adequate as designed. The

Direct Step or Standard Step backwater methods presented in this section can be used for this purpose.
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SECTION 4.4 OPENCHANNELS,FLOODPLAINS,AND H.,OODWAYS

TABLE 4,4,1.]8 VALUES OF ROUGHNESS COEFFI_I,n,_ FOR OPEN CHANNELS

Type of Channel Manning's Type of Channel Manning's
and Description "n"* and Description "n"*

(Normal) (Normal)

A. Constructed Channels 6. Sluggishreaches, weedy 0.070
a. Earth, straightand uniform deep pools

1. Clean, recentlycompleted 0.018 7. Very weedy reaches, deep 0.100
2. Gravel, uniformsection, 0.025 pools, orfloodwayswith

clean heavy standof timber and
3. With short grass, few weeds 0.027 underbrush

b. Earth, windingand sluggish I_. Mountainstreams,no
1. No vegetation 0.025 vegetationinchannel, banks
2. Grass, some weeds 0.030 usuallysteep, trees and brush
3. Dense weeds or aquatic 0.035 alongbanks submergedat

plants indeep channels highstages
4. Earth bottomand rubble 0.030 1. Bottom:gravel, cobbles, 0.040

sides and few boulders
5. Stonybottom and weedy 0.035 2. Bottom:cobbleswith large 0.050

banks boulders
6. Cobble bottom and clean 0.040 B-2 Floodplains

sides a. Pasture, no brush
c. Rock lined 1. Short grass 0.030

1. Smoothand uniform 0.035 2. Highgrass 0.035
2. Jagged and irregular 0.040 b. Cultivated areas

d. Channels notmaintained, 1. No crop 0.030
weeds and brushuncut 2. Mature row crops 0.035
1. Dense weeds, high as flow 0.080 3. Mature field crops 0.040

depth c. Brush
2. Clean bottom,brushon 0.050 1. Scattered brush, heavy 0.050

sides weeds
3. Same as #2, higheststage 0.070 2. Lightbrush and trees 0.060

of flow 0.100 3. Mediumto dense brush 0.070
4. Dense brush, highstage 4. Heavy, dense brush 0.100

B. Natural Streams d. Trees
B-1 Minorstreams (topwidthat 1. Dense willows, straight 0.150

floodstage < 100 ft.) 2. Cleared land withtree 0.040
a. Streams on plain 0.030 stumps,no sprouts

1. Clean, straight,full stage no 3. Same as #2, but with 0.060
riftsor deep pools 0.035 heavy growthof sprouts

2. Same as #1, but more 4. Heavy stand of timber,a 0.100
stonesand weeds 0.040 few down trees, little

3. Clean, winding,some pools undergrowth,flood stage
and shoals 0.040 below branches

4. Same as #3, butsome 5. Same as #4, but withflood 0.120
weeds 0.050 stage reachingbranches

5. Same as #4, butmore
stones

* Note: These "n" values are "normal" values for use in analysis of channels. For conservative design
for channel capacity, the maximum values listed in other references should be considered. For
channel bank stability, the minimum values should be considered.

Direct Step Backwater Method

The Direct Step backwater method can be used to compute backwater profiles on prismatic channel
reaches (i.e., reaches having uniform cross section and slope) where a backwater condition or restriction to

normal flow is known to exist. The method can be applied to a series of prismatic channel reaches in

secession beginning at the downstream end of the channel and computing the profile upstream.
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4.4.1 OPEN CHANNELS _ METHODS OF ANALYSIS

Calculating the coordinates of the water surface profile using this method is an iterative process achieved
by choosing a range of flow depths, beginning at the downstream end, and proceeding incrementally up to
the point of interest or to the point of normal flow depth. This is best accomplished by the use of a table
(see Figure 4.4.1.G, p. 4-67) or computer programs (as discussed on page 4-62, "Computer Applications").

To illustrate analysis of a single reach, consider the following diagram:

'l
V Watersurfaees I t V 2

Y I I,
I I ,

S°AX Y2

Equating the total head at cross sections 1 and 2, the following equation may be written:

2 + (4-11)
SoAx+yi+ a_ 2g = Y2+ CX2_-g

where, Ax = distance between cross sections (lt)
yt, Y2 = depth of flow (it) at cross sections 1 and 2
Vl, I/2= velocity (f'ps)at cross sections 1 and 2
a_, c_e= energy coefficient at cross sections 1and 2
So = bottom slope (Nit)
S/ = friction slope = (n2V2)I(2.21RL33)
g = acceleration due to gravity, (32.2 ft/sec2)

If the specific energy E at any one cross section is defined as follows:

V 2 (4-12)
E=y+a

2g

and assuming ¢x = oc_= a2 where ocis the energy coefficient which corrects for the non-uniform
distribution of velocity over the channel cross section, Equations (4-11) and (4-12) can be combined and
rearranged to solve for Ax as follows:

Ax = (E2- E,)I(So- S/) = AE/( So- Ss) (4-13)
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SECTION4.4 OPEN CHANNELS,FLOODPLAINS,AND FLOODWAYS

Typical values of the energy coefficient a are as follows:

Channels, regular section I. 15

Natural streams 1.3

Shallow vegetated flood fringes (includes channel) 1.75

For a given flow, channel slope, Manning's "n," and energy coefficient a, together with a beginning water
surface elevation y_, the values of Ax may be calculated for arbitrarily chosen values ofy]. The
coordinates defining the water surface profile are obtained from the cumulative sum of Ax and
corresponding values ofy.

The normal flow depthy, should first be calculated from Manning's equation to establish the upper limit
of the backwater effect.

Standard Step Backwater Method

The Standard Step Backwater Method is a variation of the Direct Step Backwater Method and can be used
to compute backwater profiles on both prismatic and non-prismatic channels. In this method, stations are
established along the channel where cross section data is known or has been determined through field

survey. The computation is carried out in steps from station to station rather than throughout a given
channel reach as is done in the Direct Step method. As a result, the analysis involves significantly more
trial-and-error calculation in order to determine the flow depth at each station.

Computer Applications

Because of the iterative calculations involved, use of a computer to perform the analysis is recommended.

The King County Backwater 0KCBW) computer program included in the software package available
with this manual, includes a subroutine, BWCHAN, based on the Standard Step backwater method, which
can be used for all channel capacity analysis. It can also be combined with the BWPIPE and BWCULV

subroutinesBackwater computer programBackwater computer program, to analyze an entire drainage
conveyance system. A schematic description of the nomenclature used in the BWCHAN subroutine is

provided in Figure 4.4.1.H (p. 4-68). See the KCBW program documentation for further information.
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I FIGURE 4.4.1.C DITCHES -- COMMON SECTIONS II
PROPERTIES OF DITCHES

DIMENSIONS HYDRAULICS

NO. Side Slopes B H W a p R R(z_)
D-" - - 6.5" 5'-0" 1.84 5.16 0.356 0.50_

D-1C - - 6" 25'-0" 6.25 25.5( 0.245 0.392
D-2A 1.5:1 2'-0" 1'-0" 5'-0" 3.50 5.61 0.624 0.731

B 2:1 2'-0" 1'-0" 6'-0" 4.00 6.47 0.618 0.726
C 3:1 2'-0" 1'-0" 8'-0" 5.00 8.32 0.601 0.71:

D-3A 1.5:1 3'-0" 1'.6" 7'-6" 7.88 8.41 0.937 0.957
B 2:1 3'-0" 1'-6" 9'-0" 9.00 9.71 0.927 0.951
C 3:1 3'-0" 1'-6" 12'-0" 11.25 12.49 0.901 0.933

D-4A 1.5:1 3'-0" 2'-0" 9'-0" 12.00 10,21 1.175 1.114
B 2:1 3'-0" 2'-0" 11'-0" 14.00 11.94 1.172 1.112
C 3:1 3'-0" 2'-0" 15'-0" 18.00 15.65 1.150 1.098

D-5A 1.5:1 4'-0" 3'-0" 13'-0" 25.50 13.82 1.846 1.505
B 2:1 4'-0" 3'-0" 16'-0" 30.00 16.42 1.827 1.495
C 3:1 4'-0" 3'-0" 22'-0" 39.00 21.97 1.775 1.466

D-6AI 2:1 - 1'-0" 4'-0" 2.00 4.47 0.447 0.585
B 3:1 -- 1'-0" 6'-0" 3.00 6.32 0.474 0.608

D-7A 2:1 - 2'-0" 8'-0" 8.00 8.94 0.894 0.928
B 3:1 - 2'-0" 12'-0" 12.00 12.65 0.94g 0.965

D-8A 2:1 - 3'-0" 12'-0" 18.00 13.42 1.342i 1.216
B 3:1 - 3'-0" 18'-0" 27.00 18.97 1.4231 1.265

D-9 7:1 - 1'-0" 14'-0" 7.00 14.14 0.4951 0.626
D-10 7:1 - 2'-0" 28'-0" 28.00 28.28 0.990 0.993
D-11 7:1 - 3'-0" 42'-0" 63.00 42.43 1.485 1.302

R= 6'

__/w w I
D-1Segmental(parabolic) D-lc Curbedcrownedstreet

• • _ o "

I- B rl

D-2,D-3,D-4,D-5Trapezoidal IsoscelestriangularD-6throughD-11
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I FIGURE 4.4.1.D DRAINAGE DITCHES _ COMMON SECTIONS I-

NOTE: A) Chart based on Manning formula Q=1.49/n*A'R2/3"S1/2
with n=0.030, except D-1C which is based on n=0.015. For other values of
n, multiply discharge by 0.030/n

1 velocity of 1 ft. per sec.
per 1000', discharge=6.3 c.f.s., n=0.025.

Required- Size of ditch and velocity. Solution- To use chart, multiply
discharge, 6.3 by (.03/.025) = 7.56 c.f.s. Point satisfying given conditions
lies between lines for D-2A and D-2B. Select larger of the two ditches, in
this case D-2B. Velocity approx. 2.1 ft. per sec.

D-l(

i)-9

0.001 0.01 0.1
SLOPE IN FEET PER FOOT
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E FIGURE 4.4.1.E GEOMETRIC ELEMENTS OF COMMON SECTIONS
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SECTION 4.4 OPEN CHANNELS, FLOODPLAINS, AND FLOODWAYS

I FIGURE 4.4.1.F OPEN CHANNEL FLOW PROFILE COMPUTATION II

Q= n= So= a= Y_=

y A R RA/3 V aV212g E AE Sf Sf S,,- Sf Ax x

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
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FIGURE 4.4.1.G DIRECT STEP BACKWATER METHOD- EXAMPLE

y A R R4_ V oW212g E AE Sf Sf So- 7j, Ax x

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

6.0 72.0 2.68 3.72 0.42 0.0031 6.0031 0.00002 -

5.5 60.5 2.46 3.31 0.50 0.0040 5.5040 0.4990 0.00003 0.000025 0.00698 71.50 71.5

5.0 50.0 2.24 2.92 0.60 0.0064 5.0064 0.4976 0.00005 0.000040 0.00696 7.1.49 142.99

4.5 40.5 2.01 2.54 0.74 0.0098 4.5098 0.4966 O.O00Q9 0.000070 0.00693 71.64 214.63

4.0 32.0 1.79 2.17 0.94 0.0157 4.0157 0.4941 0.00016 0.000127 0.00687 71.89 286.52

3.5 24.5 1.57 1.82 1.22 0.0268 3.5268 0.4889 0.00033 0.000246 0.00675 72.38 358.90

3.0 18.0 1.34 1.48 1.67 0.0496 3.0496 0.4772 0.00076 0.000547 0.00645 73.95 432.85

2.5 12.5 1.12 1.16 2.40 0.1029 2.6029 0.4467 0.00201 0.001387 0.00561 79.58 512.43

2.0 8.0 0.89 0.86 3.75 0.2511 2.2511 0.3518 0.00663 0.004320 0.00268 131.27 643.70

The step computations are carried out as shown in the above table. The values in each column of the table are
explained as follows:

Col. 1. Depth of flow (ft) assigned from 6 to 2 feet

Col. 2. Water area (ft2) corresponding to depth y in Col. 1

Col. 3 Hydraulic radius (ft) corresponding to y in Col. 1
+

Col. 4. Four-thirds power of the hydraulic radius

Col. 5. Mean velocity (fps) obtained by dividing Q (30 cfs) by the water area in Col. 2

Col. 6. Velocity head (ft)

Col. 7. Specific energy (ft) obtained by adding the velocity head in Col. 6 to depth of flow in Col. 1

Col. 8. Change of specific energy (ft) equal to the difference between the E value in Col. 7 and that of the
previous step.

Col. 9. Friction slope S/, computed from V as given in Col. 5 and R 4a in Col. 4

Col. 10. Average friction slope between the steps, equal to the arithmetic mean of the friction slope just
computed in Col. 9 and that of the previous step

Col.11. Difference between the bottom slope, So, and the average friction slope, Sf

Col. 12. Length of the reach (ft) between the consecutive steps;

Computed by Ax = AEI(So - Sf) or by dividing the value in Col. 8 by the value in Col. 11

Col.13. Distance from the beginning point to the section under consideration. This is equal to the
cumulative sum of the values in Col. 12 computed for previous steps.

There are a number of commercial software programs for use on personal computers that use variations of the
Standard Step backwater method for determining water surface profiles. The most common and widely
accepted program is called HEC-2, published and supported by the United States Army Corps of Engineers

Hydraulic Engineering Center. It is the model required by FEMA for use in performing flood hazard studies
for preparing flood insurance maps. Other programs include WSP-2, published by the SCS, and WSPRO or
E-431, published by USGS.
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FIGURE 4.4.1.H BWCHAN COMPUTERSUBROUTINE VARIABLEDEFINITIONS I

(_ V22
SF - SF1 + SF2 EC* 2g

2.0 /

V2 E.G.L I "// ....
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- V
_____---

YN-IN

'iI Y2 E2
I ;-IN I

I YN-OT I

I. x - _1
I _o( i .
current previous
cross-section cross-section

BWCHAN - VARIABLE DERNmONS

YC-IN CriticalDepth (ft) at currentsection based on incoming flow rate.

YC.OUT CriticalDepth (ft) at currentsection based on outgoing flow rate.

YN-IN NormalDepth (ft) at currentsection based on incoming flow rate/channelgrade.

YN-OUT Normal Depth (ft) at current section based on outgoing flow rate/channel grade.
Y1 Final Water Depth (ft) at current cross section

N-Y1 Composite n-factor of current section for final depth, Y1.

A-Y1 Cross-sectional Area of current section for final depth, Y1.

WP-Y1 Wetted Perimeter (ft) of current section for final depth, Y 1.

V-Y1 Average Velocity (fps) of current section for final depth, Y1.

E1 Total EnergyHead (ft) at current section (YI+ EC*V,"/2g)
E2 Total EnergyHead (ft) at pervious or downstream section.

SF1 Friction Slope of current section.

SF2 Friction Slope of previous or downstream section.

DXY Distance (expressed as a fraction of the current reach length) from the previous or
downstream section to where the flow profile would intersect the final water depth,
YI, assuming Y1 were to remain constant

EC Energy Coefficient "¢t"

Q-TW The flow rate used to determine Tailwater Height from an inputtedHW/TW Data
File.

TW-HT Tailwater Height.

Q-Y1 Flow rate (cfs) in channel at current section, fordepth, Y1

VU-Y1 Upstream Velocity (fps) at currentsection for depth, Y1 ("Adjust" option).
Vl-HD Channel Velocity Head (ft) at currentsection.

VU-HD Upstream Velocity Head (ft) at currentsection.
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4.4.2 FLOODPLAIN/FLOODWAY ANALYSIS

This section describes the flood hazard studies required by Special Requirement #2, Floodplain/Floodway
Delineation, in Section 1.3.2. Flood hazard studies establish base flood elevations and delineate

floodplains and/or floodways when a proposed project contains or is adjacent to a stream, lake, wetland, or

closed depression. Furthermore, when development is proposed within the floodplain, the flood hazard
study is used to show compliance with Sensitive Areas Ordinance (SAO) flood hazard area regulations.
Note that flood hazard studies are generally not required when an approved flood hazard study, such as
shown on a Federal Emergency Management Administration (FEMA ) Flood Insurance Rate Map (FIRM),
exists for the site.

There are two types of flood hazard studies:

1. Minor floodplain studies are acceptable where development is not proposed within a floodplain. In
some instances, minor floodplain studies may also be required to evaluate floodplains associated with
existing drainage channels or culvert headwaters. Minor floodplain studies determine an assumed
base flood elevation, and the entire site below this elevation (i.e., within the floodplain) is assumed to
be floodway. The portion of the site below the base flood elevation must be designated as a
floodplain and a Sensitive Area Notice on Title recorded for the site.

An exception to minor floodplain studies is provided for proposals where topographical relief is
sufficient to clearly preclude the possibility of flooding (see Section 4.4.2.1 below). Application of
the exception also establishes an assumed base flood elevation and requires a Notice on Title.

2. Major flood hazard studies are required only ff development is proposed within the floodplain. The
SAO applies different regulations to development within the flood fringe and the floodway.
Therefore, if development is proposed within the floodplain, a major flood hazard study is required to
both establish the base flood elevation and delineate the floodway. Since major flood hazard
studies must comply with FEMA regulations, these studies may also be used in support of a FEMA
Letter of Map Revision or Letter of Map Amendment.

4.4.2.1 MINOR FLOODPLAIN STUDIES

For streams without an approved floodplain or flood hazard study, or for drainage ditches or culvert
headwaters, the floodplain shall be determined using the Direct Step backwater method, Standard Step
backwater method, or the King County Backwater computer program.

For lakes, wetlands, and dosed depressions without an approved floodplain or flood hazard study, the
floodplain shall be determined using the point of compliance technique described in Section 3.3.6.

Exception: In lieu of a minor floodplain study, the applicant may submit an engineering plan8 showing the
proposed building site located at an elevation at least 10 feet above the ordinary high water mark of a
stream, lake, or wetland, or 2 feet above the downstream overflow elevation of a conveyance system,
stream, lake, wetland, or closed depression, whichever is less, subject to the following conditions:

1. The design engineer preparing the engineering plan shall provide a narrative describing his/her level
of confidence in the assumed base flood elevation. The narrative must include, but is not limited to,

an assessment of potential backwater effects (such as might result from nearby fiver flooding, for
example); observations and/or anecdotal information on water surface elevations during previous
flood events; and an assessment of potential for significantly higher future flows at basin buildout.
(Note: Many of these issues will have been addressed in a Level I downstream analysis, if required.)
Where there is any doubt, expressed by either the engineer or DDES staff, that the actual base flood

elevation may be higher than the assumed base flood elevation, this exception shall not apply.

a Insomeinstances,DDESengineeringreviewstaffmaydeterminethattheproposedprojectissufficientlyabovethe
clearancesspecifiedinthisexceptionandmaynotrequireanengineeringplan.Typically,thisisdoneforprojectsinSmall
SiteDrainageReviewthatdearlyexceedminimumclearancesandotherwisewouldnotrequireengineeringdesign.
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SECTION 4.4 OPEN CHANNELS,FLOODPLAINS,AND FLOODWAYS

2. The area of the proposed project site that is at or below the assumed base flood elevation must be
delineated and designated as a floodplain, and a Sensitive Area Notice on Title must be recorded for

the site. For single family residential permits, the assumed floodplain need not be delineated, but a

Notice on Title must be recorded stating that a floodplain exists, and the assumed base flood elevation
must be noted if determined.

The intent of this exception is to reduce required analysis in those situations where proposals may be
adjacent to or contain a flood hazard area, but by virtue of significant topographical relief are clearly in no
danger of flooding. The minimum l0 feet of separation from ordinary high water reduces analysis for
those proposals adjacent to streams confined to deep channels or ravines, or near lakes or wetlands.

The 2 feet above downstream overflow elevation is intended to protect projects located upstream of
drainage systems that may become plugged, such as roadway culverts, or for projects near lakes, wetlands,
or closed depressions.

4.4.2.2 MAJOR FLOOD HAZARD STUDIES

Major flood hazard studies must conform to FEMA regulations described in Part 65 of 44 Code of Federal

Regulations (CFR). In addition, the following information must be provided and procedures performed
for major flood hazard studies used under the SAO to examine development proposals or improvements
within a floodplain.

I:1 INFORMATIONREQUIRED

The following information is required for review of a floodplain/floodway analysis in addition to that
required for the drainage plan of a proposed project.

Floodplain/Floodway Map

A major flood hazard study requires submittal of five copies of a separate floodplain/floodway map
stamped by a licensed civil engineer and a professional land surveyor registered in the State of

Washington (for the base survey). The map must accurately locate any proposed development with
respect to the floodplain and floodway, the channel of the stream, and existing development in the

floodplain; it must also supply all pertinent information such as the nature of any proposed project, legal
description of the property on which the project would be located, fill quantity, limits and elevation, the
building floor elevations, flood-proofing measures, and any use of compensatory storage.

The map must show elevation contours at a minimum of 2-foot vertical intervals and shall comply with
survey and map guidelines published in the FEMA publication Guidelines and Specifications for Study
Contractors. The map must show the following:

• elevations and ground contours;

• elevations and dimensions of existing structures, fill, and compensatory storage areas;

• size, location, elevation, and spatial arrangement of all proposed structures on the site;

• location and elevations of roadways, water supply lines, and sanitary sewer facilities.

Study Report

A major flood hazard study also requires submittal of two copies of a study report, stamped by a licensed
civil engineer, which must include calculations or any computer analysis input and output information as
well as the following additional information:

1. Valley cross sections showing the channel of the stream, the floodplain adjoining each side of the
channel, the computed floodway, the cross-sectional area to be occupied by any proposed
development, and all historic high water information.
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4.4.2 FLOODPLAIN/FLOODWAY ANALYSIS

2. Profiles showing the bottom of the channel, the top of both left and right banks, and existing and
proposed base flood water surfaces.

3. Plans and specifications for flood-proof'rag any structures,construction areas, filling, dredging,
channel improvement, storage of materials,water supply, and sanitary facilities within the floodplain.

4. Complete printout of input and output for HEC-2. Liberal use of comments will assist in
understanding model logic and prevent review delays.

5. One ready-to-run digital copy of each I-IEC-2 input file used in the study. Data shall be submitted
on a disk in standard ASCII format, ready for use on an IBM-compatible PC.

r3 DETERMINING FLOOD FLOWS

The three techniques used to determinethe flows used in the analysis depend on whether gage data is
available or whether a basinplan has been adopted. The firsttechnique is forbasins in adopted basinplan
areas. The second techniqueis used if a gaging station exists on the stream. The thirdtechnique is used
on ungaged catchmentsor those with an insufficient length of record. In all cases, the engineer shall be
responsible forassuring that the hydrologicmethods used aretechnically reasonableandconservative,
conform to the Guidelines and Specifications for Study Contractors, and areacceptable by FEMA.

Flood Flows from Adopted Basin Plan Information

For those areas where King County has adopted abasin plan since 1986, flood flows may be determined
using information from the adopted basin plan. The hydrologic model used in the basin plan shall be
updated to include the latest changes in zoning, or any additional information regarding the basin which
has been acquired since the adoption of the basin plan.

FloodFlowsfrom StreamGageData
Determining flood flows from stream gage data uses the Log-Pearson Type RI distribution method as
described in Guidelines for Determining Flood Flow Frequency, Bulletin 17B of the Hydrology
Committee, United States Water Resources Council, (revised September 1981). Contact FEMA to verify
use of this technique.

1. This technique may only be used if data from a gaging station in the basin is available for a period of
at least ten years.

2. If the difference in the drainage area on the stream at the study site and the drainage area to a gaging
station on the stream at a different location in the same basin is less than or equal to 50 percent, the
flow at the study site shall be determined by transferring the calculated flow at the gage to the study
site using a drainage area ratio raised to the 0.86 power, as in the following equation:

Qss = QG (Ass/An) 0"86 (4-14)

where Qss = estimated flow for the given return frequencyon the streamat the study site
QG= flow for the givenreturnfrequencyon the stream at the gage site
Ass= drainageareatributaryto the streamat the study site
An = drainageareatributaryto the streamatthe gage site

3. If the difference in the drainageareaat the study site and the drainagearea at a gaging station in the
basin is more than 50 percent anda basinplan has not beenprepared,a continuous model shall be
used as describedbelow to determineflood flows atthe study site.

4. In all cases where damsor reservoirs, floodplaindevelopment,or land use upstreammay have altered
the storage capacity or runoff characteristicsof the basinso as to affect the validity of this technique, a
continuous model shall be used to determine flood flows at the study site.
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Flood Flows from a Calibrated Continuous Model

Flood flows may be determined by utilizing a continuous flow simulation model such as HSPF. Where
flood elevations or stream gaging data are available, the model shall be calibrated; otherwise, regional
parameters9may be used. _

Q DETERMINING FLOOD ELEVATIONS, PROFILES, AND FLOODWAYS

Reconnaissance

The applicant's design engineer is responsible for the collection of all existing data with regard to flooding
in the study area. This shall include a literature search of all published reports in the study area and
adjacent communities, and an information search to obtain all unpublished information on flooding in the
immediate and adjacent areas from federal, state, and local units of government. This search shall include
specific information on past flooding in the area, drainage structures such as bridges and culverts that
affect flooding in the area, available topographic maps, available community maps, photographs of past
flood events, and general flooding problems within the community. A field reconnaissance shall be made
by the applicant's design engineer to determine hydraulic conditions of the study area, including type and
number of structures, locations of cross sections, and other parameters, including the roughness values
necessary for the hydraulic analysis.

Base Data

Cross sections used in the hydraulic analysis shall be obtained by surveying. Topographic information
obtained from aerial photographs may be used in combination with surveyed cross sections in the
hydraulic analysis. The elevation datmn of all information used in the hydraulic analysis shall be
verified. All information shall be referenced directly to NAVD 1988 (and include local correlation to
NGVD) unless otherwise approved by King County. See Table 4.4.2.C (p. 4-75) for correlations of other
datum to NAVD 1988.

Methodology

Flood profiles and floodway studiesshall be calculated using the U.S. Army Corps of Engineers' HEC-2
computer model (or subsequent revisions).

Floodway Determination

King County recognizes two distinct floodway definitions. The FEMAfloodway describes the limit to
which encroachment into the natural conveyance channel can cause one foot or less rise in water surface
elevation. The zero-risefloodway is based upon the limit to which encroachment can occur without
detectable water surface elevation or energy grade line changes.

1. FEMA floodways are determined through the procedures outlined in the FEMA publication
Guidelines and Specifications for Study Contractors using the 1-foot maximum allowable rise criteria.

2. Transitions shall take into account obstructions to flow such as road approach grades, bridges, piers,
or other restrictions. General guidelines for transitions may be found in HEC-2, Water Surface
Profiles-Users Manual, Appendix IV, Application of HEC-2 Bridge Routines, published by the
Hydrologic Engineering Center, Davis, California.

3. Zero-rise floodways are assumed to include the entire 100-year floodplain until King County
approves a detailed study which defines a zero-rise floodway.

4. Zero-rise means no detectable change in water surface elevation or energy grade line. For
changes between the unencroachedcondition andencroachmentto the zero-rise floodway, HEC-2
must report O.00 as both the change in water surface elevation (DIFWSP) and the change in energy

9Dinacola.1990.U.S.G.S.,CharatedzationandSimulationofRainfall-RunoffRelationsforHeadwaterBasinsinWestemKing
andSnohomishCounties,Washington.

9/1/98 1998SurfaceWaterDesignManual
4-72

All 031977



4.4.2 FLOODPLAIN/FLOODWAYANALYSIS

grade (DIFEG). HEC-2 must further report the exact same elevations for both the computed water
surface (CWSEL) and energy grade (EG).

5. Floodway studies must reflect the transitions mentioned in Requirement 2 above. Floodway
boundaries are to follow stream lines, and should reasonably balance the rights of property owners on
either side of the floodway. Use of the automatic equal conveyance encroachment options in the
HEC-2 program will be considered equitable. For zero-rise floodway studies, or where HEC-2
automatic options are otherwise not appropriate, the floodway must be placed to minimize the top
width of the floodway.

6. Floodway studies submitted for King County review must include the HEC-2 output summary
tables called by:

J3 38 43 1 3 50 61 53 27 21 22

J3 28 54 110 150

The J3 output variables include the following:

38 SECND: Cross section identification number which identifies the location of all other data
in the table row

43 Q: Steady-state flow past cross section in cubic feet per second

1 CWSEL: Computedwater surface elevation at cross section

3 EG: Energy grade at cross section

50 DIFWSP: Difference between two profiles' water surface elevation at one cross section (e.g.,
difference between natural and encroached water surface)

61 DIFEG: Difference between two profiles' energy grade at one cross section

._ 53 SSTA: Starting station where water surface intersects the ground (leftmost edge of
floodplain)

27 STENCL: Station of encroachment left of the channel

21 STCHL: Station of channel's left bank

22 STCHR: Station of channel's right bank

28 STENCR: Station of encroachment right of the channel

54 ENDST: Ending station where the water surface intersects the ground (rightmost edge of
floodplain)

110 HEC-2 standard encroachment data table

150 HEC-2 standard summary (two tables).

Previous Floodplain Studies

If differences exist between a study previously approved by the County and the applicant's design
engineer's calculated hydraulic floodways or flood profiles, the design engineer shall provide justification
and obtain County approval for these differences.

Calculation of Flow Profile

For zero-rise analysis, the flow profile shall be computed and reported to thenearest 0.0l foot. While
absolute water surfaces cannot be predicted with such accuracy on dynamic river and stream systems,
zero-rise analysis requires only comparisons of modeled hydraulics for the existing and proposed
conditions. Such comparisons are independent of natural dynamics and are not limited by the accuracy of
the model's absolute water surface predictions.
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Adequacy of Hydraulic Model

The County considers the following factors when determining the adequacyof the hydraulic model and
flow profiles for use in floodway analysis:

1. Cross section spacing

2. Differences in energy grade

Note: Significant differences in the energy gradefrom cross section to cross section are an indication

that cross sections should be more closely spaced or that other inaccuracies exist in the hydraulic
model.

3. Methods for analyzing the hydraulics of structures such as bridges and culverts

4. Lack of flow continuity

5. Use of a gradually-varied flow model

Note: In certain circumstances (such as weir flow over a levee or dike, flow through the spillway of a
dam, or special applications of bridge flow), rapidly-varied flow techniques shall be used in
combination with a gradually-varied flow model

6. Manning's "n" values

7. Calibration of the hydraulic model with past flood events

8. Special applications. In some cases, HEC-2 alone may not be sufficient for preparing the
floodplain/floodway analysis. This may occur where sediment transport, two-dimensional flow, or

other unique hydraulic circumstances affect the accuracy of the HEC-2 hydraulic model. In these
cases, the applicant shall obtain County approval of other methods proposed for establishing the water
surface profiles.

./
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TABLE4'4'2.C DATUM CORRELATIONS

Seattle Area
Tide Tables

(Snoq. NGVD, &
Valley) USGS & Navigation

Correlation NAVD U.S. City of USC & Charts 1954
From _ To 1988" KCAS Engineers Seattle GS 1947 & Later

NAVD 1988" -- -3.58 3.44 -9.54 -3.49 2.98
(SnoqualmieValley)

KCAS 3.58 -- 7.02 -5.96 0.09 6.56

U.S. Engineers -3.44 -7.02 - -12.98 -6.93 -0.46

City of Seattle 9.54 5.96 12.98 -- 6.05 12.52

NGVD, USGS & 3.49 -0.09 6.93 -6.05 -- 6.47
USC& GS 1947
(adjustedto the 1929
datum)

Seattle Area Tide Tables -2.98 -6.56 0.46 -12.52 -6.47 --
& NavigationCharts
1954 & Later (based on
epoch 1924-1942)

DesignTidal Tailwater 12.08 8.50 15.52 2.54 8.59 15.06
Elevation

Mean Higher HighWater 8.34 4.76 11.78 -1.20 4.85 11.32
(MHHW)

! Mean High Water (MHW) 7.49 3.91 10.93 -2.05 4.00 10.47

Mean LowWater (MLW) -0.16 -3.74 3.28 -9.70 -3.65 2.82

Mean Lower Low Water -2.98 -6.56 0.46 -12.52 -6.47 0.00
(MLLW)

"Varies,correlation isfor SnoqualmieValley.
Note: Contact King County Department of Transportation (KC-DOT) Survey Division for datum

correlation for other areas.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

CHAPTER 5
FLOW CONTROL DESIGN

This chapter presents the King County approved methods, criteria, and details for hydraulic analysis and
design of flow control facilities, roof downspout controls, and flow control Best Management Practices
(BMPs) pursuant to Core Requirement #3, "Flow Control" (see Section 1.2.3). Flow control facilities, as

described in this manual, are detention or infilla-ation facilities engineered to meet a specified discharge
performance. Roof downspout controls are infiltration or dispersion systems required on all lots of
proposed plats and short plats in conjunction with, and in addition to, required flow control facilities.

Flow control BMPs are simple methods and designs for dispersing and reducing runoff from developed
areas.

Four terms are commonly used to describe flow control facilities in King County: detention facilities,

retention facilities, infiltration facilities, and R/D (Retention/Detention) facilities. A detention facility, by
definition, temporarily stores surface water runoff and discharges it at a reduced rate. A retention facility
stores water longer and effectively has no surface outflow (outflow occurs by evaporation or soaking into

the ground). Infiltration facilities are retention facilities that rely entirely on the soaking of collected
surface water into the ground. The term R/D facility has been used in previous versions of this manual to
generally refer to all flow control facilities.

Chapter Organization

The information in this chapter is organized into the following four main sections:

• Section 5.1, "Roof Downspout Controls" (p. 5-3)

• Section 5.2, "Flow Control BMPs" (p. 5-13)

• Section 5.3, "Detention Facilities" (p. 5-19)

• Section 5.4, "Infiltration Facilities" (p. 5-53).

These sections begin on odd pages so that tabs can be inserted by the user if desired for quicker reference.

Required vs. Recommended Design Criteria

Both required and recommended design criteria are presented in this chapter. Criteria stated using "shall"
or "must" are mandatory, to be followed unless there is a good reason to deviate as allowed by the

adjustment process (see Section 1.4). These criteria are required design criteria and generally affect
facility performance or critical maintenance factors.

__ Sometimes options are stated as part of the required design criteria using the language "should" or

"may." These criteria are really recommended design criteria, but are so closely related to the required
criteria that they are placed with it.
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5.1 ROOF DOWNSPOUT CONTROLS

This section presents the criteria for design and implementation of roof downspout controls. Roof
downspout controls are simple designs for infiltrating and/or dispersing runoff from roof areas for the
purposes of increasing opportunities for groundwater recharge and reduction of runoff volumes from new

developments. These controls are a mandatory requirement for all single family subdivision projects
subject to Core Requirement #3 (see Section 1.2.3). They are also applied as flow control BMPs as
detailed in Section 5.2 (p. 5-13).

When roof downspout controls are required, one of the following three types must be selected in
descending order of preference as specified in this section:

• Downspout infiltration systems (Section 5.1.1, p. 5-5)

• Downspout dispersion systems (Section 5.1.2, p. 5-9)

• Downspout perforated stub-out connections (Section 5.1.3, p. 5-11).

Note: Other innovative downspout control BMPs such as rain barrels or ornamental ponds may also be
proposed through an approved "adjustment" (see Section 1.4).

Selection of Roof Downspout Controls in Subdivisions

King County zoning creates high density residential development in urban areas and low density
development in rural areas. Lots created in rural areas will typically be very large (5 acres or greater);

dispersion or infiltration is required for these lots. Lots created in urban areas will typically be smaller
than about 8,000 square feet. Since these lots have a limited amount of area in which to site trenches,
downspout infiltration is required only in those soils which readily infiltrate (coarse sands and cobbles to

medium sands). For urban lots located in less permeable soils, dispersion is required. Connection to the

street storm drain system is only allowed where dispersion is not feasible because of very small lot size or

where there is a potential for creating drainage problems on adjacent lots (see Section 5.1.2, p. 5-9).

The evaluation and selection of roof downspout controls shall be done at the platting stage. Roof
downspout controls shall be shown on engineering plans, and a note conditioning single family residential

permit approval on compliance with approved downspout controls shall be recorded with the plat.

Figure 5.1 (p. 5-4) illustrates how roof downspout controls are selected and applied in single family

subdivision projects. More detailed procedures for applying these controls to subdivisions are provided in
the above-referenced sections.

Roof Downspout Controls Applied as Flow Control BMPs

As with subdivisions, projects utilizing roof downspout controls to meet the flow control BMP

requirements of Section 5.2 must apply these controls in the order of preference specified above.

Essentially, roof downspout infiltration is required unless determined to be not feasible or not applicable

using the evaluation procedure in Section 5.1.1 (p. 5-5), If infiltration is not feasible, then downspout
dispersion is required. If downspout infiltration is not implementable as detailed in Section 5.1.2 (p. 5-9),
then a perforated stub-out connection to the local drainage system may be allowed in some cases.

Roof Downspout Controls in Landslide Hazard Drainage Areas

Individual lot downspout infiltration or dispersion systems may be considered in the design of residential

subdivisions upslope of landslide hazard areas. If scattered across the landscape, these systems may better
replicate existing runoff conditions than would collecting all runoff in a single large facility. Even if

served by a tightline, lots not adjacent to the hazard area should be considered for individual lot systems.

Lots immediately adjacent to the hazard area'should be collected in the tightline system, if provided.

1998 Surface Water Design Manual 9/1/98
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SECTION5.1 ROOFDOWNSPOUTCONTROLS

[I FIGURE5.1 SELECTIONOF ROOFDOWNSPOUTCONTROLSIN SUBDIVISIONS I[
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5.1. I DOWNSPOUT INFILTRATION SYSTEMS

5.1.1 DOWNSPOUT INFH, TRATION SYSTEMS

Downspout infiltration systems are trench systems intended only for use in infiltrating runoff from roof
downspout drains. They are not designed to directly infiltrate surface water that could transport sediment
or pollutants, such as from paved areas.

r-= BASIC REQUIREMENTS

l. Single family subdivision projects subject to Core Requirement #3 must provide for individual
downspout infiltration systems on all lots smaller than 22,000 square feet if feasible.

2. The feasibility or applicability of downspout infiltration must be evaluated for all subdivision single
family lots smaller than 22,000 square feet. The evaluation procedure detailed below shall be used to

determine if downspout infiltration is feasible or whether downspout dispersion can be used in lieu of
infiltration. This procedure shall also be used to evaluate all projects proposing to apply roof
downspout controls as flow control BMPs per Section 5.2.

3. For subdivision single family lots greater than or equal to 22,000 square feet, downspout infiltration is
optional, and the evaluation procedure detailed below is only required if downspout infiltration is
being proposed voluntarily. .Note: If downspout infiltration is not required or provided on these lots,
then a downspout dispersion system must be provided per Section 5.1.2 (p. 5-9).

E! PROCEDURE FOR EVALUATING FEASIBILITY

1. A soils report must be prepared by a geotechnical engineer. The report must reference a sufficient
number of soils logs to establish the type and limits of soils on the project site. The report should at a
minimum identify the limits of any outwash type soils (i.e., those meeting USDA soil texture classes
ranging from coarse sand and cobbles to medium sand) versus other soil types.

2. On lots or sites with no outwash type soils, a downspout dispersion system per Section 5.1.2
(p. 5-9) may be used in lieu of infiltration. If downspout infiltration is still desired to qualify for flow
control sizing credits, it must be shown to be feasible as described below.

3. On lots or sites containing outwash type soils (coarse to medium sand), additional site-specific testing
must be done. Individual lot or site tests shall consist of at least one soils log, a minimum of 4 feet in
depth (from proposed grade), identifying the SCS series of the soil and the USDA textural class of the

soil horizon through the depth of the log, and noting any evidence of high groundwater level, such as
mottling. Note: This testing is also required on lots or sites where downspout infiltration is being
proposed in soils other than outwash.

4. If site-specific tests indicate less than 3 feet of permeable soil to the seasonal high groundwater
table, then a downspout dispersion system per Section 5.1.2 may be used in lieu of infiltration. If
downspout infiltration is still desired to qualify for flow control sizing credits, the minimum 3-foot
depth to groundwater may be met by using fill material as allowed in the design criteria below.

5. On lots or sites with more than 3 feet of permeable soil to the seasonal high groundwater table,
downspout infiltration is considered feasible and mandatory if the soils are outwash type soils and the
infiltration trench can be designed to meet the minimum design criteria specified below. Voluntary
provision of downspout infiltration must also meet these design criteria in order to be approved as
feasible.

O DESIGN CRITERIA

Figure 5.1.1.A (p. 5-7) shows a typical downspout infiltration system, and Figure 5. l. 1.B (p. 5-8)
presents an alternative infiltration system for sites with coarse sand and cobble soils. These systems shall
be designed as specified below.

AR 031985
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SECTION5.1 ROOFDOWNSPOUTCONTROLS

General

1. Downspout infiltration trenches shall be the following minimum lengths (linear feet) per 1,000
square feet of roof area based on soil type:

Coarse sands and cobbles: 20 LF

Medium sand: 30 LF

Fine sand, loamy sand 75 LF

Sandy loam 125 LF

Loam 190 LF

2. Maximum length of trench shall not exceed 100 feet from the inlet sump.

3. Minimum spacing between trench center lines shall be 6 feet.

4. Filter fabric shall be placed over the drain rock prior to backfilling.

5. Infiltration trenches may be placed in fill material if the fill is placed and compacted under the
supervision of a geoteehnieal engineer, and if the measured infiltration rate is at least 8 inches per
hour. Trench length in fill shall be 60 linear feet per 1,000 square feet of roof area. Infiltration rates
shall be tested using the methods described in Section 5.4.1 (p. 5-53).

6. Inf'tltration trenches are not allowed on slopes steeper than 25% (4:1). A geotechnical analysis and
report may be required on slopes over 15% or if located within 200 feet of the top of steep slope or
landslide hazard area.

7. Trenches may be located under pavement if a small yard drain or catch basin with grate cover is
placed at the end of the trench pipe such that overflow would occur out of the catch basin at an
elevation at least one foot below that of the pavement, and in a location which can accommodate the

overflow without creating a significant adverse impact per Core Requirement #1 (see Section 1.2.1).

Intent: To prevent saturation of the pavement subgrade in the event of system failure.

Setbacks

1. All trenches must be at least 5 feet from any structure, property line, or sensitive area (except steep
slopes).

2. All trenches must be at least 50 feet from any sensitive area steep slope. This setback may be
reduced to 15 feet based on a geotechnical evaluation, but in no instances may it be less than the
buffer width.

3. For sites with septic systems, infiltration trenches must be downgradient of the drainfield. This

requirement may be waived if site topography clearly prohibits subsurface flows from intersecting the
drainfield.

Documentation Requirements

1. The approved plans for single family subdivision projects mustshowinfiltration trenchdetails and
the approximate location and size of each proposed downspout infiltration system and septic system
(if applicable). Alternatively, details of representative lots may be provided to depict approximate
locations of downspout infiltration systems and septic systems (if applicable).

2. If the proposed project is a subdivision, the following note conditioning single family residential
building permits on compliance with the approved infiltration systems shall be recorded with the plat
or short plat:

"Single family residences constructed on lots created by this subdivision must provide downspout
infiltration systems according to the details shown on the approved plans."

9/1/98 1998SurfaceWaterDesignManual
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5. l. l DOWNSPOUT INFILTRATION SYSTEMS

II FIGURE 5.1.1.A TYPICAL DOWNSPOUT INFILTRATION SYSTEM I[
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SECTION 5.1 ROOF DOWNSPOUT CONTROLS

I FIGURE 5.1.1.B II
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5.1.2 DOWNSPOUTDISPERSIONSYSTEMS

5.1.2 DOWNSPOUT DISPERSION SYSTEMS

Downspout dispersion systems are splash blocks or gravel-filled trenches which serve to spreadroof
runoff over vegetated pervious areas. Dispersion attenuates peak flows by slowing entry of the runoff into
the conveyance system, allows forsome infiltration, andprovides some water quality benefits.

Q BASICREQUIREMENTS

1. Downspout dispersion is required on all subdivision single family lots which meet one of the
following criteria:

* Lots greater than or equal to 22,000 square feet where downspout infiltration is not being
provided according to the requirements in Section 5.1.1 (p. 5-5).

• Lots smaller than 22,000 square feet where soils are not suitable for downspout infiltration as
determined in Section 5.1.1, and where the design criteria below can be met.

2. Projects utilizing roof downspout controls as flow control BMPs per Section 5.2 (p. 5-13) are required
to provide downspout dispersion if downspout infiltration is not feasible or applicable as determined
in Section 5.1.1, and if the design criteria below can be met.

1:2 DESIGN CRITERIA

1. Downspout trenches designed as shown in Figure 5.1.2.A, (p. 5-10) shall be used for all downspout
dispersion applications except where splash blocks are allowed below.

2. Splash blocks may be used fordownspouts discharging to a vegetatedflowpath at least 50 feet in
length as measured from the downspout to the downstream propertyline, structure, SAO steep slope,
stream, wetland, or other impervious surface. Sensitive area buffers may count toward towpath
lengths.

3. If the vegetated towpath (measured as defined above) is less than 25 feet on a subdivision single
family lot, a perforatedstub-out connection per Section 5.1.3 (p. 5-11) may be used in lieu of
downspout dispersion. A perforatedstub-out may also be used where implementation of downspout
dispersion might cause erosion or flooding problems, either on site or on adjacent lots. This
provision might be appropriate,for example, for lots constructed on steep hills where downspout
discharge could be cumulative and might pose a potential hazard for lower lying lots, or where
dispersed flows could createproblemsfor adjacentoffsite lots. This provision does not apply to
situations where lots axeflat and onsite downspout dispersal would result in saturatedyards. Note:
For all other types ofprojects, the use of a perforated stub-out in lieu of downspout dispersion shall
be as specified in Section 5.2 (p. 5-]3)for implementation of flow control BMPs.

4. For sites with septic systems, the discharge point of all dispersion systems must be downgradient of
the drainfield. This requirementmay be waived if site topography clearly prohibits flows from
intersecting the drainfield.

5. The approved plans for single family subdivision projects must show dispersion trench details and
which lots they apply. If a facility sizing credit is being claimed, the approximate location of the
house and associated towpaths must be shown for each lot proposed for credit. Alternatively, details
of typical lots may be providedto depict approximate locations of towpaths and septic systems (if
applicable).

6. If the project is a subdivision, the following note conditioning single family residential building
permits on compliance with the approveddispersionsystems shall be recorded with the plat or short
plat:

"Single family residencesconstructed on lots created by this subdivision must provide downspout
dispersion systems according to the details shown on the approved plans."

1998SurfaceWaterDesignManual 911198
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SECTION 5.1 ROOF DOWNSPOUT CONTROLS

[ FIGURE 5.1.2.A TYPICAL DOWNSPOUT DISPERSION TRENCH II
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5.1.3 PERFORATEDSTUB-OUTCONNECTIONS

5.1.3 PERFORATED STUB-OUT CONNECTIONS

A perforated stub-out connection is a length of perforatedpipe within a gravel-filled trench that is placed
between roof downspouts and a stub-outto the local drainage system. Figure 5.1.3.A (p. 5-12) details a
perforatedstub-out connection. These systems are intended to provide some infiltration during drier
months; during the wet winter months, they may provide little or no flow control, and hence no reduction
in a flow control facility is allowed when perforatedstub-outs are used.

In single family subdivision projects subject to Core Requirement #3 (see Section 1.2.3), perforated stub-
out connections are allowed only when downspout infiltration or dispersion is not feasible per the criteria
in Sections 5.1.1 and 5.1.2. For projects proposing to apply roof downspout controls as flow control
BMPs, a perforated stub-out connection is allowed only as specified in Section 5.2 (p. 5-13).

Location of the connection should be selected to allow a maximum amount of runoff to infiltrate into the
ground (ideally a dry location on the site that is relatively well drained). Perforatedstub-outconnections
shall consist of at least 10 feet of perforated pipe laid in a level, 2-foot wide trench backfilled with
washed drainrock. The drainrock shall extend to a depth of at least 8 inches below the bottom of the pipe
and shall cover the pipe. The pipe shall be laid level, and the rock trench shall be covered with filter fabric
and 6 inches of random fill (see Figure 5.1.3.A). Setbacks shall be the same as for infiltration trenches.

The approved plans for single family subdivision projects shall include perforated stub-out details (if
applicable) and details of "typical" lots depicting the approximatelocations of perforated stub-out
connections.

If the project is a subdivision, the following note conditioning single family residential building permits on
compliance with the approved stub-out systems shall be recorded with the plat or short plat:

"Single family residences constructed on lots created by this subdivision must provide perforated stub-
- out connections according to the details shown on the approved plans."

1998SurfaceWaterDesignManual 9/1/98
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SECTION 5.1 ROOFDOWNSPOUT CONTROLS

JJ FIGURE 5.1.3.A PERFORATED STUB-OUT CONNECTION I _
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

5.2 FLOW CONTROL BMPs

Flow control Best Management Practices (BMPs) are simple methods and designs for infiltrating,
dispersing, and reducing increased runoff from development sites. This section presents the design criteria
and requirements for use of flow control BMPs in lieu of, or to reduce the required size of, a formal flow
control facility. The BMPs applied in this section include the following:

• Roof downspout controls, as described in Section 5.1

• Roof and driveway dispersion BMPs, as described in the Small Site Drainage Requirements booklet
adopted as Appendix C to this manual

• Native growth open space, as describedin the Small Site Drainage Requirements booklet

• Forested open space, as described on page 5-14

• Roadway dispersion BMPs, as described on page 5-15.

• Modular Grid Pavement, as describedon page 5-17.

The information presented in this section is organized as follows:

• Section 5.2.1, "BMPs in Lieu of Facilities," describes how flow control BMPs are to be applied to
specific project types in orderto qualify for facility Exemptions 2, 3, 4, and 5 in Section 1.2.3.

• Section 5.2.2, "BMPs for Reducing Facility Size" (p. 5-17), describes how flow control BMPs can be
used to reduce the size of a requiredflow control facility.

5.2.1 BMPs IN LIEU OF FACILITIES

In Core Requirement #3 (see Section 1.2.3), there areseveral exemptions from the requirement to provide
a formal flow control facility which are contingent on the applicability of flow control BMPs as detailed
in this section. The intentof these exemptions is to provide for situationswhere a facility may not be
practical or needed, where other alternatives to a facility can be just as effective, or where it makes sense
to provide incentives for retaining native vegetation or for maximizing use of existing developed areas.

The facility exemptions requiringBMPs areas follows:

• Exemption 2, "Impervious Surface Exemption Using Flow Control BMPs." Flow control BMPs
must be provided as described below in orderfor a project to qualify for this exemption.

• Exemption 3, "Peak Flow Exemption Using Flow Control BMPs." Flow control BMPs as

described below must be provided to the extent feasible in orderfor a threshold discharge area within
the project to qualify for this exemption.

• Exemption 4, "Peak Flow Exemption for Urban Redevelopment Projects." Flow control BMPs
as described below must be provided to the extent feasible in order for a naturaldischarge areawithin
a redevelopment project to qualify for this exemption.

• Exemption 5, "Forested Open Space Exemption for Rural Residential Projects." Flow control
BMPs meeting the criteria specified below must be provided in orderfor a natural discharge area
within a ruralresidential project (zoned RA-2.5, RA-5, RA-10, or RA-20) to qualify for this
exemption.

• Exemption 7, "Peak Flow Exemption for Urban Residential Infill Projects." Flow control BMPs
asdescribed below must be provided to the extent feasible in order for the project to qualify for this
exemption.

Because the above exemptions include various project-specific incentives and protection goals, the flow
control BMPs required to qualify for them are applied by project type. The three types of projects

1998SurfaceWaterDesignManual 9/1/98
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SECTION5.2 FLOW CONTROL BMPS

presented in this section include (1) commercial and redevelopment projects, (2) single family residential
projects, and (3) rural residential projects.

El COMMERCIAL AND REDEVELOPMENT PROJECTS -

Commercial or redevelopment projects utilizing Exemptions 2, 3, or 4 must infiltrate the runoff from new

roof areas if feasible according to the requirements in Section 5.1.1. If downspout infiltration is not

feasible, then the runoff from roofs shallbe dispersed using dispersion trenches with vegetated flowpath
lengths of at least 25 feet as detailed in Section 5.1.2. If this dispersion requirement can not be met, then a

perforated stub-out connection as detailed in Section 5.1.3 may be used only if the project is a

redevelopment project; all other projects with new roof areas would not qualify for these exemptions.

For redevelopment projects utilizing Exemptions 3 or 4, infiltration or dispersion of runoff from parking
lots and roads is usually not possible or effective due to lack of space and vegetation. Therefore,
infiltration or dispersion of runoff from these areas is not strictly required. However, if these areas are

subject to Core Requirement #8, "Water Quality," the runoff generated from them shall be treated using
water quality facilities that provide some opportunity for infiltration or dispersion prior to discharge from
the project site (e.g.,biofiltration swalesor filter strips).

O SINGLE FAMILY RESIDENTIAL PROJECTS

Single family residential projects in Full Drainage Review qualifying for Exemptions 2, 3, and 7 must

comply with the flow control BMPs detailed in the Small Site Drainage Requirements booklet adopted as
Appendix C to this manual. These include roof downspout control and driveway dispersion BMPs, and
native growth open space designations to limit onsite clearing.

E! RURAL RESIDENTIAL PROJECTS

Rural residential projects (i.e., projects located on propertieszoned RA-2.5, RA-5, RA-10, or RA-20) may

qualify for Exemption 5 through designation of 65% of any natural drainage area (excluding areas -
submerged by streams, lakes, and wetlands) as forested 1 open space. To qualify for Exemption 5, a
proposed project must comply with the open space requirements described below, and the runoff from new

impervious surfaces must be dispersed according to the requirements for "Roof Downspout Dispersion" and
"Roadway Dispersion BMPs" specified on page 5-15.

Forested Open Space

The following criteria and conditions apply to forested open space designated to qualify for Exemption 5:

1. The forested open space must be placed in a separate tract or protected through recorded

easements on individual lots. Open space on individual lots can be established through conservation
easements, with tax benefits available through the Public Benefit Rating System 2 program.

2. Whether set aside in tracts or established as easements on individual lots, the forested open space must
be shown on drainage plans and shown and described in recorded documents (including the final
recording plan for plats and binding site plans) as "a forested native vegetation retention area
established for purposes of dispersing and treating stormwater flows."

3. The principle restriction on open space areas is removal of vegetation and trees. Since flow

control and water quality in these rural developments is provided largely by flow dispersion through

duff, undisturbed soils and native vegetation, open space areas must be located downslope of
roadways and building sites.

Projectsiteswhichcontainareasthatarenaturallynon-forested(e.g.,meadows)mayincludetheseareasintheopenSpace
tractprovidedthe percentageof non-forestedareawithinthetractisnotgreaterthanforthe entireprojectsite.

2 ThePublicBenefitRatingSystemprovidestaxcreditforpropertieswhichpreserve4 acresormoreofcontiguousopenspace
inruralareas.Additionalcreditsare grantedundertheforestedopenspacecategory,provideda ForestManagementPlanis
developedwhich,forthe purposeof theserequirements,shallmaintaintheopenspaceina fullyforestedcondition.

9/1/98 1998 Surface Water Design Manual
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5.2.1 BMPSINLIEUOFFACILITIES

4. The open space may include onsite SAO sensitive areas and should be contiguous with sensitive
areas, as feasible. However, only the unsubmergedportion 3of these sensitive areas may be counted
towards meeting minimum open space requirements. For sensitive areasdesignated under KCC Title
21A, allowable uses shall be limited to those specified in KCC 21A.24 which arealso consistent with
Item 7 below.

5. All trees within the forested open space at the time of permit application shall be retained, aside
from approved timber harvest activities and the removal of dangerous or diseased trees. If the site is
located within an area of mandatory clearing limits and has been illegally cleared, a restoration plan
may be required. Additionally, projects may choose to develop a long-term Forest Management Plan
which may qualify for additional tax relief under the Public Benefit Rating System, described below.
The Forest Management Plan should require reforestation of any open space areas which had been
previously cleared.

6. The forested open space shall be shown on all property maps, shall be clearly marked during
cleating and constructionon the site, and shall be permanently markedwith at least one sign per
buildable lot adjoining the tract indicating that the tract is dedicated as permanentforested open space.

7. The forested open space may be used for passive recreation and related facilities, including
pedestrian and bicycle trails, natureviewing areas, fishing and camping areas, and other similar
activities that do not require permanent structures, provided that cleared areas and areas of compacted
soil associated with these areas and facilities do not exceed eight percent of the area of the open space
tract.

8. The forested open space may contain utilities and utility easements, including flow control BMPs.

Roof Downspout Dispersion

Rural residential projects setting aside open space pursuant to Exemption 5 in Section 1.2.3 must provide
roof downspout dispersion as described in the Small Site Drainage Requirements booklet adopted as
Appendix C to this manual. For rural subdivisions, a note conditioning single family residential building
permits on compliance with small site requirements shall be recorded with the plat or short plat. The note
shall also stipulate that proposed single family residences within a plat or short plat must submit for Small
Site Drainage Review at the time of building permit application to document compliance.

RoadwayDispersionBMPs

Roads and driveways in rural residential projects setting aside open space areas per Exemption 5, must
meet the following dispersion requirements:

1. Roadway runoff dispersion is allowed only on rural neighborhood collectors and local access
streets in accordance with the King County Road Standards. To the extent feasible, driveways should
be dispersed to the same standards as roadways to ensure adequate water quality protection of
downstream resources. Note: Driveway dispersion through lawn areas (as allowed under Small Site
Drainage Review) generally does not provide adequate water quality treatment due to the wash off of
fertilizers, pesticides, and other common contaminants.

2. The road section shall be designed to minimize collection and concentration of roadway runoff.
Sheet flow over roadway fill slopes (i.e., where roadway subgrade is above adjacent right-of-way) '
should be used wherever possible to avoid concentration.

3. When it is necessary to collect and concentrate runoff from the roadway and adjacent upstream areas
(e.g., in a ditch on a cut slope), concentrated flows shall be incrementally discharged from the ditch
via cross culverts or at the ends of cut sections. These incremental discharges of newly concentrated
flows shall not exceed 0.5 cfs at any one discharge point from a ditch for the 100-year runoff
event. Where flows at a particular ditch discharge point were already concentrated under existing site

3 Unsubrnergedpor_onmeanstheportionoutsidetheordinaryhighwaterlineofstreams,lakes,andwetlands.
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SECTION5.2 FLOWCONTROLBMPS

conditions (e.g., in a natural channel that crosses the roadway alignment), the 0.5 cfs limit would be in
addition to the existing concentrated peak flows.

4. Ditch discharge points with up to 0.2 cfs discharge for the peak 100-year flow shall use rock pads or
dispersion trenches to disperse flows. Ditch discharge points with between 0.2 and 0.5 cfs discharge --
for the 100-year peak flow shall use only dispersion trenches to disperse flows.

5. Dispersion trenches shall be designed to accept surface flows (free discharge) from a pipe, culvert, or
ditch end, shall be aligned perpendicular to the flowpath, and shall be minimum 2 feet by 2 feet in
section, 50 feet in length, filled with 1_/2"- 3/4"washed rock, and provided with a level notched grade
board per Figure 4.2.2.C. Manifolds may be used to split flows up to 2 cfs discharge for the 100-year
peak flow between up to 4 trenches. Dispersion trenches shall have a minimum spacing of 50 feet.

6. After being dispersed with rock pads or trenches, flows from ditch discharge points must traverse a

minimum of 100 feet of undisturbed native vegetation before leaving the project site, or entering an
existing onsite channel carrying existing concentrated flows across the road alignment. Note: In order
to provide the lO0-foot flowpath length to an existing channel, some roadway runoff may unavoidably
enter the channel undispersed. Also note that water quality treatment may be waived for roadway
runoff dispersed through 1O0feet of undisturbed native vegetation (see Exemption 3, Section 1.2.8).

7. FIowpaths from adjacent discharge points must not intersect within the 100-foot flowpath
lengths, and dispersed flow from a discharge point must not be intercepted by another discharge
point. To enhance the flow control and water quality effects of dispersion, the flowpath shall not
exceed 15%slope, and shall be located within designated open space. Note: Runoffmay be conveyed
to an area meeting these flowpath criteria.

8. Ditch discharge points shall be located a minimum of 100 feet upgradient of SAO steep slopes,
wetlands, and Streams.

9. Where DDES determines there is a potential for significant adverse impacts downstream (e.g.,
erosive steep slopes or existing downstream drainageproblems), dispersion of roadway runoff may
not be allowed, or other measures may be required.

AR 031996 ......

9/1/98 1998SurfaceWaterDesignManual
5-16



5.2.2 BMPSFORREDUCINGFACILITYSIZE

5.2.2 BMPs FOR REDUCING FACILITY SIZE

The flow control BMPs presented in this section may be used to reduce the size of required flow control
facilities if implemented as described below.

Roof Downspout Infiltration and Dispersion

1. If roof runoff is infiltrated according to the requirements of Section 5.1.1 (p. 5-5), the roof area may
be discounted from the net impervious area used for sizing the required flow control facility.

2. If roof runoff is dispersed according to the requirements of Section 5.1.2 (p. 5-9) on single family lots
greater than or equal to 22,000 square feet, and the vegetatedflowpath 4 of the roof runoff is 50 feet or

longer, the roof area may be modeled as grassed surface rather than impervious surface when
sizing the required flow control facility.

Open Space Designation

The "Land Cover Assumptions" in Core Requirement #3 (see Section 1.2.3.2) require that flow control

facilities be sized assuming the entire site will be cleared unless uncleared areas are protected by an open
space tract or covenant. If uncleared areas are proposed to be designated as open space in order to reduce

facility size, the native growth open space provisions described in the Small Site Drainage Requirements
booklet (see detached Appendix C) may be used.

Modular Grid Pavement

Modular grid pavement may be used for low traffic driveways, overflow parking areas, maintenance
access roads, etc., to reduce the size of required detention facilities as well as infiltration facilities. Where

modular grid pavement zs used, the area it covers may be considered a grassed pervious surface rather
than an impervious surface when the site is modeled. Modular grid pavement consists of a lattice of

concrete, plastic, or other load bearing material over a permeable base course such as gravel or sand. The
actual pavement design should be prepared by the design engineer, but a minimum of 6 inches of

permeable base should be placed under the pavement. Grass may be grown in the interstices of the grid.

Modular grid pavement may be used off right-of-way in low-traffic or infrequently used areas such as
residential driveways. Provisions for the removal of oil and grease contaminated soils should be included
in the maintenance plan for modular grid pavements. The finished grade of the soil surface within the

pavers should be about 0.75 inch below the top of the pavers. Smooth surfaced walkways may be run
across modular grid pavements, but impervious surfaced walkways should not exceed 10 percent of the
total paved surface.

4 Vegetatedflowpathismeasuredfromthedownspoutordispersionsystemdischargepointtothedownstreampropertyline,
structure,SAOsteepslope,stream,wetland,orotherimpervioussurface.
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- 5.3 DETENTION FACILITIES

This section presents the methods, criteria, and details for design and analysis of detention facilities.
These facilities provide for the temporary storage of increased surface water runoff resulting from
development pursuant to the performance standards set forth in Core Requirement #3, "Flow Control" (see
Section 1.2.3).

There are three primary types of detention facilities described in this section: detention ponds, tanks, and
vaults. The information presented in this section is organized as follows:

Section 5.3.1, "Detention Ponds"

"Design Criteria," Section 5.3.1.1 (p. 5-19)

"Methods of Analysis," Section 5.3.1.2 (p. 5-32)

Section 5.3.2, "Detention Tanks"

"Design Criteria," Section 5.3.2.1 (p. 5-33)

"Methods of Analysis," Section 5.3.2.2 (p. 5-34)

Section 5.3.3, "Detention Vaults"

"Design Criteria," Section 5.3.3.1 (p. 5-37)

"Methods of Analysis," Section 5.3.3.2 (p. 5-38)

Section 5.3.4, "Control Structures"

"Design Criteria," Section 5.3.4.1 (p. 5-40)

.... Methods of Analysis," Section 5.3.4.2 (p. 5-45)

Section 5.3.5, "Other Detention Options"

5.3.1 DETENTION PONDS

Open ponds are the most desirable detention facilities for controlling runoff from developed areas. The
design criteria in Section 5.3.1.1 are for detention ponds. However, many of the criteria also apply to
infiltration ponds (Section 5.4.2), and water quality wetponds and combined detention/wetponds
(Section 6.4).

DamSafety Compliance

Detention ponds and other open impoundment facilities must comply with requirements for dam safety
(WAC 173-175). Under current regulations (as of September 1998), if the impoundment has a storage
capacity (including both water and sediment storage volumes) greater than 10 acre-feet above natural
ground level and a dam height of more than 6 feet, then dam safety design and review are required by the
Washington State Department of Ecology (WDOE). If the storage capacity is less than 10 acre-feet above
natural ground level, then the facility is exempt from WDOE review. If the dam height is less than 6 feet
but capacity is greater than 10 acre-feet, then WDOE reviews on a case-by-case-basis to determine the
hazard potential downstream in the event of a failure.

5.3.1.1 DESIGN CRITERIA

Standard details for detention ponds are shown in Figure 5.3.1.A (p. 5-28) through Figure 5.3.1 .D
(p. 5-31). Control structure details are shown in Section 5.3.4 beginning on page 5-42.
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SEC_ON 5.3 DETENTIONFACILITIES

General

1. Ponds must be designed as flow-through systems (however, parking lot storage may be utilized --
through a back-up system; see Section 5.3.5, p. 5-51). Developed flows must enter through a
conveyance system separate from the control structure and outflow conveyance system. Maximizing
distance between the inlet and outlet is encouraged to promote sedimentation.

2. Pond bottoms shall be level and be located a minimum of 0.5 feet below the inlet and outlet to
provide sediment storage.

3. Outflow control structures shall be designed as specified in Section 5.3.4 (p. 5-40).

4. A geoteehnieai analysis and report may be required on slopes over 15%, or if located within 200 feet
of the top of a steep slope or landslide haT-ardarea.

Side Slopes

1. For facilities to be maintainedby King County,interior side slopesupto theemergencyoverflow
water surface shall be no steeper than 3H: 1V unless a fence is provided (see "Fencing," p. 5-22). See
Section 6.4.4 for side slope requirements for internal berms in combined ponds and wetponds.

2. Exterior side slopes shall be no steeper than 2H: 1V unless analyzed for stability by a geotechnical
engineer.

3. Pond walls may be vertical retaining walls, provided: (a) they are constructed of reinforced concrete
per Section 5.3.3 (p. 5-37); (b) a fence is provided along the top of the wall; (c) at least 25% of the
pond perimeter will be a vegetated soil slope not steeper than 3H: 1V; and (d) the design is stamped by
a licensed structural civil engineer.

4. For privately owned and maintained facilities, the entire pond perimeter may be retaining walls, and
building foundations may serve as one or more of the pond walls.

Embankments

1. Pond berm embankments higher than 6 feet shall require design by a geotechnical engineer.

2. For berm embankments 6 feet or less, the minimum top width shall be 6 feet, or as recommended by
a geotechnical engineer.

3. Pond berm embankments must be constructed on native consolidated soil (or adequately compacted
and stable fill soils analyzed by a geotechnical engineer) free of loose surface soil materials, roots, and
other organic debris.

4. Pond bermembankments greater than 4 feet in height must be constructed by excavating a key
equal to 50% of the berm embankment cross-sectional height and width. This requirementmay be
waived if specifically recommended by a geotechnical engineer.

5. The berm embankment shall be constructed of compacted soil (95% minimum drydensity, modified
proctor method per ASTM D1557), placed in 6-inch lifts, with the following soil characteristics per
the United States Department of Agriculture'sTextural Triangle: a minimum of 20% silt and clay, a
maximum of 60% sand, a maximum of 60% silt, with nominal gravel and cobble content. Note: In
general, excavated glacial till is well suited for berm embankment material.

6. Anti-seepage collars must be placed on outflow pipes in bermembankments impounding water
greater than 8 feet in depth at the design water surface.

AR 031999
Overflow

1. In all ponds, tanks, and vaults, a primary overflow (usually a riser pipe within the control structure;
see Section 5.3.4.2, p. 5-45) must be provided to bypass the 100-year developed peak flow over or
around the restrictorsystem. This assumes the facility will be full due to plugged orifices or high ......
inflows; the primary overflow is intended to protect against breaching of a pond embankment (or
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5.3.I DETENTIONPONDS --DESIGNCRITERIA

overflowsoftheupstreamconveyancesystem,inthecaseofadetentiontankorvault).The design
must provide controlled discharge directly into the downstream conveyance system or another
acceptable discharge point.

2. A secondary inlet to the control structure must be provided in ponds as additional protection against
overtopping should the inlet pipe to the control structure become plugged. A grated opening
Cjailhouse window") in the control structure manhole functions as a weir (see Figure 5.3.1.B, p. 5-29)
when used as a secondary inlet. Note: The maximum circumferential length of this opening shall not
exceed one-half the control structure circumference. The "birdcage" overflow structure as shown in
Figure 5.3.1.C (p. 5-30) may also be used as a secondary inlet.

EmergencyOverflowSpillway

1. In addition to the above overflow requirements, ponds must have an emergency overflow spillway
sized to pass the 100-year developed peak flow in the event of total control structure failure (e.g.,
blockage of the control structure outlet pipe) or extreme inflows. Emergency overflow spillways are
intended to control the location of pond overtopping and direct overflows back into the downstream
conveyance system or other acceptable discharge point.

2. Emergency overflow spillways must be provided for ponds with constructed berms over 2 feet in
height, or for ponds located on grades in excess of 5%. As an option for ponds with berms less
than 2 feet in height and located at grades less than 5%, emergency overflow may be provided by an
emergency overflow structure, such as a Type 1I manhole fitted with a birdcage as shown in
Figure 5.3.1.C (p. 5-30). The emergency overflow structuremust be designed to pass the 100-year
developed peak flow, with a minimum 6 inches of freeboard, directly to the downstreamconveyance
system or another acceptable discharge point. Where an emergency overflow spillway would
discharge to a steep slope, consideration should be given to providing an emergency overflow
structurein addition to the spillway.

3. The emergency overflow spillway shall be armored with riprap in conformance with Table 4.2.2.A.
The spillway shall be armoredfull width, beginning at a point midway across the berm embankment
and extending downstream to where emergency overflows re-enterthe conveyance system (see
Figure 5.3.1.B, p. 5-29).

4. Design of emergency overflow spillways requires the analysis of a broad-crested trapezoidal weir as
described in Section 5.3.1.2 (p. 5-32). Either one of the weir sections shown in Figure 5.3.1.B
(p. 5-29) may be used.

Access Requirements

l. Maintenance access road(s) shall be provided to the control structure and other drainage structures
associated with the pond (e.g., inlet or bypass structures). Manhole and catch basin lids must be in or

at the edge of the access road and at least three feet from a property line.

2. An access ramp is required for removal of sediment with a trackhoe and truck. The ramp must
extend to the pond bottom if the pond bottom is greater than 1500 square feet (measured without the
ramp) and it may end at an elevation 4 feet above the pond bottom, if the pond bottom is less than
1,500 square feet (measured without the ramp).

Intent: On large, deep ponds, truck access to the pond bottom via an access ramp is necessary so
loading can be done in the pond bottom. On small deep ponds, the truck can remain on the ramp for
loading. On small shallow ponds, a ramp to the bottom may not be required if the trackhoe can load a
truck parked at the pond edge or on the internal berm of a wetpond or combined pond (trackhoes can
negotiate interior pond side slopes).

3. The internal berm of a wetpond or combined detention and wetpond may be used for access if it is
no more than 4 feet above the first wetpool cell, if the first wetpool cell is less than 1500 square feet
(measured without the ramp), and if it is designed to support a loaded truck, considering the berm is
normally submerged and saturated.
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SECTION5.3 DETENTIONFACILITIES

4. Accessrampsshallmeettherequirementsfordesignandconstructionofaccessroadsspecified
below.

5. Allcontrolstructuresshallhaveround,solidlockinglidswith5/8-inchdiameteralienheadcapscrews
(seeKCRS DrawingNo.2-022and2-023).

6. Accessshallbelimitedbyadouble-postedgateifafenceisrequired,orbybollards--thatis,two
fixedbollardsoneachsideoftheaccessroadandtworemovablebollardsequallylocatedbetweenthe
fixedbollards.

Design of Access Roads

Access roads shall meet the following design criteria:

1. Maximum grade shall be 15%.

2. Outside turning radius shall be 40 feet, minimum.

3. Fence gates shall be located only on straight sections of road.

4. Access roads shall be 15 feet in width on curves and 12 feet on straight sections.

5. A paved apron shall be provided where access roads connect to paved public roadways. The apron
shall be consistent with driveway details in KCRS.

Construction of Access Roads

Access roads shall be constructed with an asphalt or gravel surface, or modular grid pavement. Asphalt
surfaces must conform to King County standards for residential minor access streets. Gravel surfaces must
meet the King County Road Standards (KCRS) for crashed surfacing base course. Modular grid pavement
shall meet manufacturer's specifi.;,,tions.

Fencing .J

1. A fence is required at the emergency overflow water surface elevation, or higher, where a pond
interior side slope is steeper than 3H:IV, or where the impoundment is a wall greater than 24 inches
in height. The fence need only be constructed for those slopes steeper than 3H: 1V.

Intent: To discourage access to portions of a pond where steep side slopes (steeper than 3:1) increase
the potential for slipping into the pond, and to guide those who have fallen into a pond to side slopes
that are flat enough (flatter than 3:1 and unfenced) to allow for easy escape.

2. For privately owned and maintained facilities, fences are recommended, but not required, for slopes
steeper than 3:1. Note, however, that other regulations such as the Uniform Building Code may
require fencing of vertical walls. Fence material and construction specifications outlined below do not
apply to private facilities.

3. Fences shall be 6 feet in height. For example designs, see WSDOT Standard Plan L-2, Type 1 or
Type 3 chain link fence.

Exception: The fence may be a minimum of 4 feet in height if the depth of the impoundment
(measured from the lowest elevation in the bottom of the impoundment, directly adjacent to the
bottom of the fenced slope, up to the emergency overflow water surface) is 5 feet or less. For example
designs, see WSDOT Standard Plan L-2, Type 4 or Type 6 chain link fence.

4. Access road gates shall be 16 feet in width consisting of two swinging sections 8 feet in width.
Additional vehicular access gates may be required as needed to facilitate maintenance access.

5. Pedestrian access gates (if needed) shall be 4 feet in width.

6. For fences to be maintained by the County, fence material shall be vertical metal balusters or 9 gauge
galvanized steel fabric with bonded vinyl coating. For steel fabric fences, the following apply: ---_
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5.3.1 DETENTIONPONDS-- OF.StGlVCRrrV.RIA

a) Vinyl coating shall be compatible with the surrounding environment (e.g., green in open, grassy
_ areas and black or brown in wooded areas). All posts, cross bars, and gates shall be painted or

coated the same color as the vinyl clad fence fabric.

b) Fence posts and rails shall conform to WSDOT Standard Plan L-2 for Types I, 3, or 4 chain link
fence.

7. For metal baluster fences, Uniform Building Code standards shall apply.

8. Wood fences are allowed in subdivisions where the fence will be maintained by homeowners
associations or adjacent lot owners. Fence maintenance requirements shall be a condition of
subdivision approval, and a statement detailing maintenance responsibilities and requirements must be
recorded with the plat.

9. Wood fences shall have pressure treated posts (ground contact rated) either set in 24-inch deep
concrete footings or attached to footings by galvanized brackets. Rails and fence boards shall be
cedar or pressure-treated fir or hemlock.

10. Where only short stretches of the pond perimeter (< 10%) have side slopes steeper than 3:1, split
rail fences (3-foot minimum height) or densely planted thomed hedges (e.g., barberry, holly, etc.) may
be used in place of a standard fence.

Signage

Detention ponds, infiltration ponds, wetponds, and combined ponds to be maintained by King County
shall have a sign placed for maximum visibility from adjacent streets, sidewalks, and paths. The sign shall
meet the design and installation requirements illustrated in Figure 5.3.1.D (p. 5-31).

Right-of-Way

1. Open detention ponds shall not be located in dedicated public road right-of-way.

2. Detention ponds to be maintained by King County shall be in a tract dedicated to King County (see
Section 1.2.6). Any tract not abutting public right-of-way will require a 15-foot wide extension of the
tract to an acceptable access location.

Setbacks

1. A setback of 5 feet from the toe of the exterior slope to the tract or property line is required for
County-maintained ponds and recommended for privately maintained ponds.

2. The tract or property line on a detention pond cut slope shall be setback 5 feet from the emergency
overflow water surface.

3. The detention pond water surface at the pond outlet invertelevation shall be setback 100 feet from
proposed or existing septic system drainfields. This setback may be reduced with written approval
of the Seattle-King County Department of Public Health.

Seeps and Springs

Intermittent seeps along cut slopes are typically fed by a shallow groundwater source (interflow) flowing
along a relatively impermeable soil stratum. These flows are storm driven and should discontinue after a

few weeks of dry weather. The KCRTS model accounts for this shallow groundwater component, and no
special provisions are needed when directing these flows through the flow control facility. However, more
continuous seeps and springs, which extend through longer dry periods, are likely from a deeper
groundwater source. When continuous flows are intercepted and directed through flow control facilities,
adjustments to the approved facility design may be required to account for the additional base flow (unless
already considered in design). If uncertain at the time of construction, the situation may be monitored
while the facility is under maintenance and defect financial guarantee. Adjustments to the facility may be
required prior to the release of the financial guarantee.
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Planting Requirements

Exposed earth on the pond bottom and interior side slopes shall be sodded or seeded with an appropriate
seed mixture. All remaining areasof the tract must either be planted with grass or be landscaped and
mulched with a 4-inch cover of hog fuel or shredded wood mulch:

Landscaping

Landscaping is encouraged, but not required, for most stormwatertract areas (see below for areas not to be
landscaped). However, if provided, landscaping must adhere to the criteria which follow so as not to
hinder maintenance operations. Landscapedstormwater tracts may, in some instances, be used to satisfy
requirements for recreationalspace. In other instances, "naturalistc" stormwater facilities may be placed in
open space tracts. For more information,sea page 5-26.

If landscaping is proposed, the following requirements shall apply:

1. No trees or shrubs may be planted within 10 feet of inlet or outlet pipes or manmade drainage
structures such as spillways or flow spreaders.Species with roots that seek water, such as willow or
poplar, should be avoided within 50 feet of pipes or manmade structures.

2. Planting is restricted on berms that impound water either permanently or temporarily during
storms. Note: This restriction does not apply to cut slopes that form pond banks, only to berras.

a) Trees or shrubsmay not be planted on portions of water-impounding berms taller than four feet
high. Only grasses may be planted on berms taller than four feet.

Intent: Grasses allow unobstructedvisibility of berm slopes for detecting potential dam safety
problems such as animal burrows, slumping, or fracturesin the berm.

b) Trees planted on portions of water-impoundingberms less than 4 feet high must be small, not
higher than 20 feet mature height, and have a fibrous root system. Table 5.3.1.A gives some
examples of trees with these characteristics.

Intent: These trees reduce the likelihood of blow-down trees, or the possibility of channeling or
piping of water through the root system, which may contribute to dam failure on berms thatretain
water.

Note: The internal berm in a werpond is not subject to this planting restriction since the failure of an
internal berm would be unlikely to create a safety problem.

3. All landscape material, including grass, must be planted in good topsoil. Native underlying soils
may be made suitable for planting if amended with 4 inches of well-rotted compost tilled into the
subgrade. Compost used should meat Ecology publication 94-38 specifications for Grade A compost
quality.

4. Soil in which trees or shrubs arcplanted may require additional enrichment or additional compost
top-dressing. Consult a nurseryman,landscape professional, or arborist for site-specific
recommendations.

5. For a naturalistic effect as well as ease of maintenance, trees or shrubs must be planted in clumps to
form "landscape islands" rather than evenly spaced.

6. The landscaped islands must be a minimum of six feet apart,and if set back from fences or other
barriers, the setback distance must also be a minimum of six feet. Where tree foliage extends low to
the ground, the six feet of setback should be counted from the outer drip line of the trees (estimated at
maturity).

Intent: This setback allows a 6-foot wide mower to pass around and between clumps.

s Shreddedwoodmulchis madefromshreddedtreetrimmings,usuallyfromtreesclearedonsite.Itmustbefreeofgarbage
andweedsandmaynotcontainexcessiveresin,tannin,orothermaterialdetrimentaltoplantgrowth.
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5.3.1 DETENTIONPONDS-- DESIGNCRITERIA

7. Evergreen trees and trees which produce relatively little leaf-fall (such as Oregon ash, mimosa, or
locust) are preferred in areas draining to the pond.

8. Trees should be set back so that branches do not extend over the pond (to prevent leaf-drop into the
water).

9. Drought tolerant species are recommended.

TABLE5.3.1.A SMALL TREES AND SHRUBS WITH FIBROUS ROOTS

Small Trees / High Shrubs Low Shrubs

*Red twigdogwood(Comus stolonifera) *Snowberry(Symphoricarpusa/bus)

*Serviceberry(Ame/anchiera/nifo/ia) *Salmonberry(Rubusspectabi/is)

Strawberrytree (Arbutusunedo) Rosa rugosa(avoidspreadingvarieties)

Highbushcranberry(Vacciniurnopu/us) Rockrose(Cistusspp.)

Blueberry(Vacciniumspp.) Ceanothusspp.(choosehardiervarieties)

*Filbert(Cory/uscomuta,others) NewZealandflax(Phormiumpenax)
Fruittreesondwarfrootstock

Rhododendron(nativeandomamental Ornamentalgrasses(e.g.,Miscanthis,
varieties) Pennisetum)

* Native species

Guidelines for Naturalistic Planting

Stormwater facilities may sometimes be located within open space tracts if "natural appearing" (see page
5-26 for details). Two generic kinds of naturalistic planting are outlined below, but other options are also
possible. A booklet discussing stormwater ponds and landscaping possibilities is available at the Water
and Land ResourcesDivision; when completed, it should be consulted for additional ideas. Native
vegetation is preferred in naturalistic plantings.

Note: These landscaping criteria must befollowed unless a landscape professional judges that long-term
quality of the open space would be improved by deviating from the criteria, AND that if thefacility is
maintained by the County, maintenance would not be made more difficult by the deviations.

Open Woodland

In addition to the general landscaping criteria above, the following requirements must be met:

1. Landscaped islands (when mature) should cover a minimum of 30% or more of the tract,
exclusive of the pond area.

2. Tree clumps should be underplanted with shade-tolerant shrubs and groundcover plants. The goal
is to provide a dense understory that need not be weeded or mowed.

3. Landscaped islands should be placed at several elevations rather than "ring" the pond, and the size
of clumps should vary from small to large to create variety.

4. Not all islands need have trees. Shrub or groundcover clumps are acceptable, but lack of shade
should be considered in selecting vegetation.

Note: Landscaped islands are best combined with the use of hog fuel or shredded wood mulch for
erosion control (only for slopes above the flow control water surface). It is often difficult to sustain a
low-maintenance understory if the site was previously hydroseeded.
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Northwest Savannah or Meadow

In addition to the general landscape criteriaabove, the following requirements must be met:

1. Landscape islands (when mature) should cover 10% or more of the site, exclusive of the pond __
area.

2. Planting groundcovers and understory shrubs is encouraged to eliminate the need for mowing
under the trees when they are young.

3. Landscape islands should be placed at several elevations rather than "ring" the pond.

4. The remaining site area should be planted with an appropriate grass seed mix which may include
northwest meadow or wildflower species. Native or dwarf grass mixes are preferred. Table 5.3.1.B
below gives one acceptable dwarf grass mix. Grass seed should be applied at 2.5 to 3 pounds per
1000 square feet. Note: Amended soil or good topsoil is required for all plantings.

5. Creation of areas of emergent vegetation in shallow areas of the pond is recommended. Native

wetland plants, such as sedges (Carex sp.), bulrush (Scirpus sp.), water plantain (Alisma sp.), and
burreed (Sparganium sp.) are recommended. If the pond does not hold standing water, a clump of
wet-tolerant, non-invasive shrubs, such as salmonberry or snowberry, is recommended below the
detention design water surface.

Note: This landscape style is best combined with the use of grass or sod for site stabilization and
erosion control.

TABLE 5-3il.B I STOR_ATER_CT "LOW'GROW" SEED MIX

Seed Name Percentage of Mix

Dwarf tall fescue 40%

Dwarf perennialrye"Barclay"* 30% --_

Red rescue 25%

Colonialbentgrass 5%

• Ifwildflowersare usedandsowingisdonebeforeLaborDay, theamountof
dwarf perennialryecanbe reducedproportionatelyto theamountofwildflower
seedused.

Detention Ponds in Recreational Tracts

Projects required to provide onsite recreational space per KCC 21A. 14.180 may combine the detention

pond tract with the recreation space tract to receive a 50% reduction in required onsite recreational space.
To receive the 50% credit, the following criteria must be met as required by KCC 21A.14.180.D:

1. The proposed stormwater tract must be dedicated or reserved as a part of a recreational space tract.

2. The stormwater pond must be constructed to meet the following requirements:

a) Side slopes shall not exceed 33 percent unless they are existing, natural, and covered with
vegetation.

b) A bypass system or an emergency overflow pathway shall be designed to handle flow exceeding
the facility design and located so that it does not pass through active recreation areas or present a
safety hazard.

c) The stormwater pond shall be landscaped in a manner to enhance passive recreational
opportunities such as trails and aesthetic viewing, v
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d) The stormwater pond shall be designed so that it does not require fencing per the fencing
requirements on page 5-22.

3. Where a tract is jointly used for recreational space and King County maintained drainage facilities, the
County is only responsible for maintenance of the drainage facilities, and an access easement shall be
provided for that purpose.

Detention Ponds in Open Space

Open space areas reserved through the four-to-one program may be used to site "natural appearing"
stormwater facilities if they are found to be compatible with the site open space value and functions, and if
they are located on a "small portion of the open space" (Amended policy 1-204, King County
Comprehensive Plan). Conscientious application of the "Guidelines for Naturalistic Plantings" (p. 5-25)
typically will produce natural-appearing stormwater facilities. A site-specific assessment is needed,
however, to determine whether the stormwater tract would be compatible with the open space value and
functions.
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SECTION 5.3 DETENTIONFACILITIF.S
ii

access ramp _ tract lines as required
into pond , slope

see Section 5.3.1.1

for specifications

pond inlet
Y

t

Y
6" sediment ',

storage

V

pond design
water surface

,,

t -- altemate emergency outflow"¢" level structurefor ponds not required

L bottom to provide a spillway
/ _ (Figure 5.3.1 .C)

..¢. : 5' min.
compacted

embankment -_r

-- control ",r iemergency overflow.
spillway rip rap ,,

per Table 4.4.1A
I .
a see Figure 5.3.1 .B

--_1--=C _ A forsectioncutdiagrams

NOTE:

This detail is a schematic representation only. Actual configuation
willvary depending on specific site constraintsand applicable
design criteria.
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5.3.1 DE"I"ENTION PONDS m DESIGN CRITERIA
I

control structure--_ top width of berm
emergency overflow WS--] "_ _6 min.
overflow WS_--_ / PIb a I 12'/15' min. for
. . _v _z| I" i I access road I

pone oesign WS v _ / _'t'P'_t_'_z_'_/_ 2 min.

[ JL_l embankment "_ i'- existing
see fdeubn:4b;_._ _"H'- ' .......... _ J ground profile

_', I- __.'__,,"""_-''----__ maximum
j,_e- elevation
L-6" sediment ........... key, if required 10-yr W.S.

storage SECTION A-A

NTS

14 r- J .------- circumference length of

opening sized for 100 yr flow

_7 pond design J\J iiiiiiii J/I overflowW.S.
W.S. Frame/grate for secondary inlet.

II Provide vertical bars in frame @4" O,C. (other flow systems

SECTION a-a acceptable if approved by DDES)
See also the separate overflow

NTS structure shown in Figure 5.3.1.C

SECTION B-B has 2 options
I,_ L >[

10 (as required for 6" depth) 10
t 11

2" asphalt

emergency overflow water surface (for spillway on access roads)

(see Figure 5.3.1.E)
\

-- 3 \ _ 3

°verfl°w WS__L'_-_'_L _:_1__;_ 1 1' min---'-- _design W.S.

SECTION B-B _ 1' rock lining
Emergency Overflow Spillway

NTS

overflow WS--]
design

WS}-- --_1 emer.qencyoverf owWS ?
/ "If

compacted -_ _" _/- rock lining per

embankment" __ Table 4.4.1 .A

° SECTION C-C _ " -
- NTS
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SECTION5.3 DETENTIONFACILITIES

I FIGURE 5.3.1.C OVERFLOW STRUCTURE II-

...../ 15 (typ)see note1A..
3/4" diametersmooth / 4 hookclampsevenly
barsequallyspaced placedseedetailbelow

(4" O.C. max.)

- Providemaintenanceaccess
by welding4 crossbarsto 4
verticalbarsas shown.

Hingeupperendswithflanges/

boltsandprovidelocking
mechanism(padlock)on

PLAN VIEW "_ lowerend.

[ NTS 1 LOcatestepsdirectlybelOw
lower steel band3/4" x 4"wide 3/4" die. smoothroundbars

formedto fit ingroove weldedequallyspaced.
of C.B.riser Barsshallbe weldedto

upper& lowerbands

] i 2._4" (24 bandsevenlyspaced
I ....... ,,_,_ I see I see note1)

)and3/,-x,. I

type 2 II II

II %s,.OarO.,vanize,
smoothbars,,] II =11stepsor,adder

. • . . C.B. riser ' 'vertical SECTION A-A

hookclamp-_l_ ,. iif:I NTS

anchored _-_ Jto C.B. riser

DETAIL HOOK CLAMP
NTS

NOTES:

1. Dimensionsare for illustrationon54" diameterCBFordifferentdiameterCB'sadjustto maintain45°
angleon "vertical"bars and7" o.c. maximumspacingof barsaroundlowersteelband.

2. Metalpartsmustbe corrosionresistant;steelbarsmustbe galvanized.
3. Thisdebrisbarrierisalsorecommendedforuse onthe inletto roadwaycross-culvertswithhigh

potentialfordebriscollection(exceptontype2 streams)
4. Thisdebrisbarrierisfor use outsideof roadright-of-wayonly.For debriscageswithinroadright-of-

way,see Drawing2-028 KCRS.
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5.3.1 DETENTION PONDS m DESIGN CRITERIAi

I IpFIGURE 5.3.1.D PERMANENT SURFACE WATER CONTROL POND SIGN

L

11/2,

f-- T---

Thispondisinourcare.

StormwaterRunoffisheldalterstomts,nisreleased
slowly or stored unffi ff'm next strum when it is

Pond =1== by incoming flows. This helps prevent
dotmsb_.amfloodinganderosionandhelps
ae=nthet,msr.F=rmoreinform=iraortoreport 24"
littwing, vandalism or other problems, call
DeparlmentofNalundResourcesFacilities

PondNme_d Number 3'-6"(typ)

SPECIFICATIONS:

Size: 48 inches by 24 inches

Material: 0.125-gauge aluminum

Face: Non-reflective vinyl or 3 coats outdoor enamel (sprayed).

Lettering: Silk screen enamel where possible, or vinyl letters.

Colors: Beige background, teal letters.

Type face: Helvetica condensed. Title: 3 inch; Sub-Title: 11/2inch; Text: 1 inch; Outer border:
1/8inch border distance from edge: 1/4 inch; all text 13/4inch from border.

Posts: Pressure treated, beveled tops, 11/2inch higher than sign.

Installation: Secure to chain link fence if available. Otherwise install on two 4"x4" posts, pressure
treated, mounted atop gravel bed, installed in 30-inch concrete filled post holes (8-inch
minimum diameter). Top of sign no higher than 42 inches from ground surface.

Placement: Face sign in direction of primary visual or physical access. Do not block any access road.
Do not place within 6 feet of structural facilities (e.g. manholes, spillways, pipe inlets).

Note: If the facility has a liner to restrict infiltration of stormwater, thefollowing note must be added to

- theface of the sign: "Thisfacility is lined to protect groundwater quality." In addition, specific
information about the liner must be added to the back of the sign as specified in Section 6.2.4.
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SECTION5.3 DETENTIONFACILITIES

5.3.1.2 METHODS OF ANALYSIS

Detention Volume and Outflow

The volume and outflow design for detention ponds shall be in accordance with the performance
requirements in Chapter 1 and the hydrologic analysis and design methods in Chapter 3. Restrictor orifice
structure design shall comply with Section 5.3.4 (p. 5-40). Note: The design water surface elevation is
the highest elevation which occurs in order to meet the required outflow performance for the pond.

DetentionPonds in InfiltrativeSoils

Detention ponds may occasionally be sited on till soils.that otherwise meet the basic criteria of "sufficient

permeable soil" for a properly functioning infiltration system (see Section 5.4.1, p. 5-53). These detention
ponds have a surface discharge and may also utilize infiltration as a second pond outflow. Detention ponds
sized with infiltration as a second outflow must meet all the requirements of Section 5.4 for infiltration

ponds, including a soils report, testing, groundwater protection, presettling, and construction techniques.

Emergency Overflow Spillway Capacity

The emergency overflow spillway weir section shall be designed to pass the 100-year runoff event for
developed conditions assuming a broad-crested weir. The broad-crested weir equation for the spillway
section in Figure 5.3.1.E, for example, would be:

Ql0o = C (2g) 1/2[2/3 zn 3/2+ 8/15 (Tan 0) H 5r2] (5-1)

where Qzoo = peak flow for the 100-year runoff event (fps)
C = discharge coefficient (0.6)
g = gravity (32.2 ft/sec 2)
L = length of weir (ft)
H = height of water over weir (ft)
0 = angle of side slopes

Assuming C = 0.6 and Tan 0 = 3 (for 3:1 slopes), the equation becomes:

Ql0o = 3.21 (LH3r2+ 2.4 H5/2) (5-2)

To find width L for the weir section, the equation is rearranged to use the computed QJooand trial values
of H (0.2 feet minimum):

L = [Q1oo/(3.21//3/2)]-2.4H or 6 feet minimum (5-3)

FIGURE 5.3.1.E WEIR SECTION FOR EMERGENCY OVERFLOW SPILLWAY

1_,_ emergencyoverflow _ _ overflow

[ 0.5'rain. _'-a_ --'="_' water surface _ _ .................... t 0.3'rain. water
surface

[_""'_"'"_":'w"_'__ d 'per Table4.4.1 A
) L
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5.3.2 DETENTION TANKS

5.3.2 DETENTION TANKS

Detention tanks axe undergroundstorage facilities typically constructedwith large diameter corrugated
metal pipe. Standarddetentiontank details are shown in Figure 5.3.2.A (p. 5-35) and Figure 5.3.2.B
(p. 5-36). Control structuredetailsare shown in Section 5.3.4 beginning on page 5-40.

5.3.2.1 DESIGN CRITERIA

General

1. Tanks shall be designed as flow-through systems with manholes in line (see Figure 5.3.2.A, p. 5-35)
to promote sediment removal and facilitate maintenance.

Exception: Tanks may be designed as back-up systems if preceded by water quality facilities since
little sediment should reach the inlet/control structure and low headlosses can be expected because of
the proximity of the inlet/control structure to the tank.

2. The detention tank bottom shall be located 0.5 feet below the inlet and outlet to provide dead storage
for sediment.

3. The minimum pipe diameter allowed for a detention tank is 36 inches.

4. Tanks larger than 36 inches may be connected to each adjoining structure with a short section (2-foot
maximumlength)of36-inchminimumdiameterpipe.

5. Outflow control structures shall be as detailed in Section 5.3.4 (p. 5-40). Note: Control and access
manholes shall have additional ladder rungs to allow ready access to all tank access pipes when the
catch basin sump is filled with water (see Figure 5.3.4.A, plan view, p. 5-42).

Materials

Galvanized metals leach zinc into the environment, especially in standing water situations. High zinc

concentrations, sometimes in the range that can be toxic to aquatic life, have been observed in the region.6
Therefore, use of galvanized materials in stormwater facilities and conveyance systems is discouraged.
Where other metals, such as aluminum or stainless steel, or plastics are available, they should be used.

Pipe material, joints, and protective treatment for tanks shall be in accordance with Section 9.05 of the
WSDOT/APWA Standard Specification as modified by the King County Road Standards and AASHTO
designations. Such materials include the following:

• Lined corrugated polyethylene pipe (LCPE)

• Aluminized Type 2 corrugated steel pipe and pipe arch (meets AASHTO designations M274 and
M36)

• Aluminum spiral rib pipe

• Corrugated aluminum pipe and pipe arch

• Reinforced concrete pipe

• Narrow concrete vaults (see Section 5.3.3, p. 5-37).

• Galvanized, corrugated iron or steel pipe and pipe arch, Treatments 1 through 6

• Galvanized steel spiral rib pipe, Treatments 1 through 6

• Galvanized structural plate pipe and pipe arch, Treatments 1 through 6

6 Finlayson, 1990. Unpublisheddata fromreconnaissanceof Metro Park-and-Ride lot stormwatercharacteristics.
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SECTION5.3 DETENTIONFACILITIES

Structural Stability

Tanks shall meet structural requirements for overburden support and traffic loading if appropriate. H-20 .......
live loads must be accommodated for tanks lying under parking areas and access roads. The King County
Roads Standards may have different live load requirements for structures locatedunder roadways. Metal --
tank end plates must be designed for structural stability at maximum hydrostatic loading conditions. Flat
end plates generally require thicker gage material than the pipe and/or require reinforcing ribs. Tanks
shall be placed on stable, well consolidated native material with a suitable bedding. Tanks shall not be
allowed in fill slopes, unless analyzed in a geotechnical report for stability and constructability.

Buoyancy

In moderately pervious soils where seasonal groundwater may induce flotation, buoyancy tendencies must
be balanced either by ballasting with backfill or concrete backfill, providing concrete anchors, increasing
the total weight, or providing subsurface drains to permanently lower the groundwater table. Calculations
must be submitted which demonstrate stability.

Access Requirements

l. The maximum depth from finished grade to tank invert shall be 20 feet.

2. Access openings shall be positioned a maximum of 50 feet from any location within the tank.

3. All tank access openings shall have round, solid locking lids with 5/s-inch diameter allen head cap
screws (see KCRS Drawing No. 2-022 and 2-023).

4. Thirty-six-inch minimum diameter CMP riser-type manholes (Figure 5.3.2.B, p. 5-36) of the same
gage as the tank material may be used for access along the length of the tank and at the upstream

terminus of the tank if a backup system. The top slab is separated (1-inch minimum gap) from the top
of the riser to allow for deflections from vehicle loadings without damaging the riser tank.

5. All tank access openings must be readily accessible by maintenance vehicles.

6. Tanks must comply with the OSHA confined space requirements, which includes clearly marking
entrances to confined space areas. This may be accomplished by hanging a removable sign in the
access riser(s), just under the access lid.

Access Roads

Access roads are required to all detention tank control structures and risers. The access roads shall be

designed and constructed as specified for detention ponds in Section 5.3.1 (p. 5-22).

Right-of-Way

Detention tanks to be maintained by King County but not located in King County right-of-way shall be in
a tract dedicated to King County. Any tract not abutting public right-of-way will require a 15-foot wide
extension of the tract to accommodate an access road to the facility.

Setbacks

Setbacks (easement/tract width) and building setback lines (BSBLs) for tanks shall be the same as for
pipes (see Section 4.1).

5.3.2.2 METHODS OF ANALYSIS

Detention Volume and Outflow

The volume and outflow design for detention tanks shall be in accordance with the performance
requirements in Chapter 1 and the hydrologic analysis and design methods in Chapter 3. Restrictor and
orifice design shall be according to Section 5.3.4 (p. 5-40).
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5.3.2 DETENTION TANKS

1 FIGURE 5.3.2.A TYPICAL DETENTION TANK 1[

/ optionalparalleltank

I tI I ;',L--.m

accessrisers , 36" ' "
I- - ]" -- k /I

inletpipe p_ ,L (maxspacingshownbelow) J T " -"
(backupsystems, ;I; " .............. ' _ _ min.diameter

where allowed) IJ,', 2' min. , , sameas inletpipe

//__ e-'_' ' --_ (flowt?r°ugh'
accessrisers 'type 2 CB requiredstructure See Figure5.3.2.B

for flowthrough
systemonly

PLAN VIEW

NTS

=Flow-through"systemshownsolid.
Designsfor =flowbackup"systemand

paralleltanksshowndashed

, / 21min'ddadtttrak vent, 100 max , / P'P
I I / (reauiredif noaccess

_. _ 50' max--*1 _ accessrisers_ ,. ,_/hser ontank)
_\_ Inl . _ a_ _ -__ _ ,_i__ ,_

tll I II--'-I / 0.5' sediment _-_ /
r"'_ I(]> II \ I /" storage level _ _.4_'*"

-'=""'_-'TII2'minfll "_ . ',, - " _ _'-I1%min--i;vll",36 min. \detention tank 12'max:
I_ '' I diameter(typ) sizeas required , _ r

controlstructure
(FROP-T shown)

min.54" dia. SECTION A-A
Type 2 CB NTS

see Section 5.3.4 "Flow through" system shownsolid.

NOTE:
All metalpartscorrosionresistant.
Steel partsgalvanizedandasphalt
coated(Treatment1 or better).
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SECTION 5.3 DETENTION FACILITIES.

I I

standard type 2-60" diam. \ _..._ _ frame locking lid

CB concrete top slab __ (marked "DRAIN")
mounted over 24" diam.

36" CMP riser _,_,_ - eccentric opening

PLAN
NTS

standard locking
M,H, frame & cover _///_T-_ _..<J maintain 1" gap between

see K.C.R.S. dwg. no. 2-022 ,_ j _ ,_ bottOmriserm OfprovideSlab&pliabletOpof

,__, gasket to exclude dirtcompacted pipe bedding __

_L _.,_-_ riser, 36" diam. min.,

same material & gage as
M.H. steps 12" O C tank welded or fused to tank

weld or bolt detention tank

standard M.H. steps

SECTION
NTS

NOTES:

1. Use adjusting blocks as required to bring frame to grade.
2. All materials to be aluminumor galvanized and asphaltcoated (Treatment 1 or better).
3. Must be located for access by maintenance vehicles.
4. May substituteWSDOT special Type IV manhole (RCP only).
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5.3.3 DETENTION VAULTS

5.3.3 DETENTION VAULTS

Detention vaults arebox-shaped undergroundstorage facilities typically constructed with reinforced
concrete. A standard detention vault detail is shown in Figure 5.3.3.A (p. 5-39). Control structuredetails
are shown in Section 5.3.4 beginning on page 5-40.

5.3.3.1 DESIGN CRITERIA

General

1. Detention vaults shall be designed as flow-through systems with bottoms level (longitudinally) or
sloped toward the inlet to facilitate sediment removal. Distance between the inlet and outlet shall be
maximized (as feasible).

2. The detention vault bottom shall slope at least 5% from each side towards the center, forming a broad
"v" to facilitate sediment removal. Note: More than one "v" may be used to minimize vault depth.

Exception: The vault bottom may be fiat if removable panels are provided over the entire vault.
Removable panels shall be at grade, have stainless steel lifting eyes, and weigh no more than 5 tons
per panel.

3. The invert elevation of the outlet shall be elevated above the bottom of the vault to provide an
average 6 inches of sediment storage over the entire bottom. The outlet must also be elevated a
minimum of 2 feet above the orifice to retain oil within the vault.

4. The outflow system and restrictor device shall be designed according to the applicable requirements
specified _or control structures in Section 5.3.4 (p. 5-40).

Materials

Minimum 3,000 psi structural reinforced concrete must be used for all detention vaults. All construction
joints must be provided with water stops.

Structural Stability

All vaults shall meet structural requirements for overburden support and H-20 traffic loading. Vaults
located under roadways must meet the live load requirements of the King County Road Standards. Cast-
in-place wall sections shall be designed as retaining walls. Structural designs for cast-in-place vaults
require a separate commercial building permit issued by DDES, and must be stamped by a licensed
structural civil engineer. Vaults shall be placed on stable, well-consolidated native material with suitable

bedding. Vaults shall not be allowed in fill slopes, unless analyzed in a geotechnical report for stability
and constructability.

Access Requirements

1. Access shall be provided over the inlet pipe and outlet structure. Access openings shall be positioned
a maximum of 50 feet from any location within the tank; additional access points may be required on
large vaults. If more than one "v" is provided in the vault floor, access to each "v" must be provided.

2. For vaults with greater than 1250 square feet of floor area, a 5' by 10' removable panel shall be
provided over the inlet pipe (instead of a standardframe,grate and solid cover). Alternatively, a
separate access vault may be provided as shown in Figure 5.3.3.A (p. 5-39).

3. For vaults under roadways, the removable panel must be located outside the travel lanes.
Alternatively, multiple standard locking manhole covers (see KCRS Drawing No. 2-022 and 2-023)
may be provided. Spacing of manhole covers shall be 12 feet, measured on center, to facilitate
removal of sediment. Ladders andhand-holds need only be provided at the outlet pipe and inlet pipe,
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SECTION5.3 DETENTIONFACILITIES

and as needed to meet OSHA confined space requirements. Vaults providing manhole access at
12-foot spacing need not provide comer ventilation pipes as specified in Item 10 below.

4. All access openings, except those covered by removable panels, shall have round, solid locking lids _
(see KCRS Drawing No. 2-022 and 2-023), or 3-foot square, locking diamond plate covers.

5. Vaults with widths 10 feet or less must have removable lids.

6. The maximum depth from finished grade to the vault invert shall be 20 feet.

7. Internal structural walls of large vaults shall be provided with openings sufficient for maintenance
access between ceils. The openings shall be sized and situated to allow access to the maintenance "v"
in the vault floor.

8. The minimum internal height shall be 7 feet from the highest point of the vault floor (not sump), and
the minimum width shall be 4 feet.

Exceptions:

• Concrete vaults may be a minimum 3 feet in height and width if used as tanks with access
manholes at each end, and if the width is no larger than the height.

• The minimum internal height requirement may be waived for any areascovered by removable
panels.

9. Vaults must comply with the OSHA confined space requirements, which includes clearly marking
entrances to confined space areas. This may be accomplished by hanging a removable sign in the
access riser(s), just under the access lid.

10. Ventilation pipes (minimum 12-inch diameteror equivalent) shall be provided in all four comers of
vaults to allow for artificial ventilation prior to entry of maintenancepersonnel into the vault. This
requirement is waived if removable panels are provided over the entire vault.

Access Roads

Access roads are required to the access panel (if applicable), the control structure, and at least one access

point per cell, and they shall be designed and constructed as specified for detention ponds in Section
5.3.1

(p. 5-22).

Right-of-Way

Detention vaults to be maintained by King County but not located in King County right-of-way shall be in
a tract dedicated to King County. Any tract not abutting public right-of-way will require a 15-foot wide
extension of the tract to accommodate an access road to the vault.

Setbacks

Setbacks to tract/easement lines for vaults shall be 5 feet; adjacent building setback lines shall be 10 feet.
For privately owned and maintained vaults, building foundations may serve as one or more of the vault
walls.

5.3.3.2 METHODS OF ANALYSIS

Detention Volume and Outflow

The volume and outflow design for detention vaults shall be in accordance with the performance
requirements in Chapter 1 and the hydrologic analysis and routing/design methods in Chapter 3.
Restrictor and orifice design shall be according to Section 5.3.4 (p. 5-40).

AR 032017

9/I/98 1998SurfaceWaterDesignManual
5-38



5.3.3 DETENTION VAULTS

[ IIFIGURE 5.3.3.A TYPICAL DETENTION VAULT

NOTE: All vault areas must be within 50' of an access point

%----2e=:.:.n_ ------_-_----_1ou..ot_.0e-_

,-whoI / confined space AA

NI To,/ j
ii I'-

I 1 I _- 5' x 10' opening

d I for vaults 2000 sf
optional PLAN VIEW or greater floor area

5' x 10' access vault NTS
may be used in I! LIlieu of top access L _ _ _

y rames, grates and round solid covers
arked =DRAIN" with locking bolts. \
ee KCRS dwgs. 2-022, 2-023 \r specification

wall flange_ - J 1.._==.1 t ........... I t _-_1 I "_,,\_

(b/pica,) _ ii"" ,." -"..v .... "............. ,_ DEsIGNWIs." ": ':"f ": ": I:'!': ":":1 6" "mTn._

i:I .=r,ctor
.:'.] . -- steps or ladder 6" sediment _" J I1::1q ",2_.._ seeKCRSdwg.2-O',',.tstorage--II ,ow /
;-1t2"_ _ _ _.Z '1 IIl \ '-_

_:!!_ _ I\11:{_1 capacib/ of outlet pipe

SECTION A A H2, ._min-- _1 not less than developed

--NTS " I]"..1.,_.....!:.=..i:.:..,:...........:.:.-:..,S':l\!i:'.._ lO0-yr design flow

[' 4' minimum ,I \ floor grate with 2' x 2'
NOTES: hinged access door

(1" x 1/4" galvanized
1. All metal parts must be corrosion resistant. Steel parts must be galvanized and

asphalt coated (Treatment I or better), metal bars)
2. Provide water stop at all cast-in-place construction joints.

Precast vaults shall have approved rubber gasket system.
3. Vaults < 10' wide must use removable lids.

4. Prefabricated vault sections may require structural modifications
to support 5' x 10' opening over main vault. Altematively, access
can be provided via a side vestibule as shown.
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SECTION5.3 DETENTIONFACILITIES

5.3.4 CONTROL STRUCTURES

Control structures arecatch basins or manholes with a restrictordevice for controlling outflow from a
facility to meet the desired performance. Riser type restrictordevices ("tees" or "FROP-Ts") also provide
some incidental oil/water separationandfulfill the spill control requirementsspecified for pipe systems in
Section 4.2 and as set forth in Core Requirement#4 (see Section 1.2.4).

The restrictor device is usually multiple orifice, consisting of two or more orifices and/or a weir section
sized to meet performancerequirements.

Standard control structuredetails are shown in Figure 5.3.4.A (p. 5-42) through Figure 5.3.4.C (p. 5-44).

5.3.4.1 DESIGN CRITERIA

Multiple Orifice Restrictor

In mostcases,controlstructuresneedonlytwo orifices:oneatthebottomandonenearthe topof theriser,
although additional orifices may best utilize detention storage volume. Several orifices may be located at
the same elevation if necessary to meet performance requirements.

1. Minimum orifice diameter is 0.5 inches. Note: In some instances, a 0.5-inch bottom orifice will be
too large to meet target release rates, even with minimal head. In these cases, the live storage depth
need not be reduced to less than 3feet to meet performance.

2. Orifices shall be constructed on a tee section as shown in Figure 5.3.4.A (p. 5-42) or on a baffle as
shown in Figure 5.3.4.B (p. 5-43).

3. In some cases, performance requirements may require the top orifice/elbow to be located too high on
the riser to be physically constructed (e.g., a 13-inch diameter orifice positioned 0.5 feet from the top
of the riser). In these cases, a notch weir in the riser pipe may be used to meet performance
requirements (see Figure 5.3.4.E, p. 5-46).

4. Consideration shall be given to the backwater effect of water surface elevations in the downstream

conveyance system. High tailwater elevations may affect performance of the restrictor system and
reduce live storage volumes. Note: The KCRTS program, version 4.0 and later, supports the design
of a partially tailwatered control structure by using a headwater/tailwater (HW/FW) data file
generated using the KCBW program. The user can specify the use of a HW/TW file within the "Point
of Compliance Setup," located within the "Edit Facility" menu screen.

Riser and Weir Restrictor

1. Properly designed weirs may be used as flow restrictors (see Figure 5.3.4.C and Figure 5.3.4.E
through Figure 5.3.4.F). However, they must be designed to provide for primary overflow of the
developed 100-year peak flow discharging to the detention facility.

2. The combined orifice and riser (or weir) overflow may be used to meet performance requirements;
however, the design must still provide for primary overflow of the developed 100-year peak flow
assuming all orifices are plugged. Figure 5.3.4.H (p. 5-50) can be used to calculate the head in feet
above a riser of given diameter and flow.

Access Requirements

1. An access road to the control structure is required for inspection and maintenance, and shall be
designed and constructed as specified for detention ponds in Section 5.3.1 (p. 5-22).

2. Manhole and catch basin lids for control structures shall be locking, and rim elevations shall match " -
proposed finish grade.
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9/1/98 1998SurfaceWaterDesignManual
5-40



5.3.4 CONTROL STRUCTURES -- DESIGN CRITERIA
III

3. Manholes and catch-basins must meet the OSHA confined space requirements, which include
clearly marking entrances to confined space areas. This may be accomplished by hanging a

- removable sign in the access riser, just under the access lid.

Information Plate

A brass or stainless steel plate shall be permanently attached inside each control structure. Engraved
information on the plate shall include the following:

• Name and file number of project

• Name and company of (1) developer, (2) engineer, and (3) contractor
• Date constructed

• Date of manual used for design

• Outflow performance criteria

• Release mechanism size, type, and invert elevation

• List of stage, discharge, and volume at one-foot increments
• Elevation of overflow

• Recommended frequency of maintenance.

-+ AR 032020
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SECTION 5.3 DETENTION FACILITIES

removable watertight --_
coupling or flange \ grate & solid cover

J marked "DRAIN" with locking bolts

I (_min. see note 3 & KCRS

elevation dwgs 2-022, 2-023

1' rain. under

e__a,x.L___min pavement : grate forbar

secondary inlet
6"min

plate w
with orificeas specified elbow restrictor,see detail

pipe supports handholds, steps or
ELBOW RESTRICTOR DETAIL see Note 6 ladder see KCRS

NTS dwg. 2-006
min--

outletpipe

f D see notes I &

\ invert and elevation _ -- shear gate with control
per plans _ rod for cleanout/drain

1' section of pipe -- (rod bent as required
attached by gasketed for vertical alignment
band to allow removal with cover) see KCRS

dwg. 2-026
restrictor plate

with orifice diameter as

\ specified (not needed if SECTION A-A
ISOMETRIC forspill control only) NTS

NTS 2'rain.clearance

to any frop-T
portion of

NOTES: / including elbows

1. catchUseabasin.minimumof a 54" diameter type2 , ,------_' T'__$

2. Outlet Capacity: 100-Year developed "_'_
peak flow.

3. Metal Parts: Corrosion resistant. A i.

Non-Galvanized parts perferred. /_L.__.=..
Galvanized pipe parts to have asphalt {) I I

treatment 1. t" J:_} i_ecessary_ _ ladder rungs
4. Frame and ladder or steps offset so: '_-_ see note7 i/ additional

A. Cleanout gate is visible from top. elbow restrictor--_, \_ 2' min. // (in sets) to allow access
_"_'t_, i/i to tanks or vaults whenB. Climb-down space is clear of riser and see detail catch is filled with water

cleanout gate.C. Frame is clear of curb.

5. If metal outlet pipe connects to cement
concrete pipe: outlet pipe to have smooth PLAN VIEW
O.D. equal to concrete pipe I.D. less 1/4". NTS

6. Provide at least one 3" X .090 gage support bracket anchored to concrete wall.
(maximum 3'-0" vertical spacing)

7. Locate elbow restdctor(s) as necessary to provide minimum clearance as shown.

8. Locate additional ladder rungs in structures used as access to tanks or vaults to
allow access when catch basin is filled with water.
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III r

Frames, grates and round _ ///_

solid covers marked =drain" attach shear gate
with lockingbolts. See KCRS control rod to support

dwgs. 2-022, 2-023 bracket on inside of

frame/grate elevation ,11-1f:_'_ _" " access openingF'!
f 1' min. 1'rain. f 11_r_j[-_-
| underpavement_ (n_ax._r'- I-I per plans

max w.s. I _ , DESIGN W.S. _7 s"min.
overflow II-- _I ,_-,,-, T

conditions i_--_ i

elbowrestrictors /I _ "-n' G'__F__p._,rt,

_-J_ (T_ -- -- shear gate with

see detail be _ _ handholds,1_.- J=--=i r+l /,._=j _._ control rod for drain
j_..:, see KCRS dwg. 2-026. .___ stepsorladder i=-."_ /

Ifl°w el_ :_ee KCRS dwg. 2-011 ',-_,._J_ orifice plate 10 gage
_.--_! minimum galvanized2'-0"rnin. I1:--'-_11._
___ steel with orifice

nf ,2'-0"min. i_--_! I less than diameter of
f h ;_ I concrete hole

SECTIONA-A SECTIONB-B
NTS NTS

PLANVIEW )_
NTS

\ j
removable . -

water-tight _. _ ISOMETRIC

coupling. _ NTS
grouted NOTES:

6"rain.t _ - outlet capacity: 100 year developed peak flow

ed--'_-71_, metal parts: corrosionresistantsteel partsplate weld galvanizedand asphalt coated
to elbow with 6"max. catch basin: type 2 minimum 72" diameter to

orifice as be constructedin accordance with

specified KCRS dwg. 2-005 and AASHTO M-199
unless otherwisespecified

ELBOW RESTRICTOR DETAIL orifices:sized and locatedas required with
NTS lowest orifice a minimum of 2' from base
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SE ON53OO FA= S

_ Frames, gratesand roundsolid
covers marked"DRAIN"with

• , lockingbolts. 7nv_me_nT_ -'--_ frame/grateelevation
See KCRS Dwgs. 2-022, 2-023 1'

6" min. I_-W-,_ DESIGN W.S. _ per plans
P,_..3_

=L___J=
I_----':

=_---7= I.E. weir, inlet
IL...:I:_---l: pipe and
:L_..;: drain'_""_IiL...-=: = crown
:L...:: outletpipe I

1II -11

weir shape __ r"-''=' (I
needed for =, :: ,_'1as

performance =L..-,': -- - shear gate with
', " controlrod for'.... " outletpipe

drain. See
KCRS dwg. 2-026

SECTION B-B SECTION A-A
NTS NTS

_ B

_' _ handholds,
"1_ // I _ l_',._ stepsor ladder (2 places)

I A

,I - _ Locateadditiona e
I _11 _ .
, _ ' rungs(in sets) to allow Locate horizontalfor

I _ access to tanks or vaults clearance withladder.Jl _ when catch is filled Attachrod to support
,., _ withwater bracketon insideof

accessopening

ISOMETRIC PLAN VIEW
NTS NTS

NOTES:
Outlet Capacity: 100-year developed peak flow.
Metal Parts: corrosionresistantsteel parts galvanizedand asphaltcoated.
Catch Basin:type 2 Min. 72" diameter to be constructedinaccordancewith

KCRS dwg2-005 and AASHTO M-199 unlessotherwisespecified.
BaffleWall: to be designed withconcrete reinforcingas required.
SpillControlRequirements:see Section 4.2.
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5.3.4.2 METHODS OF ANALYSIS

This section presents the methods andequations for design of control structure restrictor devices.
Included are details for the design of orifices, rectangular sharp-crested weirs, v-notch weirs, sutro weirs,
and overflow risers.

Orifices

Flow-through orifice plates in the standard tee section or turn-down elbow may be approximated by the
general equation:

Q = CA_ (5-4)

where Q = flow (cfs)

C = coefficient of discharge (0.62 for plate orifice)
A = area of orifice (sf)
h = hydraulic head (ft)
g = gravity (32.2 ft/sec2)

Figure 5.3.4.D illustrates this simplified application of the orifice equation.

I FIGURE 5.3.4.D SIM LE ORIFICE II

_---------__ _

-'--'_ = f ht Q = CAb _ + CAtVr2"ght
=c +A,V t)

-L'_"Jodfice (t) hb hb = distancefromhydraulicgradeline
atthe2-yearflowof theoutflowpipe
totheoverflowelevation

) ( ,shear J

Q = / gate

orifice (b)

The diameter of the orifice is calculated from the flow. The orifice equation is often useful when
expressed as the orifice diameter in inches:

d = _ (5-5)

where d = orifice diameter (inches)
Q = flow (cfs)
h = hydraulic head (ft)

1998SurfaceWaterDesignManual 9/1/98
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SECTION 5.3 DETENTION FACILITIES

Rectangular, Sharp-Crested Weir

The rectangular, sharp-crested weir design shown in Figure 5.3.4.E may be analyzed using standard weir
equations for the fully contracted condition.

i FIGURE 5.3.4.E RECTANGULAR, SHARP-CRESTED WEIR II

V

[/_ H --=" I _/riserD L :il

(_ P

@ PLAN

NTS

SECTION
NTS

Q = C (L - 0.2H)H3a (5-6)

where Q = flow (cfs)

C = 3.27 + 0.40 HIP (ft)
H,P are as shown above

L = length (ft) of the portion of the riser circumference as necessary not to exceed 50% of
the circumference

D = inside riser diameter (ft)

Note that this equation accounts for side contractions by subtracting 0.1H from Lfor each side of the
notch weir.
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5.3.4 CONTROL STRUCTURES _ METHODS OFANALYSIS

V-Notch,Sharp-CrestedWeir

V-notch weirs, as shown in Figure 5.3.4.F, may be analyzed using standard equations for the fully
contracted condition.

[ FIGURE 5.3.4.F V-NOTCH, SHARP.CRESTED WEIR [[

_ HI -- r--l,

Y

A _ SECTIONA-A
NTS

Q = C d (Tan O/2)Ys/2, in cfs

Where values of Cd may be taken from the following chart:

2.9

2.8
2.7

Cd 2.6 _-"_ _2_0' f-'--'O

2.s_' _ _ _--
2.4 16°° "" "_°_""'

0.2 0.4 0.6 0.8

Y (in feet)
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SECTION 5.3 DETENTION FACILrrIEs

Proportionalor SutroWeir

Sutro weirs are designed so that the discharge is proportional to the total head. This design may be useful
in some cases to meet performance requirements.

The sutro weir consists of a rectangular section joined to a curved portion which provides proportionality
for all heads above the line A-B (see Figure 5.3.4.G). The weir may be symmetrical or non-symmetrical.

FIGURE 5.3.4.G SUTRO WEIR

see \ _ x /see

equation _._below_ _ _k, Z I __/equa_°ti°n__. -_
., ,/ _=I ! =t I crest I a o

--It _- 0,sc.a,e
Symmetrical Non-symmetrical

For this type of weir, the curved portion is defined by the following equation (calculated in radians):

x 2 _ (5-7)_= 1._ Tan -I
_ab

where a, b, x and Z are as shown in Figure 5.3.4.F. The head-discharge relationship is:

_/2g a (5-8)Q = Cab a(h 1-._)

Values of Ca for both symmetrical and non-symmetrical sutro weirs are summarized in Table 5.3.4.A

(p. 5-49).

Note: When b > 1.50 or a > 0.30, use Ca = 0.6.
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TABLE 5-_.4,A VALIJES OF Cd FOR SUTRO WEIRS

Ca Values, Symmetrical

b (ft)

a (ft) 0.50 0.75 1.0 1.25 1.50

0.02 0.608 0.613 0.617 0.6185 0.619

0.05 0.606 0.611 0.615 0.617 0.6175

O.10 0.603 0.608 0.612 0.6135 0.614

0.15 0.601 0.6055 0.610 0.6115 0.612

0.20 0.599 0.604 0.608 0.6095 0.610

0.25 0.598 0.6025 0.6065 0.608 0.6085

0.30 0.597 0.602 0.606 0.6075 0.608

C_Values, Non-Symmetrical

b

a (ft) 0.50 0.75 1.0 1.25 1.50

0.02 0.614 0.619 0.623 0.6245 0.625

0.05 0.612 0.617 0.621 0.623 0.6235

O.10 0.609 0.614 0.618 0.6195 0.620

O.15 0.607 0.6115 0.616 0.6175 0.618

0.20 0.605 0.610 0.614 0.6155 0.616

0.25 0.604 0.6085 0.6125 0.614 0.6145

0.30 0.603 0.608 0.612 0.6135 0.614
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Riser Overflow

The nomograph in Figure 5.3.4.H can be used to determine the head (in feet) above a riser of given

diameter and for a given flow (usually the 100-year peak flow for developed conditions).

I FIGURE 5.3.4.H RISER INFLOW CURVES II

100

1

0.1 1 10
HEAD IN FEET (measured from crest of riser)

Q.eir =9.739 DHU2

Q or.i©e=3.782 D2H 112

Q in cfs, D and H in feet
Slope change occurs at weir-orifice transition
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5.3.5 OTHER DETENTION OPTIONS

This section presents other design options for detaining flows to meet flow control facility requirements.

Use of Parking Lots for Additional Detention

Private parking lots may be used to provide additional detention volume for runoff events greater than the
2-year runoff event provided all of the following conditions are met:

1. The depth of water detained does not exceed 1 foot at any location in the parking lot for runoff events
up to and including the 100-year event.

2. The gradient of the parking lot area subject to ponding is 1 percent or greater.

3. The emergency overflow path is identified and noted on the engineering plan, and the path complies
with Core Requirements #I and #2 (see Sections 1.2.1 and 1.2.2).

4. Fire lanes used for emergency equipment are free of ponding water for all runoff events up to and
including the 100-year event.

Note: Flows may be backed up into parking lots by the control structure (i.e., the parking lot need not
function as aflow-through detention pond).

Use of Roofs for Detention

Detention ponding on roofs of structures may be used to meet flow control requirements provided all of
the following conditions are met:

1. The roof support structure is analyzed by a structural engineer to address the weight of ponded water.

- 2. The roof area subject to ponding is sufficiently waterproofed to achieve a minimum service life of 30

years.

3. The minimum pitch of the roof area subject to ponding is l/4-inch per foot.

4. An overflow system is included in the design to safely convey the 100-year peak flow from the roof.

5. A mechanism is included in the design to allow the ponding area to be drained for maintenance
purposes or in the event the restrictor device is plugged.

Use of Wetlands for Detention

1. A Class 1, 2, or 3 wetland or buffer may be used by a public agency or utility for regional detention
only under certain conditions as specified in the Sensitive Areas Ordinance (codified in KCC 21A.24).

2. Isolated Class 3 wetlands and buffers which are grazed wet meadows may be used for any proposed
detention provided the conditions for such use are met as specified in KCC 21A.24.
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5.4 INFILTRATION FACILITIES

This section presents the methods, criteria, and details for design and analysis of infiltration facilities.

These facilities are used where soils are suitable for soaking the increased runoff from development into
the ground. Such facilities usually have a detention volume component to allow for temporary storage of
runoff while it is being infiltrated. This detention volume is typically dependent on the infiltration
capacity of the soils and the required facility performance.

There are five types of infiltration facilities allowed for use in complying with Core Requirement #3,
"Flow Control": infiltration ponds, infiltration tanks, infiltration vaults, infiltration trenches, and small
infiltration basins. In general, ponds are preferred because of the ease of maintenance and the water
quality treatment that surface soil and vegetation provide. Tanks and trenches are useful where site

constraints prevent use of a pond, and small infiltration basins are simple to design but have limited uses.

The information presented in this section is organized as follows:

Section 5.4.1, "General Requirements for Infiltration Facilities"

Section 5.4.2, "Infiltration Ponds"

"Design Criteria," Section 5.4.2.1 (p. 5-60)

"Methods of Analysis," Section 5.4.2.2 (p. 5-61)

Section 5.4.3, "Infiltration Tanks"

"Design Criteria," Section 5.4.3.1 (p. 5-63)

"Methods of Analysis," Section 5.4.3.2 (p. 5-64)

Section 5.4.4, "Infiltration Vaults"

"Design Criteria," Section 5.4.4.1 (p. 5-66)

"Methods of Analysis," Section 5.4.4.2 (p. 5-67)

Section 5.4.5, "Infiltration Trenches"

"Design Criteria," Section 5.4.5.1 (p. 5-68)

"Methods of Analysis," Section 5.4.5.2 (p. 5-68)

Section 5.4.6, "Small Infiltration Basins"

"Design Criteria," Section 5.4.6.1 (p. 5-69).

5.4.1 GENERAL REQUIREMENTS FOR INFILTRATION FACILITIES
This section presents the design requirements generally applicable to all infiltration facilities. Included are
the general requirements for determining acceptable soil conditions, determining infiltration rates, and
providing overflow protection, spill control, presettling, groundwater protection, protection from upstream
erosion, and construction.

U3 SOILS

The applicant must demonstrate through infiltration testing, soil logs, and the written opinion of a
geotechnical engineer that sufficient permeable soil exists on the site to allow construction of a properly
functioning infiltration facility.

The basic requirement is a minimum of 3 feet of permeable soil below the bottom of the facility
(bottom of pond or excavation for tank) and at least 3 feet between the bottom of the facility and the
maximum wet-season water table. Test pits or borings should extend at least 5 feet below the bottom of
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SECTION5.4 INFILTRATIONFACILITIES

theinfiltrationfacility,andatleastonetestholeshouldreachthewatertable.Ifthewatertableisvery
deep,thetestholeneednotextendmorethanone-fourththemaximum widthofthepondbelowthe
bottomofapond,ormorethan5 feetbelowthebottomofatank.Ifthereisanyquestionabouttheactual
wet-seasonwatertableelevation,measurementsshallbemadeduringtheperiodwhen thewaterlevelis
expectedtobeatamaximum.

Any requirementsrelatedtosteepslope,landslidehazard,orothersensitiveareaimpactsshouldalsobe
addressedinthesoilstudy.

The geotechnicalengineershallprovidea reportstatingwhetherthesiteissuitablefortheproposed
infiltrationfacility,andshallrecommend a designinfiltrationrate(see"DesignInfiltrationRate"
below).

Q MEASURED INFILTRATION RATES

Infiltration rate tests are used to help estimate the maximum sub-surface vertical infiltration rate of the soil
below a proposed infiltration facility (e.g., pond or tank) or a closed depression. The tests are intended to
simulate the physical process that will occur when the facility is in operation; therefore, a saturation period
is required to approximate the soil moisture conditions that may exist prior to the onset of a major winter
runoff event.

Testing Procedure

1. Excavations shall be made to the bottom elevation of the proposed infiltration facility. The measured
infiltration rate of the underlying soil shall be determined using either the EPA falling head
percolation test procedure (Design Manual - Onsite Wastewater Treatment and Disposal Systems,
EPA, 1980) or the double ring int'dtrometer test (ASTM D3385).

2. The test hole or apparatus shall be filled with water and maintained at depths above the test elevation
for the saturation periods specified for the appropriate test.

3. Following the saturation period, the rate shall be determined in accordance with the specified test
procedures, with a head of 6 inches of water.

4. The engineer shall perform sufficient tests to determine a representative infiltration rate for the site,
but at least three tests shall be performed for each proposed infiltration facility site, and at least 2
tests per acre (minimum of 4 tests) shall be performed for a closed depression.

5. A minimum of two soils logs shall be obtained for each tank and for each 10,000 square feet (plan
view area) of proposed pond infiltration surface area. Soils shall be logged for a minimum of 5 feet
below the bottom of each proposed infiltration facility. The logs shall describe the SCS series of the
soil, indicate the textural class of the soil horizons throughout the depth of the log, note any evidence
of high groundwater level (such as mottling), and estimate the maximum groundwater elevation, if
within the limits of the log.

Q DESIGN INRLTRATION RATE

In the past, many infiltration facilities have been built which have not performed as the designer intended.
This has resulted in flooding and substantial public expenditures to correct problems. Monitoring of
actual facility performance has shown that the full-scale infiltration rate is far lower than the rate
determined by small-scale testing. Actual measured facility rates of 10% of the small-scale test rate have
been seen. It is clear that great conservatism in the selection of design rates is needed, particularly where
conditions are less than ideal. Ideally, the design infiltration rate will be determined using an analytical
groundwater model to investigate the effects of the local hydrologic conditions on facility performance,
but this may be excessively costly for small projects.

A simplified method may be used for deteLTniningthe design infiltration rate by applying correction factors
to the measured infiltration rate. The correction factors account for uncertainties in testing, depth to the
water table or impervious strata, infiltration receptor geometry, and long-term reductions in permeability
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due to biological activity and accumulation of fines. Equation 5-9 has been developed to account for these
factors. This equation estimates the maximum design infiltration rate (Ide,ign);additional reduction in rate
beyond that produced by the equation may be appropriate. Note that the design infiltration rate Ide.,.,gnmust
not exceed 20 inches/hour.

ld_,ig. = l_,,...,,,ax Ft,,ti._x F_,o,_,o.x Fp_.ui.g (5-9)

Correction factor Ft,snngaccounts for uncertainties in the testing methods. For the EPA method, Ft,.,.t_,,g=
0.30; for the ASTM D3385 method, Ftesti#g= 0.50

Fgeo,,_r>.accounts for the influence of facility geometry and depth to the water table or impervious strata on
the actual infiltration rate. A shallow water table or impervious layer will reduce the effective infiltration
rate of a large pond, but this will not be reflected in a small scale test. Clearly, a large pond built over a
thin pervious stratum with a shallow water table will not function as well as the same pond built over a
thick pervious stratum with a deep water table. Fg,o,,_o.must be between 0.25 and 1.0 as determined by
the following equation:

Fgeomary= 4 D/W + 0.05 (5-10)

where D = depth from the bottom of the proposed facility to the maximum wet-season water table
or nearest impervious layer, whichever is less

W = width of the facility

Fptug_ingaccounts forreductions in infiltrationrates over the long term due to plugging of soils. This factor
is:

• 0.7 for loams andsandy loams

• 0.8 for fine sands and loamy sands

• 0.9 for medium sands

• 1.0 for coarse sands or cobbles, or any soil type in an infiltration facility preceded by a water quality
facility.

n 100-YEAR OVERFLOW CONVEYANCE

An overflow route shall be identified for stormwater flows that overtop the facility when infiltration
capacity is exceeded or the facility becomes plugged and fails. The overflow route must be able to safely
convey the 100-year developed peak flow to the downstream conveyance system or other acceptable
discharge point in accordance with conveyance requirements in Section 1.2.4.

The requirement to identify and analyze a 100-year overflow pathway may be waived if (1) an additional

correction factor of 0.5 is used in calculating the design infiltration rate, (2) the facility is sized to fully
infiltrate the 100-year runoff event, and (3) the facility is not bermed on any side. Intent: to address

situations where the infiltration facility may be a highly permeable closed depression, such as a gravel pit,
where all stormwater is infiltrated.

17 SPILL CONTROL DEVICE

All infiltration facilities must have a spill control device upstream of the facility to capture oil or other
floatable contaminants before they enter the infiltration facility (see Section 4.2.1.1). If a tee section is

_ used, the top of the riser should be set above the 100-year overflow elevation to prevent oils from entering
the infiltration facility.
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Q PRESETrLING

Presettling must be provided before stormwater enters the infiltration facility. This requirement may be
met by either of the following:

• A water quality facility from the Basic WQ menu (this alternative is recommended; see Section 6.1.1
for facility options).

• A presettling pond or vault with a treatment volume equal to 0.75 times the runoff from the mean
annual storm V, (see Section 6.4.1.1 for information on computing V,.).

If water in the WQ facility or presettling facility will be in direct contact with the soil, the facility must be
lined according to the liner requirements in Section 6.2.4. If the presettling facility is a vault, design of the
vault shall be the same as required for presettling cells in sand filter vaults (see Section 6.5.3.2).

The settling pond or vault shall be designed to pool water 4 to 6 feet deep with an overflow capacity
sufficient to pass the developed 100-year peak flow. Settling facilities must have a length-to-width ratio of
at least 3:1. The inlet(s) and outlet should be situated to maximize the length of travel through the settling

pond or vault. Berms or baffles may be used to lengthen the travel distance if site constraints limit the
inlet/outlet placement. Inlets should be designed to minimize velocity and turbulence. Roof runoff need
not be treated before entering an infiltration facility.

121 PROVECI'ION FROM UPSTFhr_M EROSION

Infiltration facilities must not be put into service before the upstream areas are properly stabilized since
untreated runoff can permanently impair the functioning of the system. Infiltration facilities may not be
operated until all proposed project improvements which produce surface runoff are complete,
especially revegetation and landscaping, except as allowed bv DDES. In the case of projects with
individual lots remaining undeveloped, these lots must contain and infiltrate their runoff through .....
individual sediment traps acting as infiltration ponds until permanent improvements and landscaping are
established.

An alternative to this approach is to serve the undeveloped lots with a large sediment trap on an
undeveloped tract; the trap is to be left in place until all clearing and construction is complete and all
permanent landscaping is in place. See Erosion and Sediment Control Standards (detached Appendix D)

• for design details. At the completion of all construction, the sediment trap must be cleaned out (taking
care that no sediment enters the drainage system) and filled in, and the flow routed to the permanent
drainage system.

Another alternative for subdivisions is to stage excavation of the pond as follows:

1. Bottom elevation of the pond prior to paving of plat roadways: 3 feet above the final pond bottom
elevation. At this stage of rough grading, the facility may be used to meet sediment retention
requirements.

2. Bottom elevation of the pond during and after paving and prior to construction of 80% of the houses:
18 inches above the final pond bottom elevation with upstream sediment retention, as needed. At this
stage, the pond will serve as an interim flow control facility pending final stabilization of the site.
KCC 9.04.090 requires that flow control facilities be operational prior to the construction of any
improvements.

3. Bottom elevation of the pond during construction of the remaining 20% of the houses: final pond
bottom elevation. Note: The remaining 20% of lots must contain and infiltrate their runoff through
individual sediment traps until permanent improvements and landscaping are established.

+
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5.4.1 GENERALREQUIREMENTSFORINFILTRATIONFACILITIES

13 CONSTRUCTION GUIDELINES

Excavation of infiltration facilities should be done with a backhoe working at "arms length" to minimize
disturbance and compaction of the completed infiltration surface. If the bottom of the facility will be
less than three feet below final grade, the facility area should be cordoned off so that construction traffic
does not traverse the area. The exposed soil should be inspected by a soils engineer after excavation to
confirm that soil conditions are suitable.

Two simple staff gages for measuring sediment depth should be installed at opposite ends of the bottom
of ponds. The gages can consist of 1-inch pipe driven at least one foot into the soil in the bottom of the
pond, with 12 inches of the pipe protrudingabove grade.

r-= OFFSITE GROUNDWATER LEVEL IMPACTS

Potential impacts to groundwater levels off the project site should be considered. In general, replacing
vegetation with impervious cover will increase the total annual volume of runoff generated on a site.
Infiltrating this runoff will tend to increase ground water recharge, which may affect groundwater levels
offsite. The impacts of infiltration could include increased water to landslide hazard areas, increased
groundwater resources available, increased water levels in closed depressions, and higher groundwater
levels. Higher groundwater levels offsite could result in increased flooding of basements, or impaired
functioning of infiltration systems resulting in surface water flooding. Evidence of offsite groundwater
flooding problems should be examined during the offsite analysis required under Core Requirement #2
(see Section 1.2.2).

In general, groundwater level impacts will be very difficult to reduce, and there are no specific
requirements which apply in many cases. The design engineer is encouraged to consider whether there are
any feasible approaches to reduce groundwater flooding impacts, such as moving facilities or changing
facility geometry, retaining forest cover, minimizing impervious coverage, or fixing downstream problems.

In GROUNDWATER PROTECTION

The protection of groundwater quality is recognized as an issue of greater concern than in the past, and
groundwater protection standards are changing rapidly. Increased safeguards are often required. The
applicant should check groundwater management plans for the area, as well as with local water
purveyors to determine if the project lies within a wellhead or groundwater protection zone, or
aquifer recharge area.

The groundwater protection requirements of this manual set forth in Chapter 1 call for implementing
one of the following actions when infiltrating runoff from pollution-generating surfaces:

1. Provide water quality treatment prior to infiltration as specified in Core Requirement #8and Special
Requirement #5or

2. Demonstrate that the soil beneath the infiltration facility has properties which reduce the risk of
groundwater contamination from typical stormwater runoff. Such properties are defined below
depending on whether the project is located outside of or within a sole-source aquifer area. Sole-
source aquifers are shown in the King County Comprehensive Plan (1994).

Note: The soil properties given below are primarily for groundwater protection and do not necessarily
satisfy other protection needs. For example, projects infiltrating runoff within a quarter-mile of a
sensitive lake may still be required to provide water quality treatment to meet the resource protection
needs of the sensitive lake. See Core Requirement #8 (Section 1.2.8)for additional WQ requirements.

1998SurfaceWaterDesignManual 9/1/98
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SECTION5.4 INFILTRATIONFACILITIES

Soil Properties Required for Groundwater Protection Outside Sole-Source Aquifers

For infiltration facilities located outside of a sole-source aquifer area, acceptable groundwater
protection is provided by the soil if the first two feet or more of the soil beneath the infiltration facility
meets one of the following criteria:

a) The soil has a measured infiltration rate less than or equal to 9 inches per hour 7 or is logged as one

•of the classes from the USDA Textural Triangle (Figure 5.4.1.A, p. 5-59), excluding sand and
loamy sand. Soil texture classes other than sand and loamy sand may be assumed to have an

infiltration rate of less than or equal to 9 inches per hour without doing field testing to measure
rates .8

b) The soil has a cation exchange capacity g greater than 5 and an organic content _° greater than
0.5%.

c) The soil is composed of less than 25% gravel by weight with at least 75% of the soil passing the

#4 sieve. The portion passing the #4 sieve must meet one of the following gradations:

• At least 50% must pass the #40 sieve and at least 2% must pass the #100 sieve, or

• At least 25% must pass the #40 sieve and at least 5% must pass the #200 sieve.

Note: These soil properties must be met by the native soils onsite. Soil may not be imported in order

to meet groundwater protection criteria without an approved adjustment.

Soil Properties Required for Groundwater Protection Within Sole-Source Aquifers

For projects located within a sole-source aquifer area, acceptable groundwater protection is provided

by the soil if the first two feet or more of the soil beneath the infiltration facility meets one of the
following criteria:

a) The soil has a measured infiltration rate less than or equal to 2.4 inches per hour or is logged
as one of the classes from the USDA Textural Triangle (Figure 5.4. I.A, p. 5-59), excluding
sand, loamy sand, and sandy loam. Soil triangle texture classes other than sand, loamy sand, and

sandy loam may be assumed to have an infiltration rate of less than or equal to 2.4 inches per hour
without doing field testing to measure rates? a

b) The soil has a cation exchange capacity greater than 5 and an organic content greater than

0.5%, and the infiltration rate must be less than or equal to 9 inches per hour.

c) The soil has a measured infiltration rate less than or equal to 9 inches per hour, and it must be

composed of less than 25% gravel by weight with at least 75% of the soil passing the #4 sieve.
The portion passing the #4 sieve must meet one of the following gradations:

• At least 50% must pass the #40 sieve and at least 2% must pass the #100 sieve, or

• At least 25% must pass the #40 sieve and at least 5% must pass the #200 sieve.

Note: The above soil properties must be met by the native soils on site. Soil may not be imported in
order to meet groundwater protection criteria without an approved adjustment.

AR 032036
7 Seediscussionof themeasuredinfiltrationrateonpage5-54.

8 Criteria(a) is basedontherelationshipbetweeninfiltrationratesandsoiltexture.However,thereare manyotherfactors,such
ashighwatertable,presenceofimperviousstrataorbouldersclosetothe surface,etc.,whichalsoaffectinfiltrationrate.
Whenanysuchconditionissuspectedbecausesoilsarecoarserthanexpectedfromthemeasuredinfiltrationrate,a sieve
analysisshouldbedonetoestablishsoilcharacteristics.Thejudgmentofa geotechnicalengineer,geologistorsoilscientist
shalldeterminewhethera sieveanalysisiswarranted.ThesieveanalysismustmeetCriteria(c)aboveto beconsidered
protective.

s Cationexchangecapac/tyshallbe testedusingEPALaboratoryMethod9081.

1oOrganiccontentshallbemeasuredonadryweightbasisusingmethodASTMD2974forthefractionpassingthe#40sieve.
11ConcernsregardingCriteria(a)andthe correspondencebetweenthemeasuredinfiltrationrateandsoiltexturesarethesame

asdiscussedforprojectsoutsidesole-sourceaquiferareas.
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5.4.1 GENERAL REQUIREMENTS FOR INFILTRATION FACILITIES
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Infiltration Near Water Supply Wells

The design engineer should consider the following when designing infiltration facilities near water supply
wells:

1. In no case should infiltration facilities be placed closer than 100 feet from drinking water wells and

springs used for drinking water supplies. Where water supply wells exist nearby, it is the
responsibility of the applicant's engineer to locate such wells, meet any applicable protection
standards, and assess possible impacts of the proposed infiltration facility on groundwater quality, If
negative impacts on an individual or community water supply are possible, additional runoff treatment
must be included in the facility design, or relocation of the facility should be considered.

2. All infiltration facilities located within the one-year capture zone of any well should be preceded by a
water quality treatment facility.

Infiltration Near Steep Slopes and Landslide Hazard Areas

The following restrictions apply to the design of infiltration Systems located upslope of landslide hazard
areas.

1. Infiltration facilities (excluding individual lot systems) may be placed no closer to the top of slope
than the distance equal to the total vertical height of the slope area that is steeper than 15%. Where
infiltration facilities are proposed within 200 feet of steep slopes or a landslide hazard area, a detailed
geotechnical evaluation may be required.

2. Individual lot infiltration and dispersion systems should be used to the extent feasible. The exception
is for lots immediately adjacent to the potential hazard area that should be collected into the tightline
system, if available.

1998 Surface Water Design Manual 9/1/98
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SECTION5.4 INFILTRATIONFACILITIES

5.4.2 INFILTRATION PONDS

Infiltration ponds may be constructed by excavating or constructing berms. See Figure 5.4.2.A (p. 5-62)
for a typical detail.

5.4.2.1 DESIGN CRITERIA

General

The following criteria for ponds are in addition to the general requirements for infiltration facilities
specified in Section 5.4.1:

1. The proposed pond bottom must be at least 3 feet above the seasonal high groundwater level and
have at least 3 feet of permeable soil beneath the bottom.

2. Infiltration ponds are not allowed on slopes greater than 25 % (4:1). A geotechnical analysis and
report may be required on slopes over 15% or if located within 200 feet of the top of a steep slope or
landslide hazard area.

3. The infiltration surface must be in native soil (excavated at least one foot in depth).

4. Maintenance access shall be provided to both the presettling pond or vault (if provided) and the
infiltration pond.

5. An overflow structure such as that shown in Figure 5.3.1.C (p. 5-30) shall be provided. In addition,
infiltration ponds shall have an emergency spillway as required for detention ponds in Section 5.3.1.1
(p.5-19).

6. Thecriteriaforgeneraldesign,sideslopes,embankments,planting,maintenanceaccess,access
roads,fencing,signage,andright-of-wayshallbethesame asfordetentionponds(seeSection5.3.I,
p.5-19),exceptasrequiredfortheinfiltrationdesign.

Setbacks

1. The toe of the exterior slope of an infiltration pond berm embankment shall be set back 5 feet from
the tract, easement, or property line.

2. The tract, easement, or propertyline on an infiltration pond cut slope shall be set back 5 feet from
the emergency overflow water surface.

3. The infiltration pond design water surface shall be set back 100 feet from proposed or existing septic
system drainfields. This setback can be reduced to 30 feet with approvalfrom the Seattle - King
County Department of Public Health.

4. The infiltration pond design water surface shall be a minimum of 50 feet from any sensitive area
steep slope, unless an approved geotechnical report recommends closer placement. The facility soils
report must address the potential impact of infiltration on the steep slope.

5. Building setback lines for adjacent internal lots shall be 20 feet. These may be reduced to the
minimum allowed by zoning if the facility soils reportaddresses the potential impacts of the facility
phreatic surface on structures so located.

6. The infiltration pond design water surface shall be set back 20 feet from external tract, easement or
property lines. This may be reduced to 5 feet if the facility soils report addresses the potential
impacts of the facility phreatic surface on existing or future structures located on adjacent external
lots.

AR 032038
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5.4.2 INFILTRATION PONDS

5.4.2.2 METHODS OF ANALYSIS

The size of the pond shall be determined using the hydrologic analysis and routing methods described for

detention ponds in Chapter 3. The storage volume in the pond is used to detain runoff prior to
infiltration. The stage/discharge curve shall be developed from the design infiltration rate determined

according to Section 5.4.1 (p. 5-53). At a given stage the discharge can be computed using the area of

pervious surface through which infiltration will occur (which will vary with stage) multiplied by the
recommended design infiltration rate (in appropriate units). Berms (which should be constructed of
impervious soil such as till), maintenance access roads, and lined swales should not be included in the

design pervious surface area.

Note: The KCRTS program "Size a Facility" module can provide a preliminary pond volume given side
slopes, storage depth, design infiltration rate, and allowable release rates through a control structure (if
applicable).

AR 032039
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SECTION 5.4 INFILTRATION FACILITIES

I FIGURE 5.4.2.A TYPICAL INFILTRATION POND 11 -
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5.4.3 INFILTRATION TANKS

5.4.3 INFILTRATION TANKS

Infiltration tanks consist of underground pipe that has been perforated to allow detained stormwater to be
infiltrated. Figure 5.4.3.A (p. 5-65) shows a typical infiltration tank.

5.4.3.1 DESIGN CRITERIA

General

The following criteria for tanks are in addition to the general requirements for infiltration facilities
specified in Section 5.4.1:

1. The proposed tank trench bottom shall be at least 3 feet above the seasonal high groundwater level
and have at least 3 feet of permeable soil beneath the trench bottom.

2. Infiltration tanks are not allowed on slopes greater than 25% (4:1). A geotechnical analysis and
report may be required on slopes over 15%, or if located within 200 feet of the top of a steep slope or
landslide hazard area.

3. The infiltration surface elevation (bottom of trench) must be in native soil (excavated at least one
foot in depth).

4. Minimum spacing between parallel tanks shall be equal to 2 times the distance from the bottom of
the lowest tank to the ground surface.

5. Tanks shall be bedded and backfilled with washed drain rock that extends at least 1foot below the

bottom of the tank, at least 2 feet beyond the sides, and up to the top of the tank.

_ 6. Drain rock (3 to 11/2inches) shall be completely covered with filter fabric prior to backfilling.

7. The perforations (holes) in the tank must be one inch in diameter and located in the bottom half of the

tank starting at an elevation of 6 inches above the invert of the tank. The number and spacing of the
perforations should be sufficient to allow complete utilization of the available infiltration capacity of
the soils with a safety factor of 2.0 without jeopardizing the structural integrity of the tank.

8. Infiltration tanks shall have an overflow structure equipped with a solid bottom riser (with clean-out
gate) and outflow system for safely discharging overflows to the downstream conveyance system or
another acceptable discharge point.

9. The criteria for general design, materials, structural stability, buoyancy, maintenance access, access
roads, and right-of-way shall be the same as for detention tanks (see Section 5.3.2, p. 5-33), except
for features needed to facilitate infiltration.

Setbacks

l. Tanks shall be set back 100 feet from proposed or existing septic system drainfieids. This setback
can be reduced to 30 feet with approval from the Seattle - King County Department of Public Health.

2. All tanks shall be a minimum of 50 feet from any sensitive area steep slope. The facility soils report
must address the potential impact of infiltration on the steep slope.

3. Building setback lines for adjacent internal lots shall be 20 feet. These may be reduced to the
minimum allowed by zoning if the facility soils report addresses the potential impacts of the facility
phreatic surface on structures so located.

4. Infiltration tanks shall be set back 20 feet from external tract, easement, or property lines. This
may be reduced to 5 feet if the facility soils report addresses the potential impacts of the facility
phreatic surface on existing or future structures located on adjacent external lots.
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SECTION 5.4 INFILTRATION FACILITIES

5.4.3.2 METHODS OF ANALYSIS

The size of the tank shall be determined using the hydrologic analysis and routing methods described in

Chapter 3, and the stage/discharge curve developed from the recommended design infiltration rate as

described in Section 5.4.1 (p. 5-53). The storage volume in the tank is used to detain runoff prior to

infiltration with the perforations providing the outflow mechanism. At any given stage, the discharge can
be computed using the area of pervious surface through which infiltration will occur multiplied by the
recommended design infiltration rate (in appropriate units). The area of pervious surface used for

determining the potential infiltration from the tank shall be computed by taking the lesser of the trench

width, or two times the width of the tank, and then multiplying by the length of the tank (assuming
infiltration through the bottom of the trenchonly).

Note: The KCRTS program "Size a Facility" module can provide a preliminary tank length given tank

diameter, storage depth, design infiltration rates, and allowable release rates through a control structure
(if applicable).

AR 032042 "-i

9/1/98 1998Surface Water Design Manual
5-64



5.4.3 INFILTRATION TANKS

FIGURE 5.4.3.A TYPICAL INFILTRATION TANK
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SECTION5.4 INFILTRATIONFACILITIES

5.4.4 INFILTRATION VAULTS

Infiltration vaults consist of a bottomless concrete vault structure placed underground in native infiltrative
soils. Infiltration is achieved through the native soils at the bottom of the structure.

Infiltration vaults are similar to detention vaults. A standard detention vault detail is shown in

Figure 5.3.3.A (p. 5-39). Overflow riser details are shown in Section 5.3.4 beginning on page 5-40.

5.4.4.1 DESIGN CRITERIA

General

The following criteria for vaults are in addition to the general requirements for infiltration facilities
specified in Section 5.4.1:

1. The proposed vault bottom shall be at least 3 feet above the seasonal high groundwater level and have
at least 3 feet of permeable soil beneath the bottom.

2. Infiltration vaults are not allowed on slopes greater than 25 % (4:1). A geotechnical analysis and
report may be required on slopes over 15%, or if located within 200 feet of the top of a steep slope or
landslide hazard area.

3. The vault bottom must be in native soil (excavated at least one foot in depth).

4. Infiltration vaults shall have a solid bottom riser (with clean-out gate) and outflow system for safely
discharging overflows to the downstream conveyance system or another acceptable discharge point.

Structural Stability

All vaults shall meet structural requirements for overburden support and H-20 vehicle loading. Vaults
located under roadways must meet the live load requirements of the King County Road Standards. Cast-
in-place wall sections shall be designed as retaining walls. Structural designs for cast-in-place vaults
require a separate commercial building permit issued by DDES, and must be stamped by a licensed
structural civil engineer. Bottomless vaults shall be provided with footings placed on stable, well-
consolidated native material and sized considering overburden support, traffic loading (assume
maintenance traffic, if placed outside ROW), and lateral soil pressures when the vault is dry. Infiltration
vaults shall not be allowed in fill slopes unless analyzed in a geotechnical report for stability. The
infiltration surface at the bottom of the vault must be in native soil.

Access Requirements

Same as specified for detention vaults in Section 5.3.3.1 (p. 5-37).

Access Roads

Same as specified for detention vaults in Section 5.3.3. I (p. 5-37).

Right-of-Way

Infiltration vaults to be maintained by King County but not located in King County fight-of-way shall be in
a tract dedicated to King County. Any tract not abutting public right-of-way will require a 15-foot wide
extension of the tract to accommodate an access road to the vault.

AR 032044
Setbacks

1. Infiltration vaults shall be set back 100 feet from proposed or existing septic system drainfields.

This setback can be reduced to 30 feet with approval from the Seattle - King County Department of
Public Health. -
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5.4.4 INFILTRATION VAULTS
ii

2. Infiltration vaults shall be a minimum of 50 feet from any sensitive area steep slope. The facility

soils report must address the potential impact of infiltration on the steep slope.

3. Building setback lines for adjacent internal lots shall be 20 feet, These may be reduced to the

minimum allowed by zoning if the facility soils report addresses the potential impacts of the facility
phreatic surface on structures so located.

4. Infiltration vaults shall be set back 20 feet from external tract, easement, or property lines. This

may be reduced to 5 feet if the facility soils report addresses the potential impacts of the facility

phreatic surface on existing or future structures located on adjacent external lots.

5.4.4.2 METHODS OF ANALYSIS

The size of the vault shall be determined using the hydrologic analysis and routing methods described in
Chapter 3 and the stage/discharge curve developed from the recommended design infiltration rate as
described in Section 5.4.1 (p. 5-53). The storage volume in the vault is used to detain runoff prior to

infiltration. At any given stage, the discharge can be computed using the area of pervious surface

through which infiltration will occur (the exposed soil comprising the vault bottom) multiplied by the
recommended design infiltration rate (in appropriate units).

Note: The KCRTS program "Size a Facility" module can provide preliminary vault volume (modeled as an
infiltration pond with vertical side slopes) given storage depth, design infiltration rate, and allowable
release rate through a control structure (if applicable).

AR 032045
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SECTION5.4 INFILTRATIONFACILITIES

5.4.5 INFILTRATION TRENCI-W S

Infiltrationtrenches can be a useful alternative for developments with constraints that make siting a pond
difficult. Infiltration trenches may be placed beneath parking areas, along the site periphery, or in other
suitable linear areas.

5.4.5.1 DESIGN CRITERIA

General

The following criteria for trenches are in addition to the general requirements for infiltration facilities
specified in Section 5.4.1:

1. The proposed trench bottom must be at least 3 feet above the seasonal high groundwater level and
3 feet below finished grade.

2. There must be at least 3 feet of permeable soft beneath the trenchbottom.

3. The infiltration surface elevation (bottom of trench) must be in native soil (excavated at least one foot
in depth).

4. Infiltrationtrenches arenot allowed on slopes greater than 25% (4:1). A geotechnical analysis and
report may be requiredon slopes over 15% or if located within 200 feet of the top of a steep slope or
landslide hazardarea.

5. Trenches shall be a minimum of 24 inches wide.

6. Trenches shall be backfilled with 11/2- 3/4-inchwashed rock, completely surroundedby filter fabric
and overlain by a minimum 1 foot of compact backfill.

7. Level 6-inch minimum diameter rigid perforated distribution pipes shall extend the length of the
trench. Distribution pipe inverts shall be a minimum of 2 feet below finished grade. Provisions (such
as clean-out wyes) shall be made for cleaning the distribution pipe.

8. Two feet minimum cover shall be provided in areas subject to vehicle loads.

9. Trenches shall be spaced no closer than 10 feet, measured on center.

Setbacks

1. Trench systems shall be set back 100 feet from proposed or existing septic system drainfields.
This setback can be reduced to 30 feet with approval from the Seattle - King County Department of
Public Health.

2. Trench systems shall be a minimum of 50 feet from any sensitive area steep slope. The facility soils
report must address the potential impact of infiltration on the steep slope.

3. Structures shall be set back 20 feet from individual trenches. This may be reduced if the facility
soils report addresses potential impacts of trench phreatic surface on structures so located.

5.4.5.2 METHODS OF ANALYSIS All 032046

The sections and lengths of trenches shall be determinedusing the hydrologic analysis and routing
methods for flow control design described in Chapter 3. The stage/discharge curve shall be developed
from the design infiltration rate recommended by the soils engineer, as described in Section 5.4.1
(p. 5-53). Storage volume of the trench system shall be determined considering void space of the washed
rock backfill and maximum design water surface level at the crown of the distribution pipe. At any given
stage, the discharge can be computed usin_ the area of pervious surface through which infiltration will -
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5.4.6 SMALLINFILTRATIONBASINS

occur (trench bottom area only) multiplied by the recommended design infiltration rate (in appropriate
units).

Note: The KCRTS program "Size a Facility" module can provide preliminary total trench bottom areas
given trench depth (from spring line), design infiltration rates, alut allowable release rates through a
control structure (if applicable). The program assumes 30% void space in the trench backfill.

5.4.6 SMALL INFILTRATION BASINS

Small infiltration basins consist of a bottomless, precast concrete catch basin or equivalent structure placed
in an excavation filled with washed drain rock. Stormwater infiltrates through the drain rock into the

surrounding soil. This facility is intended for use with contributing surface areas of less than 5,000 square
feet. Presettlement is most easily provided by a catch basin or manhole with a turned-down elbow; see
Figure 5.4.6.A (below) fora generic design sketch. If water quality treatment is requiredby Core
Requirement #8 or Special Requirement #5, runoff from pollution-generating impervious surfaces must be
treated before it enters the infiltration portion of the system.

5.4.6.1 DESIGN CRITERIA

The design criteria for small infiltration basins are essentially the same as for infiltration tanks (see
Sections 5.4.1 and 5.4.3), except that only one infiltration rate test and soil log is required for each small
infiltration basin. Access into the basins shall be provided for inspection and maintenance. Designs may
incorporate Type U catch basins, but equivalent designs using other materials may be accepted.

I FIGURE 5.4.6.A CONCEPTUAL SMALL INFILTRATION BASIN I
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catch basin lid
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

CHAPTER 6
WATER QUALITY DESIGN

This chapter presents the King County approved methods, criteria, and details for analysis and design of
water quality facilities pursuant to Core Requirement #8, discussed in Section 1.2.8, and Special
Requirement #5, discussed in Section 1.3.5.

Chapter Organization

The information in this chapter is organized into the following six main sections:

• Section 6.1, "Water Quality Menus" (p. 6-3), details the area-specific water quality menus referred
to in Core Requirement #8 of Chapter 1, and the High-Use Menu referred to in Special Requirement
#5, also in Chapter 1.

• Section 6.2, "General Requirements for WQ Facilities" (p. 6-17), presents general design requirements
and details pertinent to all water quality facilities.

• Section 6.3, "Biofiltration Facility Designs" (p. 6-37), presents the details for analysis and design of
biofiltration facilities such as biof'dtration swales and filter strips.

• Section 6.4, "Wetpool Facility Designs" (p. 6-67), presents the details for analysis and design of
wetpool water quality facilities such as wetponds, wetvaults, stormwater wetlands, and
combinations of these facilities with detention ponds.

• Section 6.5, "Media Filtration Facility Designs" (19.6-99), presents the details for analysis and design
of filtration facilities such as sand filters and leaf compost filters.

• Section 6.6, "Oil Control Facility Designs" (p. 6-135), presents the details for analysis and design of
oil control facilities such as catch basin inserts and oil/water separators.

Requiredvs. RecommendedDesign Criteria

Both required and recommended design criteria axepresented in this chapter. Criteriastated using "shall"
or "must" are mandatory, to be followed unless there is a good reason to deviate as allowed per the
adjustment process in Section 1.4. These criteria are required design criteria and generally affect facility
performance or critical maintenance factors.

Sometimes options are stated as part of the required design criteria using the language "should" or
"may." These latter criteria are really recommended design criteria, but are so closely related to the
required criteria that they are placed with it. In some cases recommended design features are presented
under a separate heading in the "Design Criteria" sections.
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CHAPTER 6 WATERQUALITY DESIGN

Use of Chapter 6 Figures: The figures provided in Chapter 6 illustrate one example of how the WQ

facility design criteria may be applied. There may be other engineering solutions that also meet the design
criteria. Those options are also allowed unless it is the judgment of DDES that the option has other

problems that render it a poor engineering choice. Although the figures are meant to illustrate many of the

most important design criteria, they may not show all criteria which apply. In general, the figures in
Chapter 6 are not used to specify requirements unless they are indicated elsewhere in the Manual.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

6.1 WATER QUALITY MENUS

This section identifies facility choices and, in some cases, non-structuraloptions that comprise the water
quality (WQ) menus referred to in Chapter 1. The menus covered in this section areas follows:

• Basic Water Quality Menu, Section 6.1.1 (p. 6-4)

• Sensitive Lake Protection Menu, Section 6.1.2 (p. 6-6)

• Resource StreamProtection Menu, Section 6.1.3 (p. 6-10)

• Sphagnum Bog Protection Menu, Section 6.1.4 (19.6-12)

• High-Use Menu, Section 6.1.5 (p. 6-14).

Guide to.Applying Water Quality Menus

1. Determine which _a-specific menu applies to your project by consulting theWater Quality (WQ)
AppLicationsmap.Coackpocket). The map will indicateff your project is covered by a special WQ
menu or if the Basic WQ menu applies. If this determination cannot be made from the map, a more
detailed delineation of WQ treatment areas isavailable on King County's Geographic Information
System. The map also lists some of the inventoried sphagnum bog wetlandsusingthe numbering
convention of the King County wetlands inventory. If yourproject drains to one of these bogs, or an
uninventoried sphagnum bog,:it_isalso covered by a special WQ menu.

2. Read:Core Requirement;#Sto determine if any exemptions apply,to your project.

3. :If the map indicates your project iscovered bya special WQ _enu andno exemptions apply,
determine ff the site will actually drain tothe sensitive resource (lake, :stream reach, or bog)._For
instance, projects near drainage boundaries, especially :inareas with underground storm drains,may,
drain ina direction :differentfrom the surface topography. Check the detailed threshold information in
Section 1:2.8 to.determine whether Core:Requirementz#8 applies to all or part:of yourproject. If.the
project site does not drain to the,sensitive resource, theBasie Water Quality menu :applies.

4. Findthe WQ menu inthissection that applies to your project. Each menu presents tw0 or more water
quality treatment options; select one. Since all options are sized to provide equivalent removal of the
target pollutant,.the choice wiU depend only onthe constraints and opportunities of your Site. Of
detention requirements apply, it will usually be most economical to use,the combined WQ/detention
pond option); Detailed facility designsfor the option.selected are given in Sections 6.3 (p. 6-37):i6.4
(p. 6-67), and 6.5 (p. 6-99). Information about non-structural options is included in the menu itself.

5. Read the implementation requirements in Chapter 1(Section 1.2.8.2) that addresspollution-generating
pervious surfaces. For some WQ menus, and in some situations, the facility requirements for these
surfaces are eased.

6. 'Determine if your project fits the definition of a high-use site (see Special Requirement:#5 in
Chapter 1). If itdoes, or if you electto provide enhanced oil pollution control, choose one of the
options presented in thcHigh-Use menu, Section 6.1.5. Detailed designs.for oil control facilities are
given in Section 6:6 (p. 6-135).

7. General water quality facility requirements (see Section 6.2, p: 6-17) applyto aU menus andmay
affectthe placement of facilities on your site.

1998SurfaceWaterDesignManual 9/1/98
6-3 AR 032052



SECTION6.1 WATERQUALITYMENUS

6.1.1 BASIC WATER QUALITY MENU

Where applied: The Basic Water Quality menu is generally applied to areas outside the drainage basin of
sensitive lakes, regionally significant stream reaches, or sphagnum bog wetlands. Redevelopment
projects, irrespective of location, also apply the basic WQ menu. The Basic WQ menu applies to
stormwater conveyed to surface waters as well as to groundwater unless the project is exempt from
treatment per Section 1.2.8. For precise details on the application of this and other area-specific water
quality menus, refer to Section 1.2.8, "Core Requirement #8: Water Quality."

Treatment goal: The Basic Water Quality menu facility choices are designed to remove 80 percent of
total suspended solids 1(TSS) for flows or volumes up to and including the WQ design flow or volume
(defined in Section 6.2.1, p. 6-17). Flows and volumes in excess of the WQ design flow or volume can be
routed around the WQ facility or can be passed through untreated.

Basis: The goal of 80 percent TSS removal was chosen since it provides good pollutant removal. For
higher removals, there are diminishing returns, and relatively less treatment is gained for incremental
increases in facility size.

There are seven facility options that comprise the Basic WQ menu; any one option may be chosen to
satisfy the basic WQ protection requirement.

El BASIC WQ OPTION 1 --BIORLTRATION SWALE

A biofiltration swale is a long, gently sloped, vegetated ditch designed to filter pollutants from stormwater.
Grass is the most common vegetation used. Design details are given in Section 6.3.1 (p. 6-37). The wet
biofiltration swale (see Section 6.3.2, p. 6-52) is a variation of the basic biofiltration swale for use where
the longitudinal slope is slight (1 to 2 percent or less), water tables are high, or continuous low base flow
is likely to result in saturated soil conditions. Under such conditions, healthy grass growth is not possible; --
wetland plants axe used to provide the biofiltration mechanism in saturated soil conditions. The
continuous inflow biofiltration swale (see Section 6.3.3, p. 6-55) may be used in situations such as
roadways where water enters the swale continuously rather than at one discrete inflow point.
Table 6.1.1.A (below) summarizes when the biofiltration swale and its variations are to be applied.

El BASIC WQ OPTION 2-- RLTER STRIP

Afilter strip is a grassy area with gentle slopes which treats stormwater runoff from adjacent paved areas
before it concentrates into discrete channels; see Section 6.3.4 (p. 6-56) for design details. The narrow
area filter strip may be used along a roadway or parking lot in limited space situations as specified in
Section 6.3.5 (p. 6-64).

El BASIC WO OPTION 3--WETPOND

Wetponds are stormwater ponds that maintain a pool of water for most of the year. Stormwater entering
the pond is treated during the relatively long residence time within the pond. The sizing method used in
this manual is based on a method developed by the Nationwide Urban Runoff Program (NURP). The
basic wetpond has a volume three times larger than the volume of runoff from NURP's mean annual
storm. 2 See Section 6.4.1 (p. 6-67) for design details.

El BASIC WQ OPTION 4--WETVAULT

An underground vault may be used to comply with the Basic Water Quality menu. The treatment volume

is the same as for the basic wetpond; see Section 6.4.2 (p. 6-80) for design details.

1 Thisgoalassumestheprojectgeneratesa typicallevelofYSS(between30and100milligramsperliter(mg/L).Forprojects
expectedtogeneratea higherlevelofTSS,suchasa sandandgraveloperation,a highertreatmentgoalmaybeappropriate.

2 Themeanannualstormisderivedfromdividingtheannualrainfall(ininches)bythenumberofstormsperyear.
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6.1.1 BASICWATERQUALITYMENU

Cl BASIC WQ OPTION 5--STORMWATER WETLAND

A stormwater wetland uses biological processes of plant uptake and bacterial degradation as well as
physical and chemical processes and gravity settling to remove pollutants. The footprint of the stormwater
wetland is sized based on the wetpond sizing, but the depth of water in the second cell is reduced to
encourage plant growth; see Section 6.4.3 (p. 6-86) for design details.

El BASICWQOPTION6-- COMBINEDDETENTIONANDWETPOOLFACILmES

This option allows the wetpond, wetvault, or stormwater wetland to be placed under the detention pond
live storage. Where site conditions permit its use, this option occupies less space than separate siting of
detention and water quality facilities. The basic wetpond portion of the combined facility is sized using
the same method as the wetpond in Option 3; see Section 6.4.4 (p. 6-92) for design details.

El BASIC WO OPTION 7--SAND RLTER

A sandfilter is a depression or pond with the bottom made of a layer of sand. Stormwater is treated as it
percolates downward through the sand layer. Sand filters treat to a higher level of TSS removal than do
the other water quality facilities. Therefore, slightly less of the annual runoff volume can be treated
through the sand filter and still meet the Basic WQ menu goal for TSS removal.

Sand filters can be built as open ponds, underground vaults or linear perimeter trenches; see Section 6.5.2
(p. 6-100) for basic and large sand filters, Section 6.5.3 (p. 6-120) for sand filter vaults, and Section 6.5.4

(p. 6-126) for linear sand filters. A sand layer can also be installed above an infiltration pond or vault to
treat stormwater before it infiltrates. Presettling is required prior to sand filtration if no other WQ or
detention facility precedes the sand filter.

TABLE 6.1,1!A I SELECTION OF BIOFILTRATION SWALETYPE _PRoPRIATE FOR SITE

Site Circumstances Biofiltration Swale Type

Flow enters at head of swale Wet biofiltrationswale (Section6.3.2, p.
• Longitudinalslope 1% or less OR 6-52)
• Locateddownstreamof a Level2 or3 detention

facility

Flowentersat headof swale EITHERwetbiofiltrationswale(Section
• Longitudinalslopebetween1 and2% 6.3.2), OR basicbiofiltrationswale

(Section6.3.1, p.6-37), dependingon• Soilsaturationorbaseflowslikelyinwetseason
site;mayrequireunderdrainor low-flow
drain.

Flowentersat headof swale Basicbiofiltrationswale(Section6,3.1,
• Longitudinalslope_>2% p. 6-37);may requirelow-flowdrain,

dependingonsite• Baseflowsmayormaynotbe likelyinwetseason
• NotdownstreamofLevel2 or 3 detention.

Alonga roadwayorparkinglotwith: Continuousinflowbiofiltrationswale
• Continuousinflowintothe biofilter,OR (Section6.3.3, p. 6-55)

• Numerousdiscreteinflowswithnosingleinflow
contributingmorethanabout10%oftotalswaleflow.
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SECTION6.1 WATERQUALITYMENUS

6.1.2 SENSITIVE LAKE PROTECTION MENU

Where applied: The Sensitive Lake Protection menu is applied to the watersheds of lakes that have been

determined to be particularly sensitive to phosphorus and that are being managed to reduce water quality
impacts. This menu applies to stormwater conveyed to the lake by surface flow as well as to stormwater

infiltrated within one-quarter mile of the lake in soils with high infiltration rates (i.e., measured rate

exceeding 9 inches per hour). If stormwater is infiltrated further than one-quarter mile from the lake, or if

the project is a redevelopment project, then the Basic WQ menu is applied unless the project is exempt
from Core Requirement #8 per Section 1.2.8. For precise details on the application of this and other area-
specific water quality menus, refer to Section 1.2.8, "Core Requirement #8: Water Quality."

Note: The Sensitive Lake Protection menu is a stand-alone menu. It integrates the Basic WQ menu level
of protection and the additional protection needed to achieve lake protection goals in the options
described below. When this menu is required as specified in Core Requirement #8 (see Section 1.2.8), it is
intended to replace the Basic WQ menu in the watersheds of sensitive lakes.

Treatment goal: The Lake Protection menu is designed to achieve a goal of 50 percent total phosphorus
(TP) removal for the WQ design flow or volume (defined in Section 6.2.1, p. 6-17), assuming typical
forms and concentrations of phosphorus in untreated stormwater runoff?

Basis: The Lake Protection menu will result in removal of more of the TSS load, including more of the

finer fraction of TSS, than the Basic menu. The additional increment of solids removal will also provide
enough phosphorus removal to meet the TP goal stated above.

E! LAKE PROTECTION OPTION 1 LARGE WETPOND

The 50 percent TP removal goal can be satisfied by use of a large wetpond or large combined detention
and wetpond sized so that the wetpond volume is 4.5 times the volume of runoff from the mean annual

storm, rather than 3 times the volume as in the basic pond. See Section 6.4.1.1 (p. 6-68) for the large

wetpond design, and Section 6.4.4.1 (p. 6-92) for the large combined pond design. Note: A large wetvault
option is not included in this menu since the biological processes thought to remove phosphorus do not
take place in underground vaults.

El LAKE PROTECTION OPTION 2 D LARGESAND FILTER

This option includes use of a large sand filter, large sand filter vault, or large linear sand filter. Sizing
specifications for these facilities can be found in Sections 6.5.2 (p. 6-I00), 6.5.3 (p. 6-120), and 6.5.4

(p. 6-126), respectively. Note: A presettling cell is required if the sand filter is not preceded by a Level 2
or 3 detention facility.

El LAKE PROTECTION OPTION 3--TWO-FACILITY TREATMENT TRAIN

This option involves use of one of the basic water quality treatment options, listed in Table 6.1.2.A,
followed by either a basic sand filter (Section 6.5.2, p. 6-100) or basic sand filter vault (Section 6.5.3,

p. 6-120). For dispersed flows, a linear sand filter can be used as the second facility.

AR 032055
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6.1.2 SENSITIVELAKEPROTECTIONMENU

TABLE 6,1.2.A_
PAIRED FACIL1TIESFOR LAKR PROTECTION TREATMENT TRAIN, OPTION 3

First BasicWQ Facility SecondWQ Facility

Biofiltrationswale(Sections6.3.1,6.3.2,and6.3.3) Basicsandfilteror sandfiltervault
(Section6.5.2 or6.5.3)

Filterstrip(Sections6.3.4and6.3.5) Linearsandfilter(nopresettlingcellneeded)
(Section6.5.4)

Linearsandfilter(Section6.5.4) Filterstrip(Sections6.3.4 and6.3.5)

Basicwetpond(Section6.4.1) Basicsandfilterorsandfiltervault
(Section6.5.2 or6.5.3)

Wetvault(Section6.4.2) Basicsandfilterorsandfiltervault
(Section6.5.1 or6.5.3)

Stormwaterwetland(Section6.4.3) Basicsandfilterorsandfiltervault
(Section6.5.2 or6.5.3)

Basiccombineddetentionandwetpoolfacility Basicsandfilterorsandfiltervault
(Section6.4.4) (Section6.5.2 or6.5.3)

E] LAKE PROTECTION OPTION 4m BASIC MENU PLUS PHOSPHORUS CREDIT

This option provides credit to developments that integrate land use and site design measures to prevent or
reduce the levels of phosphorus leaving the site. Credit is also given for the voluntary use of extra levels
of onsite detention, since less in-stream erosion is likely to take place with more highly controlled
stormwater releases. This reduction in in-stream erosion and bank failure translates directly into control of
the phosphorus load delivered to downstream lakes.

The measures for which credit is given are detailed below, along with the point values assigned to each of
the actions. Providing any combination of these measures equaling 10 points or more earns this credit.
The credit excuses the applicant from the requirement to provide a second water quality facility. Thus,
even though the development is located in the watershed of a sensitive lake, the water quality
requirements can be fully met with the provision of a single water quality facility from the Basic
Water Quality menu.

Credit-Earning Actions

Several land use actions and source controls are particularly effective in reducing phosphorus. These
actions are not required by this manual or other regulations; they are an alternative to end-of-the-pipe
treatment of stormwater. Credit options for phosphorus-reducing actions are described below.

1. Leaving at least 65 percent of the site undisturbed, including undevelopable land. Full credit, or
10 points, is awarded for leaving 65 percent of a site in undisturbed native vegetation or allowing
native vegetation to re-establish. Sensitive areas and their buffers may be counted. All areas for
phosphorus credit must be in tracts dedicated to the County or protected by covenant (one example of
covenant language to protect vegetated tracts from disturbance is shown in Reference section 8-I). A
descending scale of points applies where lower percentages of the site are left undisturbed. Possible
credit -- 1 to 10 points. Note: In rural residential projects, an exemption from all WQ requirements
is possible in certain situations if65% of the area is set aside in open space. See Core Requirement
#8 exemptions in Section 1.2.8.

2. Providing extra flow control Credit for providing extra flow control applies only in cases where site
runoff travels via stream or open drainage system to the sensitive lake. Voluntary use of the Level 2
flow control standard when the Level 1standard would be required = 5 points. Voluntary use of the
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SECTION6.1 WATERQUALITYMENUS

Level 3 flow control standardwhen the Level 1 standardwould be required= 8 points. Voluntary use
of the Level 3 flow control standard when the Level 2 standardwould be required= 3 points. Possible
credit = 3 to 8 points.

3. Directing runoff from pollution-generating surfaces to grassy areas with level spreading.
Directing runoff from pollution-generating areas to grassy areas that are not routinely fertilized or to
areas of native vegetation results in pollutant removals similar to those obtained in swales while also
providing an increased opportunity for infiltration. To use this option, flows must remain
unconcentrated andbe spread uniformly over the intended area. (Flow spreader details are given in
Section 6.2.6.)

In general, the vegetated areareceiving dispersed flows should be at least 25 percent as large as the
area contributing flow. The receiving area should be increased by one percent for each percent
increase in slope over four percent. The area should be configured so that the length of the flow path
is no longer than the width over which flows are dispersed.

Example:

Assume a parking lot is 100' x 600', or 60,000 sf. Flows will be dispersed through an adjacent
area of native vegetation with a slope of 8 percent.

The area of vegetation must be at least 17,400 sf (25% + 4% (for steeper slope) x 60,000 sO.
Assuming runoff is dispersed continuously along the wider edge of the parking lot, the flow path
would ne_! to be at least 29 feet (17,400'+ 600'). If the water were dispersed along the shorter
edge, flow path would be 174 feet (17,400' + 100'). However, this flow path would be longer than
the width over which flows were dispersed (100'), and would not be a satisfactory option. The
parking lot could be graded, however, so that flows would be dispersed at both of the 100 foot
ends, making each flow path 87 feet, which would be acceptable.

Credit is proportional to the total volume of runoff diverted; one point is earned for every 25 percent
of total volume so directed. Possible credit = I to 4 points.

4. Providing covered parking or covered waste disposal and recycling areas isolated from the
stormwater conveyance system. This item applies to all land uses for which covered parking for
employees, residents, guests, and the general public is provided. This can he achieved for commercial
land uses simply by covering the parking required by code. For other land uses, provision of
additional covered parking for guests or the general public (total parking) in lieu of on=street parking
can be used to provide this assurance. It is intended that covered parking would isolate the area from
stormwater run-on as well as direct rainfall. A low curb, berm, or enclosing walls, in addition to a
roof, would typicaUy be needed.

The water quality credit is proportional to the percentage of the total surface area that is effectively
covered. One point is earned for every 25 percent of parking covered and protected from run-on. One
additional point is earned if all solid waste management areas are covered and protected from
stormwater run-on. Possible credit - I to 5 points

5. Providing covered vehicle washing areas connected to the sanitary sewer system. This item
applies to commercial, industrial, and multifamily sites. Frequent car=washing can contribute
significant amounts of phosphorus to stormwater. Note that sewer districts may have pretreatment
requirements before allowing connection to the sanitary sewer. Possible credit - 3 points.

Table 6.1.2.B (p. 6-9) details the credit options and associated point totals.

Credit may be applied to the whole site or to a natural discharge area4 within the site. It may be
advantageous for a developer to concentrate only on a natural discharge area if the point total for that
particular area could equal 10. For example, assume a particular natural discharge area is one half the total

'=Thenaturaldischargeareaisonsiteareatributaryt9 a singlenaturaldischargelocation.Naturaldischargelocationmeans
thelocationwhererunoffleavestheprojectunderexistingconditions.
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6.1.2SENSITIVELAKEPROTECTIONMENU

site area. If 65 percent of the land area in the natural discharge area will remain undisturbed, that natural
discharge area is eligible for 10points (see Table 6.1.2.B). The stormwater from that natural discharge area
could be treated with a single water quality facility from the Basic WQ menu; the second facility could be
waived. The rest of the site would still have the two-facility requirement.

Alternatively, if the entire site were considered, the undisturbed area decreases to 35 percent, eligible for
only 3 points. In this case, the developer would need to implement other controls worth 7 points in order
to waive the second water quality facility for the entire site.

If the credit option is used, it should be applied for during initial drainage review by the King County
Department of Development and Environmental Services (DDES). The application should include a
written request for credit based on either the site plan or the grading plan for the project, and the
threshold discharge areas should be delineated on the plans. The request should outline where the credit

would be applied and how the point totals are to be achieved. DDES staff would then evaluate the request
and may waive the second water quality treatment requirement for the site or threshold discharge area
based on point totals outlined in Table 6.1.2.B (below). Credit is not given unless requested.

... TABLE 6.1.2,B WATER QUALITYCREDIT FOR PHOSPHORUS CONTROL

Credit Option Points Credit Option Points

Leavingsite At least65 %= 10 Coveredparking 100% parking= 4
undisturbed,in native 60 %= 9 protectedfrom run-on 75 % parking= 3
vegetation.Buffers 55 % = 8 50 % parking= 2
withouttrailsmaybe 50 % = 7 25 % parking= 1
counted. 45 % = 6

40%= 5

35 % = 4 Coveredcarwash 3
30 % -- 3 area connectedto
25 % = 2 sanitarysewer
20 % = 1 (multifamily)

Directingroadrunoff 100% ofvolume= 4 Coveredsolidwaste 1
to pervious,non- 75 % ofvolume= 3 storagearea
pollution-generating 50 %of volume= 2
vegetatedarea. 25 % of volume= 1

Extradetentionwith Level1--->Level2 = 5

nextmostrestrictive Level1-->Level3 = 8
releaserate(if
dischargeto stream) Level2-->Level3 = 3
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SECTION 6.1 WATER QUALITY MENUS

6.1.3 RESOURCE STREAM PROTECTION MENU

Where applied: The Resource Stream Protection menu S is applied to stream reaches determined to be
regionally significant because of salmon use. It applies to stormwater conveyed by surface flow to the

designated stream reach. If stormwater is infiltrated by the project, or if the project is a redevelopment

project, then the Basic WQ menu is applied unless the project is exempt from Core Requirement #8 per
Section 1.2.8. For precise details on the application of this and other area-specific water quality menus,
refer to Section 1.2.8, "Core Requirement #8: Water Quality."

Note: The Resource Stream Protection menu is a stand-alone menu. It integrates the Basic menu level of

protection and the additional measures needed to achieve stream protection goals in the options described

below. When this menu is required as specified in Core Requirement #8 (see Section 1.2.8), it is intended
to replace the Basic WQ menu in drainage areas of regionally significant stream reaches.

Treatment goal: The Stream Protection menu is designed to achieve 50 percent total zinc removal for

flows up to and including the WQ design flow or volume (defined in Section 6.2.1, p. 6-17). 6

Basis: The treatment goal is expressed in terms of total zinc removal. Although zinc is not the most toxic

metal in stormwater, it is usually present in significant amounts, making it a practical and reliable indicator
of overall performance. Many metals are readily adsorbed onto particulates in the runoff, usually the finer

fraction of the particulates. Facility combinations that remove more of the particulate load than the Basic
menu, including the finer fraction, are specified by the menu. Facilities providing organic binding sites

that enhance metal adsorption are also specified.

121STREAM PROTECTION OPTION 1 --LARGE SAND RLTER

This option includes use of a large sand filter, large sand filter vault, or large linear sand filter. Sizing

specifications for these facilities can be found in Sections 6.5.2 (p. 6-100), 6.5.3 (p. 6-120), and 6.5.4
(p. 6-126), respectively. Note: A presettling cell is required if the sand filter is not preceded by a __

detention facility.

O STREAM PROTECTION OPTION 2 _ STORMWATER WETLAND

Provision of a stormwater wetland (see Section 6.4.3, p. 6-86) or combined detention and stormwater
wetland (see Section 6.4.4, p. 6-92) satisfies the 50 percent zinc removal goal without additional facilities.
The large amount of organic material in the stormwater wetland provides organic binding sites and is

considered very effective in removing metals.

El STREAM PROTECTION OPTION 3 TWO-FACILITY TREATMENTTRAIN

This option involves use of one of the basic water quality treatment options listed in Table 6.1.3.A
(p. 6-11) followed by a basic sand filter (see Section 6.5.2, p. 6-100), sand filter vault (see Section 6.5.3,

p. 6-120), linear sand filter (see Section 6.5.4, p. 6-126), or leaf compost filter (see Section 6.5.5,
p. 6-131). The leaf compost filter is a patented treatment device which uses a specially prepared and

patented compost product to remove pollutants from stormwater.

AR 032059

s TheResourceStreamProtectionmenutargetsdifferentpollutantsthanthe lakeorbogprotectionmenus.Itdoesnot
necessarilyprovidea higherleveloftreatmentexceptforthetargetpollutant,metalcontaminants.

6 Thisgoalassumestotalzincconcentrationsforuntreatedrunoffarebetween0.10and0.25microgramsperliter(llg/I.).For
projectsthat areexpectedtogeneratehigherlevelsofmetals,suchasa miningoperation,a highertreatmentgoalmaybe
appropriate.
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6.1.3RESOURCE STREAM PROTECTION MENU

: _TABLE 6.1.3.A

PAIRED FACIIJTIES FOR _M PROTECTION TREATMENT TRAIN, OPTION 3

First Basic WQ Facility: Second WQ Facility:

Biofiltration swale (Sections 6.3.1, 6.3.2, and Basicsand filter or sand filter vault (Section 6.5.2
6.3.3) or6.5.3) or leaf compostfilter (Section 6.5.5)

Filterstrip (Sections 6.3.4 and 6.3.5) Linear sand filter (Section 6.5.4) with no
presettlingcell needed

Linear sand filter (Section 6.5.4) Filter strip(Sections 6.3.4 and 6.3.5)

Basic wetpond (Section 6.4.1) Basic sand filteror sand filter vault (Section 6.5.2
or 6.5.3) or leaf compostfilter (Section 6.5.5)

Wetvault (Section 6.4.2) Basic sand filteror sand filter vault (Section 6.5.2
or 6.5.3) or leaf compostfilter (Section 6.5.5)

Basic combined detention and wetpool facility Basic sand filteror sand filter vault (Section 6.5.2
(Section 6.4.4) or 6.5.3) or leaf compostfilter (Section 6.5.5)

Basic sand filter or sand filter vault Leaf compostfilter (Section 6.5.5)
(Sections 6.5.2 or 6.5.3). A presettling cell is
required if the sand filter is not preceded by a
detention facility.

1998Surface Water Design Manual 9/1/98
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SECTION 6.1 WATER QUALITYMENUS

6.1.4 SPHAGNUM BOG PROTECTION MENU -

Where applied: The SphagnumBog Protectionmenu7coverssphagnumbog wetlands8greaterthan0.25
acres in size? It applies to stormwater conveyed by surface flow to the sphagnum bog vegetation

community. If stormwater is infiltrated by the project, or if the project is a redevelopment project, then the
Basic WQ menu is applied unless the project is exempt from Core Requirement #8, "Water Quality." For

precise details on the application of this and other area-specific water quality menus, refer to Section 1.2.8.

Note: The Sphagnum Bog Protection menu is a stand.alone menu. It integrates the Basic WQ menu level

of protection and the additional measures needed to achieve bog protection goals in the options described
below. When this menu is required as specified in Core Requirement #8 (see Section 1.2.8), it is intended

to replace the Basic WQ menu in areas draining to sphagnum bogs.

Treatment goal: If surface water must be discharged to a bog, the treatment goal is to reduce total

phosphate by 50 percent, reduce nitrate + nitrite by 40 percent, maintain alkalinity below 10 mg/L, and
maintain pH below 6.

Basis: In their undeveloped condition, bogs are isolated from surface water, being supplied almost solely

by rainwater. The best strategy for protection of bog water quality is to infiltrate the water quality design

volume while routing high flows around the bog. Although it is not known whether alkalinity or nitrogen
can be reduced sufficiendy by the options outlined below, there axe no other technologically-feasible

alternatives at this time. An experimental design adjustment (see Section 1.4) could be pursued as
additional technology becomes available.

Q SPHAGNUM BOG PROTECTION OPTION 1,
LARGE WETPOND FOLLOWED BY LARGE SAND RLTER

This option usesa largewetpond (see Section6.4.1,p.6-67) or a large combineddetention and .....
wetpond (see Section 6.4.2, p. 6-80), sized so that the wetpond volume is 4.5 times the volume of runoff
from the mean annual storm, rather than 3 times the volume as in the Basic Water Quality menu. A large

sand filtration facility (see Section 6.5.2, p. 6-100, or 6.5.3, p. 6-120) must follow the pond. In order to
ensure that algae and sources of alkalinity from the pond are not washed from the pond into the bog, the
sand filter must be the last facility.

r'l SPHAGNUM BOG PROTECTION OPTION 2n
STORMWATER WETLAND IN SERIES WITH A LARGE SAND RLTER

This option uses a stormwater wetland (see Section 6.4.3, p. 6-86) or combined detention and

stormwater wetland (see Section 6.4.4, p. 6-92) to remove solids and enhance the concentration of
organic acids, and a large sand filter (see Section 6.5.2, p. 6-100) to remove the finer sediment for

alkalinity and nutrient reduction. The order of facilities is interchangeable since there are both
advantages and disadvantages to having the sand filter last in the train. Note: A presettling cell is required

if the first treatment facility is not preceded by a detention facility.
AR 032061

7 TheBogProtectionmenutargetsa differentsetofpollutantsthantheLakeorStreamProtectionmenus.Sincethetargeted
pollutantsare moredifficulttoremove,useoflargerand/oradditionaltreatmentfacilitiesisrequired.

8 A sphagnumbog wetlandisdefinedasa wetlandhavinga predominanceofsphagnummosscreatinga substrateuponwhich
a distinctivecommunityofacid-lovingplantsisestablished(see"Definitions"formoredetail).Thereareseveralclassification
schemesforwetlandsdominatedbysphagnummoss,anda successionalseriesfromconventionalwetlandstofensto
sphagnumbogisrecognizedbymostecologists.Somebiologistsusewaterchemistryandplantcommunitycompositionto
determinewhereinthissuccessionalseriesa wetlandshouldbeplaced. Intheseclassificationschemes,thesphagnum
wetlandsdefinedin thismanualwouldbebogs.Othersbasethe wetlandtypeonthe sourceofwater,inwhichcasemost
KingCountysphagnumwetlandswouldbefens.Thismanualhasadoptedtheclassificationschemebasedonwater
chemistryandplantcommunitiesandhencereferstothesewetlandsasbogsratherthanfens. _

s Thesizeofa sphagnumbogwetlandisdefinedbythe boundariesof the sphagnumbogplantcommunity.
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6.1.4 SPHAGNUM BOG PROTECTION MENU

El SPHAGNUM BOG PROTECTION OPTION 3m
-- LARGE SAND FILTERIN SERIES WiTH A LEAF COMPOST FILTER

This option uses a large sand filter or large sand filter vault followed by a leaf compost filter. Sizing
specifications for the large sand filters can be found in Sections 6.5.2 (p. 6-100) and 6.5.3 (p. 6-120). Leaf

compost filters are detailed in Section 6.5.5 (p. 6-131). The order of facilities is interchangeable since
there are both advantages and disadvantages to having the leaf compost filter last in the train. Note: A

presettling cell is required if the first treatment facility is not preceded by a detention facility.

El SPHAGNUM BOG PROTECTION OPTION 4mTHREE-FAClLITY TREATMENT TRAIN

This option uses one of the basic water quality treatment options followed by two other facilities.
Table 6.1.4.A lists the possible choices of facilities for this option.

.... ,i
....... : TABLE 6,1,4.A :

:::::]FA_ CO_INATIONS FOR B_'PROTEC"FION TREATMENT TRAIN, OPTION 4

First Facility Second Facility Third Facility

Biofiltration swale Leaf compostfilter* Basic sand filter (Sections
(Sections 6.3.1, 6.3.2 and 6.3.3 (Section 6.5.5) 6.5.2, 6.5.3 or 6.5.4)

Filter strip Leaf compost filter* Basic sand filter (Sections
(Sections 6.3.4 and 6.3.5) (Section 6.5.5) 6.5.2, 6.5.3 or 6.5.4)

Basic wetpond Basic sand filter Leaf compost filter*
(Section 6.4.1) (Sections 6.5.2, 6.5.3 or 6.5.4) (Section 6.5.5)

Basic combined detentionand Basic sand filter Leaf compost filter*
wetpoolfacility (Section 6.4.4) (Sections 6.5.2, 6.5.3 or 6.5.4) (Section 6.5.5)

Wetvault Basic sand filter Leaf compost filter*
(Section 6.4.2) (Sections 6.5.2, 6.5.3 or 6.5.4) (Section 6.5.5)

Stormwater wetland Basic sand filter Leaf compost filter*
(Section 6.4.3 (Sections 6.5.2, 6.5.3 or 6.5.4) (Section 6.5.5)

* Note that the order of the second and third facilities may be interchanged. Other treatment options
may be pursued through an experimental design adjustment per Section 1.4.
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SECTION6.1 WATERQUALITYMENUS

6.1.5 HIGH-USE MENU

Where applied: The High-Use menu is applied to all new and redevelopment projects that have high-use
site characteristics, as defined in Chapter 1 (see "Special Requirement# 5, Oil Control"). Oil control
devices are to be placed upstream of other facilities, as close to the source of oil generation as practical.

Note: Where this menu is applicable, it is in addition to the area-specific WQ menus.

Treatment goal: Oil control options given in the High-Use menu are designed to meet the goals of no
visible sheen or less than 10 mg/L total petroleum hydrocarbons (TPH) leaving the site.

[] OIL CONTROL OPTION 1 m CATCH BASIN INSERT

Catch basin inserts (see Section 6.6.1, p. 6-135) may be used to meet the oil control requirements for new
or redeveloped high-use sites. For new development, the criteria for flow capture given in "Design
Criteria" (p. 6-137) must be met. The flow capture criteria apply to the high-use area only, provided that
flows not subject to high use are shunted around the insert. For redevelopment sites, additional flow may
be routed through the insert if it is not possible for the site to meet the flow capture criteria without
installing new catch basins. Up to 40 percent additional flow can be directed to the insert in these cases.

All catch basin inserts must be fitted with oil sorbent media, to be changed at least monthly in wet weather
(generally October through May) and whenever the surface of the media is covered with sediment.
Acceptable sorbent media include wood fiber products, such as Absorbent W or SuperSorb; whole, green
fibrous moss such as that supplied by floral shops (must not be ground peat moss); or polymers such as
Petrolok and Streamguara rru. These media have been investigated and found to retain captured oil fairly
effectively. Cedar Grove compost was tested and found unacceptable for oil retention. Stormwater
Management's patented leaf compost mix was also tested, and although it performed fairly well. it did not
retain oil as well as the other products tested. Therefore, the leaf compost should not be used in catch
basin inserts for oil control.

Alternative media may be used if it can be shown they are substantially equivalent to the media listed
above. The method that should be used to demonstrate oil retention is given in the decision paper entitled
"Oil leachate tests for various adsorbent filter media,'" May 1994, King County Surface Water
Management Division (now Water and Land Resources Division).

[] OIL CONTROL OPTION 2 m BAFFLE OIL/WATER SEPARATOR

Baffle oil/water separators (seeSection 6.6.2, p. 6-141) may be used to treat stormwater runoff from high-
use developments and facilities that produce relatively high concentrations of oil and grease. Baffle
separators historically have been effective in removing oil having droplet sizes of 150 microns or larger. If
sized properly, they can achieve effluent concentrations as low as 10 to 15 mg/L.

[] OIL CONTROL OPTION 3 COALESCING PLATE OIL/WATER SEPARATOR

Coalescing plate separators (see Section 6.6.2, p. 6-14 l) may be used to treat stormwater runoff from high-
use developments and facilities that can produce relatively high concentrations of oil and grease. Current
technology and design of coalescing plate separators achieve effluent concentrations as low as 10 mg/L
with removal of oil droplet sizes as small as 20 to 60 microns.

AR 032063
[] OIL CONTROL OPTION 4 LINEAR SAND RLTER

The linear sand filter (see Section 6.5.4, p. 6-126) is used in the Basic and Special Resource Protection
water quality menus, as well as for oil control in the High-Use menu. However, if used to satisfy a basic
or special WQ menu, the same facility shall not also be used to satisfy the oil control requirement unless .....
enhanced maintenance is assured. This is to prevent clogging of the filter by oil so that it will function for

TSS or TP removal as well. Quarterly cleaning is required unless specified otherwise by the designer.
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6.1.5HIGH-USEMENU

Q OIL CONTROL OPTION 5_WEI'VAULTWITH BAFFLE

A wetvault may be modified to fulfill requirements for oil control provided the following are true:

1. The criteria given at the end of Section 6.4.2.2 for modification of wetvaults for use as a baffle
oil/water separators shall be met, and

2. Assurance is provided that the maintenance frequency and oil removal frequency for baffle oil/water
separators will be followed (see Section 6.6.2, p. 6-141).

E] OILCONTROLOPTION6
PARKING LOT WASHING WITH PROPER WASH WATER DISPOSAL

Quarterly washing of a parking lot may be used instead of a structural oil control measure if proper
disposal of the wash water is arranged. Proper disposal may include holding the water in a blind sump
with subsequent hauling off site, or discharge to the sanitary sewer or septic system after holding the water
for 24 hours and skimming off the oil for recycling. If wash water is discharged to a sanitary sewer or
septic tank, detergents or emulsifiers should be avoided so that subsequent separation and removal of the
oil can take place in a reasonable time frame. A waste discharge permit, issued by the King County
Department of Natural Resources, may be needed to discharge wash water to the sanitary sewer.

E! OIL CONTROL OPTION 7 D COMPUANCE WITH OTHER AGENCY REQUIREMENTS

If the site has a National Pollutant Discharge Elimination System (NPDES) permit that specifically
addresses oil control for the pollution-generating impervious surface of the site, compliance with NPDES
permit conditions is adequate to comply with the oil control requirements of Special Requirement #5.

If the area under the covered fueling island drains to the sanitary sewer, then only the remaining high-use
area actually draining to the storm drainage system (normally ingress and egress routes) need comply with
the High-Use menu.

Note: Covered fueling islands draining to the sanita_, sewer or a dead-end sump are recommended in the
Department of Ecology's Stormwater Management Manual for the Puget Sound Basin, Section IV 4.1 and
required by the King County Industrial Waste Section for new construction.

1998SurfaceWaterDesignManual 9/1/98
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

6.2 GENERAL REQUIREMENTS FOR WQ FACILITIES

This section presents the general requirements for water quality (WQ) facilities. When detail in the WQ
designs is lacking, refer to Chapter 5 for guidance. In cases where requirements are extremely costly, a
less expensive alternative that is functionally equivalent in terms of performance, environmental effects,
health and safety, and maintenance can be sought through the adjustment process (see Section 1.4).

Use of Metal Materials

Galvanized metals leach zinc into the environment, especially in standing water situations. High zinc
concentrations, sometimes in the range that can be toxic to aquatic life, have been observed in the region. 1°
Therefore, use of galvanized materials in stormwater facilities and conveyance systems is discouraged.
Where other metals, such as aluminum or stainless steel, or plastics are available, they should be used.

6.2.1 WATER QUALITY DESIGN FLOWS

Water Quality Design Flow

The water quality design flow is defined as follows:

• Preceding detention: 60% of the developed two-year peak flow rate, as determined using the
KCRTS model with 15-minute time steps calibrated to site conditions (see Chapter 3). Note: If
KCRTS is not being used on a project, the WQ design flow may also be estimated using 64% of the 2-
year 24-hour precipitation in the SBUH model. 11

* Downstream of detention: The full 2-year release rate from the detention facility.

The KCRTS model will typically be used to compute the WQ design flow. When examining the peak
flow rates associated with various runoff volumes, it was found that detained flows and undetained flows
must be described differently. However, unlike peak flows, the KCRTS model computation of volume of
runoff is unaffected by whether or not the runoff is detained. Therefore, facilities such as wetponds,
which are sized by a simple volume-based approach that does not route flows through a detention pond,
are the same size whether they precede or follow detention.

Note that facilities which are sized based on volume and which include routing of flows through a
detention pond, such as the detailed sand filter method, are significantly smaller when located downstream
of detention, even though the same volume of water is treated in either situation. This is because the

detention pond routing sequence stores peaks within the pond and releases them at a slow rate, reducing
the size of the sand fiker pond subsequently needed (the volume needed to store the peaks need not be
provided again in the sand filter pond).

Flow Volume to be Treated

When water quality treatment is required pursuant to the core and special requirements of this manual, it is
intended that a minimum of 95% of the annual average runoff volume in the time series, as determined
with the KCRTS model, be treated. Designs using the WQ design flow (as discussed above) will treat this
minimum volume.

Treatable Flows

As stated in Chapter 1, only runoff from pollution-generating surfaces must be treated using the water
quality facility options indicated in the applicable water quality menu. Pollution-generating impervious

10Finlayson,1990.UnpublisheddatafromreconnaissanceofMetroParkandRidelotstormwatercharacteristics.

11TheDepartmentofEcologyWQdesignflowisbasedontheflowpredictedbytheSBUHmodelfor64%ofthe2-year24-hour
precipitation.ThisisroughlyequivalenttotheWQdesignflowsgivenherefortheKCRTSmodel.
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SECTION6.2 GENERALREQUIREMENTSFORWQFACILITIES

surfaces(PGIS) are those impervious surfaces which are subject to vehicular use or storage of erodable or
leachable materials, wastes, or chemicals; and which receive direct rainfall or the ran-on or blow-in of
rainfall. For subdivisions, pollution-generating impervious areas typically include right-of-way
improvements (roads), parkingareasand driveways. Metal roofs arealso considered to be PGIS unless
they are treated to prevent leaching. Pollution-generating pervious suffaces(PGPS) are those non-
impervious surfaces with vegetated groundcover subject to use of pesticides and fertilizers. For
subdivisions, poUution-generating pervious areas typically include lawns and landscaped areas. Gold
courses, parks and sports fields are also typically PGPS.

The following points summarize which site flows must be treated and under what circumstances:

• All runoff from pollution-generating impervious surfaces is to be treated through the water quality
facility(ies) required in Chapter 1and specified in the Chapter6 menus.

• Runoff from lawns and landscaped areas generally overflows toward street drainage systems where it
is conveyed to treatment facilities along with the road runoff. However, sometimes runoff from
backyards drains into open space or buffer areas. In these cases, buffers may be used to provide the
requisite water quality treatment provided (1) runoff sheetflows into the buffer or a dispersal trench is
provided to disperse flows broadly into the buffer, and (2) the flow path through the pollution-
generating area is limited to about 200 feet.

• Drainage from impervious surfaces that are not pellution-generating (such as most roofs) need not
be treatedand may bypass the treatment facility. TM Roof runoff is, however, still subject to flow
control per Core Requirement #3. Note that metal roofs are considered pollution-generating unless
they are treated to prevent leaching.

• Drainage from areas in native vegetation should not be mixed with untreated runoff from streets and
driveways, if possible. It is best to infiltrate or disperse this relatively clean runoff to maximize
recharge to shallow groundwater, wetlands, and streams.

• If runoff from roofs or areas in native vegetation reaches a water quality facility, flows from those
areas must be included in the sizing calculations for the facility. Once runoff from non-pollution-
generating areas is combined with runoff from pollution-generating areas, it cannot be separated
before treatment.

6.2.2 SEQUENCE OF FACILITIES
As specified in the water quality menus, where more than one waterquality facility is used, the order is
often prescribed. This is because the specific pollutantremoval role of the second or third facility in a
treatmenttrainoften assumes that significant solids settling has already occurred. For example,
phosphorus removal using a two-facility treatment train relies on the second facility (sand filter) to remove
a finer fractionof solids than those removed by the first facility.

There is a larger question, however, of whether water quality facilities should be placed upstream or
downstream of detention facilities. In general, all water quality facilities may be installed upstream of
detention facilities, although presettling basins are needed for sand filters and infiltrationbasins. Not all
water quality facilities, however, can be located downstream of detention facilities. Those facilities that
treatunconcentrated flows, such as filter stripsand narrow-areabiofilters, will seldom be practical
downstream of detention facilities. Other facilities present special problems that must be considered
before placement downstream is advisable.

Two facilities that fall into this latter category axethe basic biofiltration swale (see Section 6.3.1, p. 6-37)
and the sand filter or sand filter vault (see Sections 6.5.2 or 6.5.3). For both of these facilities, the

12Availabledataonthequalityofroofrunoffwasexamined.Althoughthereareinstancesofpollutedroofrunoff,theytendtobe
relatedtogalvanizedroofingmaterialsorindustrialprocesses.Thereisalsodatathatsuggeststhepollutantconcentrationof
atmosphedcfalloutdecreaseswithverticalelevaUon.See"WaterQualityThresholdsDecisionPaper,'April1994,King
CountySurfaceWaterManagementDivision(nowWaterandLandResourcesDivision).
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6.2.2 SEQUENCE OF FACILITIES

prolonged low flows resulting from Level 2 or 3 flow control may interfere with facility operation. In the
case of basic biofilters, prolonged flows, generally in excess of about two weeks, will cause the grass to
die. This can be dealt with by using the wet biofilter design.

In the case of sand filters, prolonged flows may result in the sand being saturated for long periods.
Saturated sand can become anoxic (lose all oxygen) when dissolved oxygen in the pore water becomes

depleted. If the sand layer becomes anoxic, some forms of phosphorus can become soluble and be
released, negating the positive P removals achieved earlier. To prevent long periods of sand saturation,
adjustments may be necessary after the sand filter is in operation to bypass some areas of the filter,

allowing them to drain completely. It may also be possible to employ a different alternative that uses
facilities less sensitive to prolonged flows. Table 6.2.2.A summarizes placement considerations of water

quality facilities in relation to detention.

Oil control facilities must be located upstream of water quality facilities and as close to the source of oil-

generating activity as possible. They should also be located upstream of detention facilities, if possible.

TABLE,6.2.2.A WATER QUALITY FACILITY PLACEMENT IN RELATION TO DETENTION

Water Quality Facility Preceding Detention Following Detention

Basic biofiltrationswale OK OK if downstreamof Level 1
(Section 6.3.1) detention. However, prolonged

flows may cause soil saturation
and injuregrass. If downstream of
a Level 2 or 3 flow controlpond,
the wet biofiltrationswale may be
needed. (See Section 6.3.2.)

Wet biofiltrationswale OK OK
(Section 6.3.2)

Continuousinflow biofiltrationswale OK No--must be installed before flows
(Section 6.3.3) concentrate.

Filterstrip or roadway filter strip OK No--must be installed before flows
(Sections 6.3.4 and 6.3.5) concentrate.

Basic or large wetpond OK OK_ess water level fluctuation in
(Section 6.4.1) pondsdownstream of detention

may improveaesthetic qualities.

Basic or large combined detention Not applicable Not applicable
and wetpond (Section 6.4.4)

Wetvault (Section 6.4.2) OK OK

Basic or large sand filter or sand filter OK, butpresettlingand OK--sand filters downstream of a
vault (Section 6.5.2 or 6.5.3) control of floatables Level 2 or 3 flow controlpond may

needed requirefield adjustmentsif
prolonged flows cause sand
saturation and interfere withthe
phosphorusremoval mechanism.

Stormwater wetland/pond OK OK--less water level fluctuation
(Section 6.4.3) and better plant diversityare

possibleif the stormwater wetland
is located downstream of the
detention facility.
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SECTION6.2 GENERALREQUIREMENTSFORWQFACILITIES

6.2.3 SETBACKS, SLOPES, AND EMBANKMENTS

This section presents the general requirementsfor water quality facility setbacks, side slopes, fencing, and
embankments.

When locating water quality facilities near wetlands and streams, there is a potential that the water level
may be lowered. Care in the design and siting of the facility or conveyance elements associated with the
facility is needed to assure this impact is avoided. Sufficient setback of the facility from the water body is
one method to prevent impact.

O SETBACKS FROM TRACT LINE

Water quality facilities that are maintained by the County must be in tracts dedicated to the County.
Different water quality facilities and different types of side slopes Caermed vs. cut) have somewhat
different requirements for setback from the tract line or setbacks for structures on adjacent tracts; these
various requirements are given in Table 6.2.3.A (p. 6-21).

Most setbacks from tract lines are for maintenance equipment maneuverability. Setback requirements do
not apply to water quality facilities that are privately maintained, but adequate room for maintenance
equipment should be considered during site design. Restrictions on the placement of structures on
adjacent internal lots, as specified for infiltration facilities in Sections 5.4.2, 5.4.3 and 5.4.4 do however,
apply to privately maintained facilities.

121SIDE SLOPES, FENCING, AND EMBANKMENTS

Side slopes for water quality facilities should not exceed a slope of 3H:IV. Moderately undulating slopes
are acceptable and can provide a more natural setting for the facility. In general, gentle side slopes
improve the aesthetic attributes of the facility and enhance safety.

Water quality facilities must meet the following requirements for side slopes, fencing, and embankments:

1. If the water quality facility (wetpond, sand filter, or stormwater wetland) will hold standing water
deeper than 2 feet, fencing is required for interior slopes steeper than 3H: 1V. If only sections of the
slope are steeper than 3:1, barrier shrubs, such as barberry, may be used rather than fencing for
sections shorter than 20 feet. Planting climbing vines at the base of a fence can enhance its aesthetic
qualities.

2. If required, fencing shall be placed at or above the overflow water surface. Side slope and
attendant fencing requirements are not applicable to slopes above the overflow water surface. The
specific fencing requirements given in Chapter 5 (see Section 5.3) also apply to WQ facilities.

3. If facilities are privately owned and maintained, the fencing requirements of this manual are
recommended rather than required. However, the site must still comply with any fencing
requirements in other codes or regulations.

4. For facilities owned and maintained by the County, at least 25 percent of the facility perimeter shall
have interior sides no steeper than 3H:IV, even if fenced, to minimize safety risks. For private
facilities, the same is recommended rather than required.

5. Interior side slopes may be retaining walls, provided that the design is prepared and stamped by a
licensed civil engineer. A fence shall be provided along the top of the wall.

6. Exterior side slopes shall not be steeper than 2H:IV unless confirmed stable by a geotechnical
engineer.

7. Water quality facilities with embankments that impound water must comply with Washington State
dam safety regulations (WAC 173-175). Under current regulations (as of January 1996), if the
impoundment has a storage capacity (including both water and sediment storage volumes) greater than
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6.2.3 SETBACKS,SLOPES,AND EMBANKMENTS

10 acre-feet above natural ground level and a dam height of more than 6 feet, then dam safety design
and review are required by the Washington Department of Ecology (Ecology). If the storage capacity
is less than 10 acre-feet above natural ground level, then the facility is exempt from Ecology review.

If the dam height is less than 6 feet but capacity is greater than 10 acre-feet, then Ecology reviews on a
case-by-case-basis to determine the hazard potential downstream in the event of a failure.

Intent: The requirements for slopes and fencing are intended to accomplish the following objectives:

• To prevent persons from inadvertently slipping into the pond, either by providing gentle interior side

slopes (3H: 1V or gentler) or by fencing or other barrier

• To allow easy egress from the pond (gentle side slopes, safety benches, etc.) when access is not

restricted by a fence or other barrier

• To ensure interior and exterior slopes or embankments are stable and will not create a hazardous or

damaging situation.

: REQUIREMENTS• TABLE 6:3.3iA SETBACK *:

SETBACK FROM TRACT LINE

WQ FACILITY At Grade or If Facility Slope is If Slope is an
Underground Cut into Grade Embankment

Biofiltrationswale N/A See conveyance 5 feet from toe of
system require- exterior slope
ments (Section 4.1)

Fittp.rstrip 5 feet fromtoe 5 feet from toe N/A

Wetpond N/A 5 feet from emer- 5 feet from toe of
gency overflow exterior slope
water surface (WS)

Combined detention and wetpond N/A 5 feet from emer- 5 feet from toe of
gency overflow WS exterior slope

Wetvault or sand filter vault 5 feet from N/A N/A
propertyline

Sand filter ponding area N/A 5 feet from emer- 5 feet from toe of
gency overflow WS exterior slope

Linear sand filter 5 feet from N/A N/A
property line

Leaf compost filter ponding area 5 feet from 5 feet from emer- 5 feet from toe of
propertyline gency overflow WS exterior slope

* Greater setback distances are requiredwhenever expresslystated or referenced in this manual or
when required by other County codes or other agencies. Steep slopes, land slide areas, open water
features, springs,wells, and septictank drainfieldsare features that often have additional setback
requirements. Some typical setback distances imposedby the Seattle-King County Department of
Public Health includethe following:

• Open water features: 100 feet

• Wells: 100 feet

• Springs used for potable water: 200 feet

• Septic tank drainfields:100 feet for open ponds. Wetvaults or tanks are usually considered
._ watertightand oftenhave no specificsetback requirements. However, tanks or vaults must not

be located so that they could impede downgradientsubsurface effluent flows.
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SECTION6.2 GENERALREQUIREMENTSFORWQFACILITIES

6.2.4 FACILITY LINERS

Water quality facilities in which water is in direct contact with the soil must be lined with either a low
permeability liner or a treatment liner when the soil does not have properties which reduce the risk of
groundwatercontamination from stormwater runoff that may infiltrate in the facility. Such properties are
defined and determined as specified in the "GroundwaterProtection" requirements for infiltration facilities
in Section 5.4.1. In short, a liner is required if the soil has an infiltration rate la greater than 9 inches per
hour (0.15 inches per minute) and does not meet any of the other soil property criteria requiredfor
groundwater protection in Section 5.4.1. In areas designated as sole-source aquifers, this liner
requirementapplies when the soil infiltration rate exceeds 2.4 inches per hour (0.04 inches per minute)
and the other soil property criteriafor sole-source aquifers are not met. If detention ponds are used in soils
with infiltration rates above the specified rates, either water quality treatment facilities must precede the
detention pond, or the detention pond must also be lined.

In addition to groundwaterprotection considerations, some facility types require permanentwater for
properfunctioning. An example is the first cell of a wetpond.

Low permeability liners reduce infiltration to a very slow rate, generally less than 0.02 inches per hour
(1.4 x 10.5era/s). Low permeability liners may be fashioned from compacted till, clay, geomembrane, or
concrete as detailed in Section 6.2.4.1 (p. 6-24). Till liners arepreferredbecause of their general
resilience and ease of maintenance.

Treatment liners amend the soil with materials that treat stormwater before it reaches more freely
draining soils. They have slow rates of infiltration, generally less than 2.4 inches per hour (1.7 x 103
crrds), but not as slow as low permeability liners. Treatment liners may use in-place native soils or
imported soils. Options for this type of liner include a fine sand layer or a soil layer which has high
organic content; see Section 6.2.4.2 (p. 6-25) for more option details.

Intent: In soils with high rates of infiltration, the potential exists for the transfer of pollutants from
stormwater to groundwater before treatment in water quality facilities occurs. Liners are intended to
reduce the likelihood that pollutants in stormwater will reach the groundwater when WQ treatment
facilities are constructed in soils with high infiltration rates. A more conservative infiltration rate is used
as the lining threshold for WQ facilities in sole-source aquifer areas. This is because the potential
consequences of pollutant transfer are more serious in these areas.

General Design Criteria

1. Table 6.2.4.A (p. 6-23) recommends the type of liner generally best suited for use with various water
quality treatment facilities.

2. Liners shall be evenly placed over the bottom and/or sides of the treatment area of the facility as
indicated in Table 6.2.4.A. Areas above the treatment volume that are required to pass flows greater
than the water quality treatment flow (or volume) need not be lined. However, the lining must be
extended to the top of the interior side slope and anchored if it cannot be permanently secured by other
means.

3. For low permeability liners, the following criteria apply:

a) Where the seasonal high groundwater elevation is likely to contact a low permeability liner, liner
buoyancy may be a concern. A low permeability liner shall not be used in this situation unless
evaluated and recommended by a geotechnical engineer.

b) Where grass must be planted over a low permeability liner per the facility design, a minimum of 6
inches of good topsoil or compost-amended native soil (2 inches compost tilled into 6 inches of
native soil) must be placed over the liner in the area to be planted. Twelve inches is preferred.

13InfiltrationratescaneitherbemeasuredinthefieldusingmethodsgiveninChapter5 orinferredfromtheUSDAsoiltextural
triangle(showninSection5.4.1). If inferred,themeasuredinfiltrationrateisassumedlessthan9inchesperhourforallsoil
textureclassesexceptsandandloamysand.
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6.2.4 FACILITYLINERS

C) If an identification sign is required for the facility (see detention pond requirements in

Section 5.3.1), the face of the sign shall bear a note indicating the facility is lined to protect water
quality. In addition, the back of the sign shall include information indicating which facilities are

lined, the extent of lining, the liner material used, the liner thickness (if clay or till), and the type
and distance of the marker above the liner (if a geomembrane). This information need only be
readable by someone standing at arms-length from the sign.

4. If a treatment liner will be below the seasonal high water level, the pollutant removal performance of

the liner must be evaluated by a geotechnical or groundwater specialist and found to be as protective
as if the liner were above the level of the groundwater.

See Sections 6.2.4.1 and 6.2.4.2 for more specific design criteria on the various options for low
permeability liners and treatment liners.

TABLE 6.2.4.A LINING TYPES:RECOMMENDED FOR WQFACILrrI_

WQ Facility Area to be Lined Type of Liner Recommended

Basic biofiltrationswale Bottomand sides Treatment liner

Wet biofiltrationswale Bottom and sides Low permeability liner (If the
swale will interceptthe seasonal
highgroundwater table, a
treatment liner is recommended.)

Continuousinflow biofiltration Bottom and sides Treatment liner
swale

Filter st_p, narrow-area filter Bottom Treatment liner
strip

Wetpond First cell: bottom and sides to Low permeability liner (If the cell
WQ design water surface will interceptthe seasonal high

groundwater table, a treatment
liner is recommended.)

Second cell: bottomand sides Treatment liner
to WQ design water surface

Combined detention/WQ First cell: bottom and sides to Low permeability liner (If the cell
facility WQ design water surface will interceptthe seasonal high

groundwatertable, a treatment
liner is recommended.)

Second cell: bottom and sides Treatment liner
to WQ designwater surface

Wet vault Not applicable No linerneeded

Stormwaterwetland Bottom and sides, both cells Low permeability liner (If the
facility will interceptthe seasonal
highgroundwater table, a
treatment liner is recommended.)

Sand filter Pond sides only Treatment liner

Sand filter vault Not applicable No linerneeded

Linear sand filter Not applicable if invault No linerneeded

Bottom and sides of presettling Low permeabilityor treatment
cell if not in vault liner

Leaf compost filter (in vault) Not applicable No linerneeded
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SECTION6.2 GENERALREQUIREMENTSFORWQFACILITIES

6.2.4.1 DESIGN CRITERIA FOR LOW PERMEABILITY LINER OPTIONS

This section presents the design criteriafor each of the following four low permeability liner options: .....

• Compactedtill liners

• Clay liners

• Geomembrane liners

• Concrete liners.

O COMPACTED TILL UNERS

1. Liner thickness shall be 18 inches after compaction.

2. Soil shall be compacted to 95% minimum dry density, modified proctor method (ASTM D-1557).

3. A different depth and density sufficient to retard the infiltration rate to 2.4 x l05 inches per minute
(1 x l0 "6cm/s) may also be used in lieu of Criteria 1and 2.

4. Soil should be placed in 6 inch lifts.

5. Soils may be used that meet the following gradation:

Sieve Size PercentPassing

6 inch 100

4 inch 90

#4 70 - 100

#200 20 - 100

121CLAY LINERS

1. Liner thickness shall be 12 inches.

2. Clay shall be compacted to 95% minimum dry density, modified proctor method (ASTM D-1557).

3. A different depth and density sufficient to retard the infiltration rate to 2.4 x 10.5 inches per minute
(1 x 10.6 crrgs) may also be used in lieu of Criteria 1 and 2.

4. The slope of clay liners must be restricted to 3H:IV for all areas requiring soil cover; otherwise, the
soil layer must be stabilized by another method so that soil slippage into the facility does not occur.
Any alternative soil stabilization method must take maintenance access into consideration.

5. Where clay liners form the sides of ponds maintained by the County, the interior side slope must not
be steeper than 3:1, irrespective of fencing. This restriction is to ensure that anyone falling into the
pond may safely climb out. The same criterion is recommended for privately owned and maintained
ponds.

GEOMEMBRANE LINERS

l. Geomembrane liners shall be UV resistant and have a minimum thickness of 30 millimeters. A

thickness of 40 millimeters shall be used in areas of maintenance access or where heavy machinery
must be operated over the membrane.

2. Geomembranes shall be bedded according to the manufacturer's recommendations.

AR 032072
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6.2.4 FACILITYLINERS

3. Liners shall be installed so that they can be covered with 12 inches of top dressing forming the bottom
and sides of the water quality facility? 4 Top dressing shall consist of 6 inches of crashed rock covered
with 6 inches of native soil. The rock layer is to mark the location of the liner for future maintenance
operations. As an alternative to crashed rock, 12 inches of native soil may be used if orange plastic
"safety fencing" or another highly-visible, continuous marker is embedded 6 inches above the
membrane.

4. If possible, liners should be of a contrasting color so that maintenance workers are aware of any areas
where a liner may have become exposed when maintaining the facility.

5. Geomembrane liners shall not be used on slopes steeper than 5H: 1V to prevent the top dressing
material from slipping. Textured liners may be used on slopes up to 3H:1V upon recommendation by
a geotechnical engineer that the top dressing will be stable for all site conditions, including
maintenance.

r-I CONCRETE LINERS

1. Portland cement liners are allowed irrespective of facility size, and shotcrete may be used on slopes.
However, specifications must be developed by an engineer who certifies the liner against cracking or
losing water retention ability under expected conditions of operation, including facility maintenance
operations. Weight of maintenance equipment can be up to 80,000 pounds when fully loaded.

2. Asphalt concrete may not be used for liners due to its permeability to many organic pollutants.

3. If grass is to grown over a concrete liner, slopes must be no steeper than 5I-I:1V to prevent the top
dressing material from slipping.

6.2.4.2 DESIGN CRITERIA FOR TREATMENT LINER OPTIONS

This section presents the design criteria for each of the following two treatment liner options:

• Sand layer

• Organic layer.

Q SAND LAYER

1. A two-foot thick layer of sand can be used as a treatment layer beneath a water quality or detention
facility if it is equivalent or finer than one of the following:

a) The sand filter specification given in Table 6.5.2.C (p. 6-109)

b) One of the following specifications:

OptionI Option 2
SieveSize MinimumPercentPassing MinimumPercentPassing

#4 75 75

#40 25 50

#200 5 2

2. Certification shall be provided to the DDES inspector that the sand meets one of the above criteria.
Such certification can be provided by the sand supplier or by a soils testing laboratory.

_aAnexceptionisthelinearsandfilterwhichdoesnotrequireasoiltopdressingtotheliner.
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SECTION6.2 GENERALREQUIREMENTSFORWQFACILITIES

3. In-place soils may be substituted for sandif they meet one of the above criteria as demonstrated by
testing one soil sample per 1,000 squarefeet of facility area. Each sample shall be a composite of
subsamples taken throughout the depth of the treatmentlayer.

121 ORGANIC SOIL LAYER

1. A two-foot thick layer of soil with a minimum organic content of 5% AND a minimum cation
exchange capacity (CEC) of 5 milliequivalents/100 grams can be used as a treatment layer beneath a
water quality or detention facility.

If a thicker layer of treatment soil is available, the organic content and CEC requirements can be
reduced by 1/2 unit for each additional foot of soil thickness provided.

Example

If the treatment liner will be 4 feet thick, 2 feet more than the required 2 feet, the organic content
may be reduced by 1/2 x 2 = 1 unit. The organic content could then be 4%, and the CEC
requirementcould be 4 milliequivalents/100 grams and still meet the groundwaterprotection
criteria.

2. Organic content shall be measured on a dry weight basis using ASTM D2974.

3. Cation exchange capacity (CEC) shall be tested using EPA laboratory method 9081.

4. Certification by a soils testing laboratory that imported soil meets the organic content and CEC
criteria above shall be provided to the DDES inspector.

5. Animal manures used in treatment soil layers must be sterilized because of potential for bacterial
contamination of the groundwater.

6. To demonstrate that in-place soils meet Requirement I above, one sample per 1,000 square feet of
facility area shall be tested. Each sample shall be a composite of subsamples taken throughout the __ .
depth of the treatment layer (usually two to six feet below the expected facility invert).

7. If a reduction in the organic content and CEC criteria is sought because the treatment layer is thicker
than 2 feet, soil tests must represent the entire treatment layer.
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6.2.5 FLOWSPLITTERDESIGNS

6.2.5 FLOW SPLITTER DESIGNS

Most water quality facilities can be designed as flow-through, or on.line, systems with flows above the
water quality design flow or volume simply passing through the facility untreated. However, it is
sometimes desirable to restrict flows to waterquality treatment facilities andbypass the remaining higher
flows around them (off-line facilities). This can be accomplished by splitting flows in excess of the water
quality design flow upstreamof the facility and diverting higher flows to a bypass pipe or channel. The
bypass typically enters a detention pond orthe downstreamreceiving drainagesystem, depending on flow
control requirements. In most cases, it is a designer'schoice whetherWQ facilities are designed as on-line
or off-line; an exception is oil/water separators,which must be designed off-line.

A crucial factor in designing flow splitters is to ensure that low flows are delivered to the treatmentfacility
up to the WQ design flow rate. Above this rate, additionalflows arediverted to the bypass system with
minimal increase in head at the flow splitter structureto avoid surcharging the water quality facility under
high flow conditions.

Flow splitters are typically catch basins or vaults with concrete baffles. In place of baffles, the splitter
mechanism may be a half tee section with a solid top and an orifice in the bottom of the tee section. A full
tee option may also be used (see "Design Criteria"below). Two possible design options for flow splitters
are shown in Figure 6.2.5.A and Figure 6.2.5.B. Otherequivalent designs that achieve the result of
splitting low flows, up to the WQ design flow, into the WQ treatmentfacility and divert higher flows
around the facility are also acceptable.

6.2.5.1 METHODS OF ANALYSIS

Flow splitters may be modeled using the two outlet reservoir routine as described in Section 3.2.4, Storage
Routing. The stage/discharge relationship of the outflow pipes should be determined using the backwater
analysis techniques in Chapter 5. The orifice shall be sized per Section 5.3.4.2. Weirs should be analyzed
as sharp-crested weirs.

6.2.5.2 DESIGN CRITERIA

General

1. A flow splitter shall be designed to deliver the required water quality design flow rate specified in
Section 6.2.1 (p. 6-17) to the WQ treatment facility. For the basic size sand filter, which is sized
based on volume, use the WQ design flow rate to design the splitter. For the large sand filter, use the
2-year flow rate.

2. The top of the weir shall be located at the water surfacefor the design flow. Remaining flows enter
the bypass line. Flows modeled using the KCRTS program should use 15-minute time steps.

3. The maximum head shall be minimized for flow in excess of the water quality design flow.
Specifically, flow to the WQ facility at the 100-year water surface shall not increase the design WQ
flow by more than 10%.

4. Either design shown in Figure 6.2.5.A (p. 6-29) or Figure 6.2.5.B (p. 6-30) may be used. Equivalent
designs are also acceptable.

5. Special applications, such as roads, may require the use of a modified flow splitter. The baffle wall
may be fitted with a notch and adjustable weir plate to proportion runoff volumes other than high
flows.

6. For ponding facilities, backwater effects must be included in designing the height of the standpipe in
the catch basin.
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SECTION6.2 GENERALREQUIREMENTSFORWQFACILITIES

7. Ladderor step and handhold access (perKing County Road standards) shall be provided. If the weir
wall is higher than 36 inches, two ladders, one to either side of the wall, arerequired.

Material Requirements

1. The splitter baffle shall be installed in a Type 2 catch basin or vault.

2. The baffle wall shall be made of reinforced concrete or another suitable material resistant to

corrosion, and have a minimum 4-inch thickness. The minimum clearance between the top of the
baffle wall and the bottom of the catch basin cover shall be 4 feet; otherwise, dual access points shall
be provided.

3. All metal parts shall be corrosion resistant. Examples of preferred materials include aluminum,
stainless steel, and plastic. Zinc and galvanized materials are discouraged because of aquatic toxicity.
Painting metal parts shall not be allowed because of poor longevity.
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6.2.5 FLOW SPLIq'TER DESIGNS

I UFIGURE 6.2.5.A FLOW SPLITTER, OPTION A
i

to bypass conveyance

_ systemor detentionpond

A A

,i___ "_kr_'X_--_einforcedbafflewall grouted

to M.H. structure(both ends)

<_ to WQ facilityinflow
PLAN VIEW

NTS
round solid lid

(KCRS dwg 2-022 and 2-023)

or provide separate
accessto either side

Handholdand steps or -- of baffle wall
ladderaccess (provide

laddersto bothsidesof
wall if weir > 36" high).

WQ desi
surface elevation

E2_ to water quality facilityinflow

2' min.

bypasspipe
4" min. thickness --

reinforcedconcrete SECTION A-A
baffle wall or other

suitable material NTS

Note: The water quality dischargepipe may require
an orificeplate be installedonthe outletto control
the heightof the designwater surface(weirheight).
The designwater surfaceshouldbe set to provide
a minimunheadwater/diameterratioof 2.0 onthe
outletpipe.
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]1 FIGURE 6.2.5.B FLOW SPLITTER,,OPTION B , II -

to bypass conveyance

system ordetention pond

1L_ _ --baffle to controlfloatables

L.._ dia. of standpipe*

\ (2 x dia. of outletpipe

recommendedas

type - 2 C.B. _tarting point)
no basechannelreq'd v _--_"_ A

PLAN VIEW
NTS to water qualityfacility

roundsolidlid
(see KCRS dwg2-022 and 2-023)

baffleto controlfloatables
or providespillcontrolupstream

top of pipeat WQ
designwater surface of riserat designWS elevation

elevationand head
lossesinoutlet pipe

"tee" sectionwithcleanout
inflow_ (or removable bend-down elbow)

to waterquality
facility

ladder(typ.)

orificesized to pass
WQ designflow

SECTION A-A
NTS

* NOTE: Diameter (d) of standpipeshouldbe large
enoughto minimizehead aboveWQ designWS
and to keepWQ designflows from increasing
morethan 10% during100-year flows.
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6.2.6 FLOW SPREADING OPTIONS

6.2.6 FLOW SPREADING OPTIONS

Flow spreaders function to uniformly spreadflows across the inflow portion of waterquality facilities
(e.g., sand filter, biofiltration swale, or filter strip). There are five flow spreader options presented in this
section:

• Anchored plate (Option A)

• Concrete sump box (Option B)

• Notched curb spreader (Option C)

• Through-curb ports (Option D)

• Interrupted curbing (Option E).

Options A through C can be used for spreading flows that are concentrated. Any one of these options can
be used when spreading is required by the facility design criteria. Options A through C can also be used
for unconcentrated flows, and in some cases must be used, such as to correct for moderate grade changes
along a filter strip.

Options D and E are only for flows that are already unconcentrated and enter a filter strip or continuous
inflow biofiltration swale. Other flow spreader options are possible with approval from DDES.

6.2.6.1 DESIGN CRITERIA FOR FLOW SPREADER OPTIONS

GeneralDesignCriteria
1. Where flow enters the flow spreader through a pipe, it is recommended tha: the pipe be submerged to

the extent practical to dissipate energy as much as possible.

2. For higher velocity inflows (greater than 5 cfs for the 100-yr storm), a Type 1 catch basin should be
positioned in the spreader, and the inflow pipe should enter the catch basin with flows exiting through
the top grate. The top of the grate should be lower than the level spreader plate, or if a notched
spreader is used, lower than the bottom of the v-notches.

3. Table 4.2.2.F in Chapter 4 provides general guidance for rock protection at outfalls.

1:2OPTIONA--ANCHOREDPLATE(FIGURE6,2.6.A)
1. An anchored plate flow spreader shall be preceded by a sump having a minimum depth of 8 inches

and minimum width of 24 inches. If not otherwise stabilized, the sump area shall be lined to reduce
erosion and to provide energy dissipation.

2. The top surface of the flow spreader plate shall be level, projecting a minimum of 2 inches above the
ground surface of the water quality facility, or v-notched with notches 6 to 10 inches on center and 1
to 6 inches deep (use shallower notches with closer spacing). Alternative designs are allowed.

3. A flow spreader plate shall extend horizontal!.y beyond the bottom width of the facility to prevent
water from eroding the side slope. The horizontal extent should be such that the bank is protected
for all flows up to the 100-year flow or the maximum flow that will enter the WQ facility.

4. Flow spreader plates shall be securely fixed in place.

5. Flow spreader plates may be made of either wood, metal, fiberglass reinforced plastic, or other
durable material. If wood, pressure treated 4 by 10-inch lumber or landscape timbers are acceptable.

6. Anchor posts shall be 4-inch square concrete, tubular stainless steel, or other material resistant to
decay.
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Q OPTION B-- CONCRETE SUMP BOX (RGURE 6.2.6.B)

I. The wall of the downstream side of a rectangular concrete sump box shall extend a minimum of 2
inches above the treatment bed. This serves as a weir to spread the flows uniformly across the bed.

2. The downstream wall of a sump box shall have "wing walls" at both ends. Side walls and returns
shall be slightly higher than the weir so that erosion of the side slope is minimized.

3. Concrete for a sump box can be either cast-in-place or precast, but the bottom of the sump shall be
reinforced with wire mesh for cast-in-place sumps.

4. Sump boxes shall be placed over bases that consists of 4 inches of crushed rock, 5/8-inch minus to
help assure the sump remainslevel.

Q OPTION C-- NOTCHED CURB SPREADER (RGURE 6.2.6.C)

Notchedcurbspreadersectionsshallbemadeof extrudedconcretelaid sideby sideand level. Typically
five "teeth" per four-foot section provide good spacing. The space between adjacent "teeth" forms a v-
notch.

E! OPTION D--THROUGH-CURB PORTS (FIGURE 6.2.6.D)

Unconcentratedflows frompavedareasenteringfilter stripsorcontinuousinflowbiofiltrationswalescan
usecurbportsorinterruptedcurbs(OptionE) toallow flowsto enterthestripor swale. Curb portsuse
fabricatedopeningsthat allowconcretecurbingto bepouredorextrudedwhilestillprovidinganopening
throughthecurbto admit watertothe WQ facility.

Openingsin the curb shallbeatregularintervalsbut at leastevery6 feet (minimum). The width of each
curbport openingshallbea mimmumof 11inches.Approximately15 percentormoreof thecurbsection
lengthshouldbe in openports,andnoport shoulddischargemore thanabout10percentof the flow.

121OPTION E-- INTERRUPTED CURB (NO RGURE)

Interrupted curbs am sectionsof curbplacedto havegapsspacedatregularintervalsalongthe total width
(or length, depending on facility) of the treatment area. At a minimum, gaps shall be every 6 feet to allow
distribution of flows into the treatment facility before they become too concentrated. The opening shall be
a minimum of 11 inches. As a general rule, no opening should discharge more than 10 percent of the
overall flow entering the facility.
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6.2.6 FLOW SPREADING OPTIONS
I i m

II I I

I FIGURE 6"2°6"A FLOW SI_READER OPTION A "° ANCI'IORED PLATE II

Example of anchored plate
used with a sand filter*
(may also be used with other
water quality facilities).

See Table 4.2.2.F for

"-xrQr_A /f guidanceonrockinlet pipe protectionat outfalls.

v-notched or level _ _ x_ 1.1L_/_

plate spreader _---\ t' nC_wV_o_._ _- Extend into slope to protect, \ / from the 100 year flow or
• the highest flow entering

water quality facility.-, . \ . __U II . F--=-L-
EC:::do-- _ ,C::_o-- _ _-c:5o- _

spaced 6' O.C.

_____ riprap as specifiedin WQor at each end facility designs
if width < 6' _ ...._

Lb'A pond side slope
k_

*sand filter may use other
spreading options

PLAN VIEW
NTS

_S rock rip rap sand layer
2" min. -_ nin.)_," min. /_- gravel layer

'_l "__8_ existing_.:__ grade
inlet pipe_ __

24" (min) _ level spreader plate boltedto anchor post
\ 2' (min) embedded into existingground

Alternative Desi_ln
Catch basin recommended for SECTION A-A
higher flow situations (generally NTS
for inflowvelocitiesof 5 fps or
greater for 100 year storm).
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FIGURE 6.2.6.B FLOW SPREADER OPTION B: CONCRETE SUMP BOX

Example of a concrete sump flow
spreader usedwith a biofiltrationswale
(may be used with other WQ facilities).

/--- sidewith wingwalls

see note

concrete sump \ / swale bottom

oua,,n0a00a0 I
inlA 7e_; \ [ I_o'_ __.+A

t Jl
seeTable422A J_'_ I'l_a I - " -i

for guidance on
rock protection PLAN VIEW

at outfalls NTS

_j_f inlet pipe wing wall :uUine

'F/l I [" 2 :in. clearance__ l rJ___ _ I_ _hnhN_nh_nhnhnhnhn_nhnl_nhnhnhn_/_ah/_nh_r
"_P_\\X__ 8"(rain.)!N ....................................

_;_;;;_:-'3;2" concrete sump

(4"wall thickness) •
Note: Extendsides into slope. Height of
sidewall and wing walls must be sufficient SECTION A-A
to handle the 100-year flow or the highest NTS
flow enteringthe facility.

SECTION B-B
NTS
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6.2.6 FLOW SPREADING OPTIONS

I FIGURE 6.2.6.C FLOW SPREADER OPTION C: NOTCHED CURB SPREADER JJ

. 48"/section (typ) .j
B

PLAN VIEW
A A NTS

B
, . : : .

, t * i ,

FRONT VIEW A-A
NTS

now "Note: See Table 4.2.2.A <
for guidance on rock
protection at outfalls. 2 - #5 rebar or

SECTION B reinforce as necessary

NTS

II u

II FIGURE 6.2.6.D FLOW SPREADER OPTION D: THROUGH-CURB PORT [I

reinforced concrete curb _ __.,.,_

¢ _,'_>k_, _/, t "'--opening 1 min.
\

_-- grass filter strip

CURB PORT
NTS
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

6.3 BIOFILTRATION FACILITY DESIGNS

This section presents the methods, details of analysis, and design criteria for biofiltration swales and filter

strips. Included in this section are the following specific facility designs:

, Basic Biofiltration Swales, Section 6.3.1

, Wet Biofiltration Swales, Section 6.3.2

* Continuous Inflow Biofiltration Swales, Section 6.3.3

• Basic Filter Strips, Section 6.3.4

• Narrow Area Filter Strips, Section 6.3.5.

The information presented for each facility is organized into the following two categories:

1. Methods of Analysis: Contains a step-by-step procedure for designing and sizing each facility.
Information presented in the procedure is based on available literature, but clarified or modified where
deficiencies were identified, is

2. Design Criteria: Contains the details, specifications, and material requirements for each facility.

6.3.1 BASIC BIOFILTRATION SWALES

A biofiltration swale is an open, gently sloped, vegetated channel designed for treatment of stormwater
(see the details in Figure 6.3.1.A through Figure 6.3.1 .E beginning on page 6-49). The primary pollutant

removal mechanisms are filtration by grass blades which enhance sedimentation, and trapping and
adhesion of pollutants to the grass and thatch. Biofiltration swales generally do not remove dissolved

pollutants effectively.

Applications and Limitations

A biofiltration swale is designed so that water will flow evenly across the entire width of a densely-

vegetated area. A swale can be designed for both treatment and conveyance of onsite stormwater flow.
This combined use can reduce development costs by eliminating the need for separate conveyance

systems.

Biofiltration swales are best applied on a relatively small scale (generally less than 5 acres of impervious
surface). They work well along roadways, driveways, and parking lots. Swales are more costly to apply

in situations where the swale channel would be deep; in deep swales, self-shading can inhibit the

necessary grass growth, resulting in poor pollutant removal performance. Some specific considerations for
biofiltration swale applications are as follows:

• A biofiltration swale should not be located in a shaded area. For healthy grass growth, a swale

should receive a minimum of 6 hours of sunlight daily during the summer months throughout the
length of the swale.

• To maintain healthy grass growth, a swale must dry between storms. It should not receive
continuous base flows (such as seepage from a hill slope throughout the winter) or be located in a high

groundwater area, because saturated soil conditions will kill grass. If these conditions are likely to
occur, design options are given under "Design Criteria" (p. 6-41), or the wet biofiltration swale design

can be used (see Section 6.3.2, p. 6-52, for details).

• Stormwater runoff carrying high concentrations of oil and grease impairs the treatment capability

of a swale. Oil control options given in Section 6.6 (p. 6-135) should be applied in these situations.

_sSuchmodificaUonsareoftenbasedoncomputermodelingusingtheKingCountyRunoffTimeSeries(KCRTS)model.
Occasionallytheywerebasedonbench-scalestudies.Back-upstudiesarelistedinReferenceSection5.
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• Modifying an existing drainage ditch to create an engineered bioflltration swale may be difficult
due to physical constraints and because ditches often serve as conveyance for flows from larger offsite
areas.

* Utilities may be located in swale side slopes above the WQ design depth. However, the repair or
placement of utilities in swale side slopes requires aggressive implementation of erosion control
practices to prevent soil and sediment from reaching the treatment area of the swale.

Note: Consult the water quality menus in Section 6.1 (p. 6-3)for information on how this facility can be
used to meet Core Requirement # 8. Also see Table 6.1.1.A on page 6-5for guidance on which type of
biofiltration swale(basic, wet or continuous inflow)to use for a given set of site characteristics.

6.3.1.1 METHODS OF ANALYSIS

Biofiltration swale sizing is based on several variables, including the peak water quality design flow,
longitudinal slope, vegetation height, bottom width, side slope, required hydraulic residence time (i.e., the
time required for flow to travel the full length of the swale), and design flow depth. Swales sized and built

using the method of analysis outlined in this section and the required design criteria presented in Section
6.3.1.2 are expected to meet the Basic Water Quality menu goal of 80% TSS removal. Procedures for
sizing swales are summarized below.

Step 1: Calculate design flows. The swale design is based on the water quality design flow Qwq(see
Section 6.2.1, p. 6-17, for a definition of water quality design flow). If a biofllter is used for conveyance,
the capacity requirements of Core Requirement #4 must be met. These flows must be estimated using the
hydrologic analysis procedures described in detail in Chapter 3. If the swale is located downstream of an
onsite detention facility, the swale design flow should correspond to the 2-year release rate from the
detention facility.

Step 2: Calculate swale bottom width. The swale bottom width is calculated based on Manning's
equation for open-channel flow. This equation can be used to calculate discharges as follows: _

Q = 1.49 ARO.67sO.5 (6-1)
n

where Q = flow rate (cfs)
n = Manning's roughness coefficient (unitless)
A = cross-sectional area of flow (st')

R = hydraulic radius (ft) -- area divided by wetted perimeter
s - longitudinal slope (ft/ft)

For shallow flow depths in swales, channel side slopes are ignored in the calculation of bottom width. Use
the following equation (a simplified form of Marming's formula) to estimate the swale bottom width:

O.wqnwq (6-2)b =
1.49yl.67s°-5

where b = bottom width of swale (ft)
Qwq= water quality design flow (cfs)

nwq= Manning's roughness coefficient for shallow flow conditions = 0.20 (unitless)
y = design flow depth (ft)
s = longitudinal slope (along direction of flow) (ft/ft) AR 032085

See "Water Depth and Base Flow" (p. 6-42) to determine the allowable design water depth. Proceed to
Step 3 if the bottom width is calculated to be between 2 and 10feet.
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A minimum 2-foot bottom width is required. Therefore, if the calculated bottom width is less than 2 feet,
increase the width to 2 feet and recalculate the design flow depth y using Equation (6-3) as follows:

( Qwqn.q 3/5 (6-3)
r -

where Q_, n_, and s are the same values as used in Equation (6-2), but b = 2 feet.

The maximum bottom width is 10 feet; therefore if the calculated bottom width exceeds 10 feet. then one

of the following steps is necessary to reduce the design bottom width:

* Increase the longitudinal slope s to a maximum of 6 feet in 100 feet (0.06 feet per foot).

• Increase the design flow depth y to a maximum of 4 inches (0.333 feet).

• Reduce the design flow rate by rearranging the swale location with respect to detention facilities; a
swale located downstream of a detention facility may have a lower flow rate due to flow attenuation in
the detention facility. However, if a swale is located downstream of a detention pond providing Level
2 or Level 3 flow control, and it is located in till soils (according to the KCRTS soil group in Chapter
3), then the swale must be designed as a wet biofiltration swale (see Section 6.3.2, p. 6-52).

• Place a divider lengthwise along the swale bottom (cross section) at least three-quarters of the swale
length (beginning at the inlet), without compromising the design flow depth and swale lateral slope
requirements. See "Design Criteria" (p. 6-41) for swale divider requirements. A flow spreader must
be provided at the inlet to evenly divide flows into each half of the swale cross section. See Section
6.2.6 (p. 6-31) for details on flow spreaders.

Step 3: Determine design flow velocity. To calculate the design flow velocity through the swale, use the
flow continuity equation:

Qwq (6-4)
=

where V_q= design flow velocity (fps)
A_j= by + Zy2= cross-sectional area (sf) of flow at design depth
Z = side slope length per unit height (e.g., Z = 3 if side slopes are 3H: 1V)

If the design flow velocity exceeds 1foot per second, go back to Step 2 and modify one or more of the
design parameters (longitudinal slope, bottom width, or flow depth) to reduce the design flow velocity to
1foot per second or less. If the design flow velocity is calculated to be less than 1foot per second,
proceed to Step 4. Note: It is desirable to have the design velocity as low as possible, both to improve
treatment effectiveness and to reduce swale length requirements.

Step 4: Calculate swale length. Use the following equation to determine the necessary swale length to
achieve a hydraulic residence time of at least 9 minutes (540 seconds):

L = 540V_ (6-5)

where L = minimum allowable swale length if-t)
Vwq= design flow velocity (fps)

The minimum swale length is 100 feet; therefore, if the swale length is calculated to be less than 100 feet,
increase the length to a minimum of 100 feet, leaving the bottom width unchanged. If a larger swale could

1998SurfaceWaterDesignManual 9/1/98
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be fitted on the site, consider using a greater length to increase the hydraulic residence time and improve
the swale's pollutant removal capability. If the calculated length is too long for the site, or if it would

cause layout problems, such as encroachment into shaded areas, proceed to Step 5 to further modify the
layout. If the swale length can be accommodated on the site, proceed to Step 6.

Step 5: Adjust swale layout to fit on site. If the swale length calculated in Step 4 is too long for the site,
the length can be reduced (to a minimum of 100 feet) by increasing the bottom width up to a maximum of
16 feet. However, the length cannot be increased in order to reduce the bottom width because Manning's
depth-velocity-flow rate relationships would not be preserved. If the bottom width is increased to greater
than 10 feet, a low dividing berm is needed to split the swale cross section in half.

Length can be adjusted by finding the top area of the swale and providing an equi_,alent top area with the
adjusted dimensions.

a) Calculate the swale treatment top area based on the swale length calculated in Step 4:

Atop = (bi'4"bslop ¢ ) Li (6-6)

where A,ot, = top area (sO at the design treatment depth
bi = bottom width if-t)calculated in Step 2

bstope = the additional top width (ft) above the side slope for the design water depth (for
3:1 side slopes and a 4-inch water depth, bstop,= 2 feet)

Li = initial length if-t)calculated in Step 4.

b) Use the swale top area and a reduced swale length Lfto increase the bottom width, using the following
equation:

Atop (6-7)4=
( b: +b_to_,)

where /¢ = reduced swale length (ft)
bf = increased bottom width (ft).

c) Recalculate Vw_according to Step 3 using the revised cross-sectional area Awl based on the increased
bottom width b/. Revise the design as necessary if the design flow velocity exceeds 1 foot per second.

Step 6: Provide conveyance capacity for flows higher than Qwq. Biofiltration swales may be designed
as flow-through channels that convey flows higher than the water quality design flow rate, or they may be
designed to incorporate a high-flow bypass upstream of the swale inlet. A high-flow bypass usually
results in a smaller swale size (see flow splitter options, page 6-27, for more information on designing
bypasses). If a high-flow bypass is provided, this step is not needed. If no high-flow bypass is provided,
proceed with the procedure below.

a) Check the swale sized using Steps 2 through 5 above to determine whether the swale can convey the
25-year and 100-year peak flows consistent with the conveyance requirements of Core Requirement
#4 in Chapter 1. The roughness coefficient n in Manning's equation should be selected to reflect the

deeper flow conditions with less resistance provided by grass during these high-flow events. The
bottom width (Step 2) should be calculated as per Section 4.4.1.2, "Methods of Analysis" for open
channels.

b) The 100-year peak flow velocity (V_0o= Q_oolA_oo)based on the 100-year flow depth must be less than
5.0 feet per second. If V_0oexceeds 5.0 feet per second, return to Step 2 and increase the bottom width

or flatten the longitudinal slope as necessary to reduce the 100-year peak flow velocity to 5.0 feet per --
second or less. If the longitudinal slope is flattened, the swale bottom width must be recalculated
(Step 2) and meet all design criteria.
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c) The conveyancerequirementsin Core Requirement#4 (seeSection 1.2.4)must be met.

6.3.1.2 DESIGN CRITERIA

An effective biofiltration swale achieves uniform sheet flow over and through a densely vegetated area for a
period of several minutes. Figure 6.3.1.A (p. 6-49) shows a typical biofiltration swale schematic. Basic
design requirements for achieving proper flow conditions through a biofiltration swale are described below.

Swale Geometry

1. Swale bottom width shall be between 2 and 16 feet. TM

a) blilaimum bottom width is 2 feet to allow for ease of mowing.

b) If the bottom width exceeds 10 feet, a length-wise divider shall be provided. The divider shall

extend from the flow spreader at the inlet for at least three-quarters of the swale length.

c) Maximum bottom width is 16 feet, excluding the width of the divider.

Note: Multiple swales may be placed side by side provided the flow to each swale is split at the
inlet and spread separately for each swale. Adjacent swales may be separated with a vertical

wall, but a low berm is preferred for easier maintenance and better landscape integration.

2. The longitudinal slope (along the direction of flow) shall be between 1 percent and 6 percent.

a) If the longitudinal slope is less than 1.5 percent, underdrains must be provided (see next page
and Figure 6.3.1.C, p. 6-50, for underdrain specifications).

b) If the longitudinal slope is less than 1 percent, the swale must be designed according to the criteria
presented in Section 6.3.2 (p. 6-52) for wet biof'fltration swales.

c) If the longitudinal slope exceeds 6 percent, check dams with vertical drops of 12 inches or less

shall be provided to achieve a bottom slope of 6 percent or less between the drop sections.

3. The swale shall be flat in cross section (perpendicular to the flow direction) to promote even flow
across the whole width of the swale.

4. The minimum swale length shall be 100 feet; no maximum length is set.

5. The swale treatment area (below the WQ design water depth) shall be trapezoidal in cross-section.
If trapezoidal, side slopes within the treatment area should be 3H: 1V or flatter whenever possible,
but not steeper than 2H: 1V.

6. Side slope sections above the treatment area may be steeper than 3H: 1V, subject to the following
provisions:

a) If there is an interior side slope between 1H:IV and 2H:IV outside the treatment area, the slope
shall be reinforced with erosion control netting or matting during construction.

b) Any interior slope steeper than 1H: 1V shall be constructed as a rockery or structural retaining
wall 17to prevent the swale slope from sloughing. To ensure that adequate sunlight reaches the
swale bottom, only one wall can be taller than 2 feet. If possible, the higher wall should be on

the northern or eastern side of the swale to maximize the amount of light reaching the swale
bottom.

16Experiencewithbiofiltrationswalesshowsthatwhenthe widthexceedsabout10feetitisdifficultto keepthewaterfrom
forminglow-flowchannels.Itisalsodifficulttoconstructthebottomlevelandwithoutslopingtooneside. Biofiltersarebest
constructedbylevelingthe bottomafterexcavating,andafterthesoilisamended.A single-widthpasswitha front-endloader
producesa betterresultthanamultiple-widthpass.

17Soilbioengineeringtechniquesmaybe usedasanalternativetoa rockeryorstructuralretainingwall.
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7. Curved swales are encouraged for aesthetic reasons, but curves must be gentle to prevent erosion and
allow for vehicle access to remove sediment. Criteria for maintenance access road curves should also
be applied for swale curves (see Section 5.3.1.1 for design of access roads).

Water Depth and Base Flow

1. A swale that will be frequently mowed, as in commercial or landscaped areas, shall have a design
water depth of no more than 2 inches (0.17 feet) under the water quality design flow conditions.

2. A swale that will not be frequently mowed, such as along roadsides or in ruralareas, shall have a
design water depth of no more than 4 inches (0.33 feet) under the waterquality design flow
conditions.

3. If a swale is located downstream of a detention pond providing Level 2 or Level 3 flow control,
and it is located in till soils (according to the KCRTS soil group in Chapter 3), then the swale must be
designed as a wet biofiitration swale (see Section 6.3.2, p. 6-52).

4. If a swale will receive base flows because of seeps and springs on site, then either a low-flow drain
shall be provided or a wet biofiltration swale shall be used. Low-flow drains are narrow surface drains
filled with pea gravel that run lengthwise through the swale to bleed off base flows; they should not be
confused with underdrains. In general, base flows less than 0.01 efs per acre can be handled with a
low-flow drain. If flows are likely to be in excess of this level, a wet biofiltration swale should be
used.

5. If a low-flow drain is used, it shall extend the entire length of the swale. The drain shall be a
minimum of 6 inches deep, and its width shall be no greater than 5 percent of the calculated swale
bottom width; the width of the drainshall be in addition to the required bottom width. If an anchored
plate or concrete sump is used for flow spreading at the swale inlet, the plate or sump wall shall have a
v-notch (maximum top width = 5%of swale width) or holes to allow preferential exit of low flows
into the drain. See Figure 6.3.1.D (p. 6-51) for low-flow drain specifications and details.

Flow Velocity, Energy Dissipation, and Flow Spreading

1. The maximum flow velocity through the swale under the water quality design flow conditions shall
not exceed 1.0 foot per second.

2. The maximum flow velocity through the swale under the peak 100-year flow conditions shall not
exceed 5.0 feet per second.

3. A flow spreader shall be used at the inlet of a swale to dissipate energy and evenly spread runoff as
sheet flow over the swale bottom. Flow spreaders are recommended but not required at mid-length.
For details on various types of flow spreaders, see Section 6.2.6 (p. 6-31).

4. If cheek dams are used to reduce the longitudinal slope of the swale, a flow spreader shall be
provided at the toe of each vertical drop. The spreader must span the width of the swale. An energy
dissipater should also be provided if flows leaving the spreader could be erosive.

5. If a swale discharges flows to a slope rather than to a piped system or confined channel, an energy
dissipater shall be provided at the swale outlet. This requirement also applies to discharges from
swale underdrains. The outlet energy dissipater can be a riprap pad sized according to the
specifications described in Table 4.2.2.A for conveyance system outfalls.

Underdrains

If underdrains are required by Criterion2 under "Swale Geometry" (p.6-41), they must meet the following
criteria:

1. Underdrains must be made of PVC perforated pipe (SDR 35), laid parallel to the swale bottom and
backfilled and bedded as shown in Figure 6.3.1 .C (p. 6-50).

AR 032089
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2. For facilities to be maintained by the County, the underdrain pipe must be 6 inches or greater in
diameter. (Six inches is the smallest diameter pipe that can be cleaned without damage to the pipe.)

3. Six inches of clean drain rock (s/8-inch minus) must be above the top of the pipe.

4. The drain rock must be wrapped in geotextile. Geotextile requirements are summarized in
Table 6.3.1.A below.

5. The underdrain must inf'fltrate into the subsurface or drain freely to an acceptable discharge point.

TABLE6.3.1.A GEOTEXTILE _TERIALMINIMUM REQUIREMENTS

Geotextile Property Value Test Method

Trapezoidtear (Ibs) 40 (rnin) ASTM D4533

Permeability(cm/sec) 0,2 (rain) ASTM D4491

AOS(sievesize) #60 - 70 (rain) ASTM D4751

Ultravioletresistance 70 percentorgreater ASTM D4355

Note: If constructionconditionsdictate useof a moredurablegeotextilematerial to prevent punctures
or tearingduring installation,a heavier fabric shouldbe used.

Swale Divider

1. If a swale divider is used (such as when swale bottom widths are greater than 10 feet), the divider
should be constructed of a finn material that will resist weathering and not erode, such as treated
lumber, concrete, plastic, or compacted soil seeded with grass. Selection of divider material should
take into consideration swale maintenance, especially mowing.

2. The divider shall have a minimum height of one inch higher than the water quality design water
depth.

3. Earthen berms should be no steeper than 2H:IV.

4. Materials other than earth (e.g. treated lumber, recycled plastic lumber, concrete, etc.) shall be
embedded to a depth sufficient to be stable.

Access

1. For swales to be maintained by King County, an access road shall be provided to the swale inlet and
along one side of the swale according to the schedule shown in Table 6.3.1.B below. Note: County
streets and paved parking areas adjacent to the top of slope may be counted as access.

TABLE6.3A.B REQUIREMENTSFORBIOFILTRATIONSWALE ACCESS ROAD

Swale Area: L X w (st) Access RoadLength

200- 1000 1/2swalelengthL

1000- 1600 2/3 swalelengthL

Over1600 entireswalelengthL
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6-43 AR 032090



SECTION6.3 BIOFILTRATIONFACILITYDESIGNS

2. In areas outside sensitive area buffers, wheel strips made of modular grid pavement may be built into
the swale bottom for maintenance vehicle access instead of an access road. The subgrade for the
strips must be engineered to support a vehicle weight of 16,000 pounds and installed according to the
manufacturer's recommendations on firm native soil or structural fill, not on the amended topsoils.
Each strip shall be 18 inches wide and spaced as shown in Figure 6.3.1 .E (p. 6-51). The strip lattice
should be filled or covered with native soil (no amendments required) and overseeded with grass. If a
low-flow drain is also needed (see "WaterDepth and Base Flow" on page 6-42), a portion of the
wheel strip may be filled with pea gravel as appropriate to form the drain. Wheel strips shall not be
counted as treatment area; therefore, the swale bottom width must be increased accordingly.

Soil Amendment

1. Two inches (minimum) of well-rotted compost shall be tilled into the entire swale treatment area to
amend the topsoil unless the soil already has an organic content of 10percent or greater. This applies
to both till soils as well as sandy soils. In very coarse soils (gravels or courser), top soil must be
imported and amended to the required organic content.

a) Compost must be tilled into the underlying native soil to a depth of 6 inches to prevent the
compost from being washed out and to avoid creating a defined layer of different soil types that
earl prevent downward percolation of water.

b) Compostshall not contain any sawdust, straw, green or under-composted organic matter, or toxic
or otherwise harmfulmaterials.

c) Compost should not contain unsterilized manure because it can leach fecal coliform bacteria into
receiving waters.

2. Soil or sod with a clay content of greater than 10 percent should be avoided. If there is concern for
contamination of the underlying groundwater, the swale bottom should be lined with a treatment liner
to prevent groundwater contamination. See Section 6.2.4 (p. 6-22) for details on treatment liner
options.

Planting Requirements

1. Grass shall be established throughout the entire treatment area of the swale subject to the following
provisions:

a) Seeding is best performed in spring (mid-March to June) or fall (late September to October). For
summer seeding, sprinkler systems or other measures for watering the grass seed must be
provided.

b) Seed may be applied via hydroseeding or broadcast application.

c) Irrigation is required during the first summer following installation if seeding occurs in spring or
summer. Swales seeded in the fall may not need irrigation. However, the maintenance and defect
financial guarantee will not be released unless a healthy grass cover is established. Therefore, site
planning should address the need for sprinklers or other means of irrigation.

2. Swale treatment areas are subject to both dry and wet conditions, as well as accumulation of sediment

and debris. A mixture of dry-area and wet-area grass species that can continue to grow through silt
deposits is most effective. Two acceptable grass seed mixes for the King County area are listed in
Table 6.3.1.C (p. 6-45). The mixes should be applied throughout the swale in the treatment area at a
rate of 80 pounds per acre. As an alternative to these mixes, a horticultural or erosion control

specialist may develop a seed specification tailored to the site. Table 6.3.1.D (p. 6-45) lists grasses or
other plants particularly tolerant of wet conditions. Some of these seed types, however, may not be
commercially available.
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• • i i i ii I

: .... . TABI.E 6.3,1,C :
.... GRASS SEED MIXES SUITABLE FOR BIOFILTRATION SWALE TREATMENT AREAS

Mix I Mix 2

75-80 percent Tall or Meadow Fescue 60-70 percent Tall Fescue

10-15 percent Seaside Creeping Bentgrass 10-15 percent Seaside Creeping Bentgrass
or Colonial Bentgrass or Colonial Bentgrass

5-10 percent Redtop 10-15 percent Meadow Foxtail

6-10 percent Alsike Clover

1-5 percent Marshfield Big Trefoil

1-6 percent Redtop

Note: All percentages are by weight.

TAB_ 6.3 I:D FINELY _ PLANTS TOLERANT OF,
FREQUENT SATURA_ SOIL CONDmONS OR STANDING WATER

Grasses Wetland Plants

Water Foxtail Alopecurus genicu/atus Sawbeak Sedge Carex stipata

Shortawn Foxtail A/opecurus aequalis Spike Rush E/eocharis palustfis

Bentgrass Agrosits spp. Slender Rush Juncus tenuis

Spike Bentgrass A. exarata

Redtop A. alba or gigantea

Colonial Bentgrass AI tenuis or capil/aris

Mannagrass Glycefia spp.

Western G. occidentalis

Northern G. borealis

Slender-Spiked G. leptostachya

Rough-Stalked Poa trivia�is
Bluegrass

Velvet Grass Ho/cus tool�is

3. A newly constructed swale shall be protected from stormwater flows until grass has been

established. This may be done by diverting flows or by covering the swale bottom with clear plastic
until the grass is well rooted. If these actions are not feasible, an erosion control blanket shall be

placed over the freshly applied seed mix. See detached Appendix D, ESC Standards, for details on
erosion control blankets.

4. Above the design treatment elevation, either a typical lawn seed mix or landscape plants may be
used. However, for swales also used to convey high flows, consideration should be given to the soil

binding capacity of the vegetation. Acceptable grasses and groundcovers are presented in
Table 6.3.1.E (p. 6-46). Plant material other than that given in the table may be used if the swale is
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privately maintained and the plants selected will not spread into the swale treatment area. Ivy may not

be used because of its tendency to spread. Native plant species (e.g., kinnikinnick) are preferred.

Note: These recommendations are for the King County area. If these designs are used in other areas,

local knowledge should be used tb tailor these recommendations to local conditions.

TABLE6.3.1.E GROUNDCOVERS AND GRASSES
SUITABLE FOR THE UPPER SIDE SLOPES OF A BIOFILTRATION SWALI_.

Groundcovers

Kinnikinnick* Arctostaphylos uva-ursi

Epirnedium Epimedium grandiflorum

-- Euonymus lanceolata

Strawberry* FragarJa chiloensis

m Genista

St. John's-Wort Hypericum sempervirens

Broadleaf Lupine* Lupinus latifolius

White Sweet Clover* Melilotus alba

Creeping Forget-Me-Not Omphalodes vema

Rubus calycinoides

White Lawn Clover Tn'folium repens

Yellow-Root Xanthorhiza simplissima ....

Grasses (drought-tolerant, minimum mowing)

Buffalo Grass Buchloe dactyioides

Tufted Fescue Festuca amethystina

Tall Fescue * Festuca arundinacea

Hard Fescue Festuca ovina duriuscula (e.g., Reliant, Aurora)

Red Fescue* Festuca rubra

Dwarf Tall Fescues Festuca spp. (e.g., Many Mustang, Silverado)

Blue Oatgrass Helictotr_chon sempervirens

Low-growingturf mix:
40% dwarf tall fescue

30% dwarf perenial rye "Barclay"
25% red fescue

5% colonialbentgrass

• Native species.
Note_.

• Many other ornamental grasses which require on/}, annual mowing are suitable.

• Ivy is not permitted because of its tendency to spread.

5. Sod may be used as a temporary cover during the wet season, but sodded areas must be reseeded with

a suitable grass seed mix as soon as the weather is conducive to seed germination, unless the sod is
grown from a seed mix suitable for the wetter conditions of a biofiltration swale. Sod must be

removed or rototilled into the underlying soil before reseeding. Criteria #1 and 2 above for seeding
should then be followed.
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Recommended Design Features

The following features should be incorporated into biofiltration swale designs where site conditions allow.

Swale Layout and Grading

1. If the longitudinal slope is less than 1.5 percent (requiring the use of underdrains along the swale
length), the subgrade should contain 10 percent or more of sand to promote infiltration of
standing water. If sand is added to promote drainage, the soil or sand substrate must still be
amended with compost.

2. Underdralns are also recommended for swales greater than 1.5 percent longitudinal slope on till
soils, especially if it is likely that the swale will intercept groundwater.

3. Biofiltration swales should be aligned to avoid sharp bends where erosion of the swale side slope
can occur. However, gradual meandering bends in the swale are desirable for aesthetic purposes
and to promote slower flow.

Location and Landscaping

1. During seeding, slow-release fertilizers may be applied to speed the growth of grass. If the swale
is located in a sensitive lake watershed, low phosphorus fertilizers (such as formulations in the

proportion 3:1:3 N-P-K or less) or a slow-release phosphorus formulation such as rock phosphate
or bone meal should be used. A typical fertilizer application rate should be 2 pounds per 1,000

square feet. If animal manures are used in the fertilizer, they must be sterilized to avoid leaching
fecal coliform bacteria into receiving waters.

2. Consultation with a landscape or erosion control specialist is recommended for project-specific

recommendations on grass seed, fertilizer, and mulching applications to ensure healthy grass

growth. The grass mix should be capable of surviving and remaining healthy under both dry and
wet conditions with limited maintenance.

3. A grassy swale should be incorporated into the site landscape design. Shrubs may be planted

along the edges of a swale (above the WQ treatment level) provided that exposure of the swale
bottom to sunlight and maintenance accessibility are not compromised. Note: For swales used to

convey high flows, the plant material selected must bind the soil adequately to prevent erosion.

4. Swales should not be located in areas where trees will drop leaves or needles that can smother the
grass or clog part of the swale flowpath. Likewise, landscaping plans should take into

consideration the problems that falling leaves and needles can cause for swale performance and
maintenance. Landscape planter beds should be designed and located so that soil does not erode
from the beds and enter a nearby biofiltration swale.

Construction Considerations

l. If a biofiltration swale is put into operation before all construction in the drainage area of the swale is

complete, the swale must be cleaned of sediment and reseeded prior to acceptance by the County. The
County will not release financial guarantees if swales are not restored and vigorous grass growth
established.

2. It is preferable to provide good erosion control before runoff enters a biofiltration swale. Swales are

designed to handle only modest sediment loads from stabilized sites.

Maintenance Considerations

The design criteria given previously have incorporated maintenance concerns into swale design.
However, the designer should know the type and frequency of maintenance anticipated so that alternative
proposals can incorporate maintenance activity.

Typical swale maintenance includes routine mowing, sediment and debris removal, and repair of eroded or
scoured channel sections as described below.
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SECTION6.3 BIOFILTRATIONFACILITYDESIGNS

I. Grass should be mowed to maintain an average grass height between 4 inches and 9 inches,
depending on the site situation. Monthly mowing is needed from May through September to maintain
grass vigor. If a swale is not mowed at least annually, trees and brash will invade the swale and
inhibit grass growth, compromising the swale's performance for water quality treatment.

2. Grass clippings should be removed from the swale and composted on site or disposed of properly off
site.

3. Sediment deposited at the head of the swale should be removed if grass growth is being inhibited for
more than 10 percent of the swale length or if the sediment is blocking the even spreading or entry of
water to the rest of the swale. Annual sediment removal and spot reseeding will probably be
necessary.

4. If flow channelization or erosion has occurred, the swale should be regraded to produce a flat bottom
width, then reseeded as necessary. If the channel results from constant base flow, it may be better to
install a low-flow drain rather than to regrade, gegrading should not be required every year.

5. For swales with underdrains, vehicular access to the swale bottom (other than grass mowing
equipment) should be avoided because the drainpipe cannot support vehicle weight. Consideration
should be given m providing wheel strips in the swale bottom if access is needed.

AR 032095
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I'

1 FIGURE 6.3.1.A BIOFXLTRATION SWALE SCHEMATIC IIJI,

"' maintenanceaccess road
(modulargrid pavement
porouspavement,asphalt,
concreteorgravel)for
vehicleaccess

flow spreader

mid-swale --
flow spreader roadwaylengthdepends on

(recommended) swalearea (see text)

biofiltration swale bottom | II_tlj_l till i
(min. swale length=100ft.) /_|k _,i__ i1/

/
Uvllll!'/ lIq;t_,,,i,_,,t
t ti_,!t_,i',,\\

- Outlet

NOTE: Longitudinalslope 1-6%. PLAN
Provide underdrainforslopes< 1.5%. NTS
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FIGURE 6.3.1.B BIOFILTRATION SWALE CROSS-SECTIONS

/-swale divider for width >10 ft
/

/ /- water quality design depth (Y) = 4" max.
, / / (2" for frequently mowed areas)

....,,:/__ Y+I'-_ / . / __-_,.--

1
"_.: ..-,-. -_..:-_-_,.-:.<_-"

-"#___._,, ,_-_..;.. _"._F o2"comp st tilled into

I_bottom width= (b)_-- _ 6" native soil
max. = 16ft + dividerwidth
min. = 2ft

TYPICAL SWALE SECTION
NTS

I IFIGURE 6.3.1.C BIOFILTRATION SWALE UNDERDRAIN DETAIL

Underdrainfor Slopes< 1.5% / filterfabricwrap.

7_. of top, sidesand bottom/- soilamendedwithcompost _t_l_-_=- min.amendedsoil

//-- swalebottomf ]_1 ] 6,,min.overpipe

/

_-_perforated pipe underdrain
t _._ centeredbeneathswale

perforatedunderdrain originalsoil

_X pipecenteredbeneathswale

_--' " 5/8" minuscleandrainrock

SECTION DETAIL A
NTS

_-- filterfabric

NOTE: Underdrainmustinfiltrateor drain
freelyto an acceptabledischargepoint.
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_ [ FIGURE 6.3.1.D BIOFILTRATION SWALE LOW-FLOW DRAIN I

concrete sum,p--x_ ' ._

top notch opening no

__ more than 5% of swale

_1-6% weepbottom width or useholes

i? - " " swale grade

PLAN VIEW " . ep pea gravel SECTION A
NTS trench lengthof swale

(see text for application) NTS

[[ FIGURE 6.3.1.E BIOFILTRATION SWALE WHEEL STRIPS [[

_ design bottom width (b)= :

bl + b2 + b3

b=1,18_,_ b2 .,18';,__ b3

"__"_:_:_:l_.r.d"' ",=- ,- '1:--::_: ,-:_._. compost amended soil

dul r grid pavers native soil or
engineered fill per manufacturer's recommendations

SECTION
NTS
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i

6.3.2 WET BIOFILTRATION SWALES

A wet biofiltration swale is a variationof a basic biofiltration swale for use where the longitudinal slope is
slight, water tables arehigh, or continuous low base flow is likely to result in saturated soil conditions.
Where saturationexceeds about 2 weeks, typical grasses will die. Thus, vegetation specifically adapted to
saturatedsoil conditions is needed. Different vegetation in turn requires modification of several of the
design parameters for the basic biofiltration swale detailed in Section 6.3.1 (p. 6-37).

Applications
Wet biofiltration swales are applied where a basic biofiltration swale is desired but not allowed or
advisable because one or more of the following conditions exist:

• The swale is on till soils and is downstream of a detention pond providing Level 2 or 3 flow control.

• Saturated soil conditions are likely because of seeps or base flows on the site.

• Longitudinal slopes are slight (generally less than 2 percent).

Consult the water quality menus in Section 6.1 (p. 6-3)for information on how this facility can be used to
meet Core Requirement #8.

6.3.2.1 METHODS OF ANALYSIS

Wet biofiltration swales use the same methods of analysis as basic biofiltration swales (see Section
6.3.1.1, p.6-38) except the following step is added:

Step 7: Adjust for extended wet season flow. If the swale will be downstream of a detention pond
providing Level 2 or 3 flow control, multiply the treatment area(bottom width times length) of the
swale by 2, andreadjust the swale length, if desired. Maintain a 5:1 length to width ratio (see criteria
under "Swale Geometry" below).

Intent: An increase in the treatment areaof swales following Level 2 or 3 detention ponds is required
because of the differences in vegetation established in a constant flow environment. Although flows
following Level 2 or 3 detention are small, and swales are likewise much smaller thanthose sized for
upstream flows, they aremuch more protracted. These protracted flows result in more stream-like
conditions than are typical for other wet biofilter situations. Since vegetation growing in streams is
often less dense, this increase in treatment area is needed to ensure that equivalent pollutant removal is
achieved in extended flow situations.

6.3.2.2 DESIGN CRITERIA

Swale Geometry

Same as specified for basic biofiltration swales (see Section 6.3.1.2, p. 6-41) except for the following
modifications:

1. Criterion 1: The maximum bottom width may be increased to 25 feet, but a length-to-width ratio of
5:1 must be provided. No longitudinal dividing berm is needed. Note: The minimum swale length is
still lOOfeet.

2. Criterion 2: If longitudinal slopes are greaterthan 2 percent, the wet swale must be stepped so that
the slope within the stepped sections averages 2 percent. Steps may be made of retaining walls, log
check dams, or short riprap sections. No underdraln or low-flow drain is required.

AR 032099 ..
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High-Flow Bypass

_ A high-flow bypass is required for flows greater than the water quality design flow to protect wetland
vegetation from damage. TM The bypass may be an open channel parallel to the wet biofiltration swale.

Water Depth and Base Flow

Same as for basic biofiltration swales (see page 6-42) except the design water depth shall be 4 inches for
all wetland vegetation selections, and no underdrains or low-flow drains are required.

Flow Velocity, Energy Dissipation, and Flow Spreading

Same as for basic biofiltration swales (see page 6-42) except no flow spreader is needed.

Access

Same as for basic biofiltration swales (see page 6-43) except access is only required to the inflow and the

outflow of the swale; access along the length of the swale is not required. Also, wheel strips may not be
used for access in the swale.

Intent: An access road is not required along the length of a wet swale because of infrequent access needs.
Frequent mowing or harvesting is not desirable. In addition, wetland plants are fairly resilient to sediment-
induced changes in water depth, so the need for access should be infrequent.

Soil Amendment

Same as for basic biofiltration swales (see page 6-44).

Planting Requirements

_ Same as for basic biofiltration swales (see page 6-44) except for the following modifications:

1. A list of acceptable plants with recommended spacing is given in Table 6.3.2.A (p. 6-54). In general,
it is best to plant several species to increase the likelihood that at least some of the selected species
will find growing conditions favorable.

2. A wetland seed mix may be applied by hydroseeding, but if coverage is poor, planting of rootstock or

nursery stock is required. Poor coverage is considered to be more than 30 percent bare area through
the upper 2/3 of the swale after four weeks.

Recommended Design Features

Same as for basic biofiltration swales (see page 6-47).

Construction Considerations

Same as for basic biofiltration swales (see page 6-47).

Maintenance Considerations

Same as for basic biofiltration swales (see page 6-47) except mowing of wetland vegetation is not

required. However, harvesting of very dense vegetation may be desirable in the fall after plant die-back to

prevent the sloughing of excess organic material into receiving waters. Many native Juncus species
remain green throughout the winter; therefore, fall harvesting of Juncus species is not recommended.

is Unlikegrass,wetlandvegetationwillnotquicklyregainanuprightattitudeafterbeinglaiddownbyhighflows.Newgrowth,
usuallyfromthebaseof theplant,oftentakingseveralweeks,is requiredto regainitsuprightform.
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iiRECOMMENDED PLANTS FOR WET BIOFILTRATION SWALE .....

Common Name Scientific Name Spacing (on center)

Shortawn foxtail Alopecurus aequalis seed

Water foxtail Alopecurus geniculatus seed

Spike rush Eleocharis spp. 4 inches

Slough sedge* Carex obnupta 6 inches or seed

Sawbeak sedge Carex stipata 6 inches

Sedge Carex spp. 6 inches

•Westem mannagrass Glyceria occidenta/is seed

Velvetgrass Holcus mollis seed
I

Slender rush Juncus tenuis 6 inches

Water parsley* Oenanthe sarmentosa 6 inches

Hardstem bulrush Scirpus acutus 6 inches

Small-fruited bulrush Scirpus microcarpus 12 inches

• Good choices for swales with significant periods of flow, such as those downstream of a Level 2
or 3 detention facility.
Note: Cattail (Typha laOfolia) is not appropriate for most wet swales because of its very dense
and clumping growth habit which prevents water from filtering through the clump.
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6.3.3 CONTINUOUS INFLOW BIOFILTRATION SWALES

In situations where water entersa biofiltrationswale continuously along the side slope ratherthan
discretely at the head, a differentdesign approach-thecontinuous inflow biofiltration swale-is needed.

The basic swale design (see Section 6.3.1, p. 6-37) is modified by increasingswale length to achieve an
equivalent average residence time.

Applications

A continuous inflow biofiltration swale is to be used when inflows are not concentrated, such as
locations along the shoulder of a roadwithout curbs. This design may also be used where frequent,
small point flows enter a swale, such as through curbinlet ports spaced at intervals along a road, or from
a parking lot with frequent curb cuts. In general, no :inletport should carry more than about 10 percent of
the flow.

A continuous inflow swale is not appropriate for a situation in which significant lateral flows enter a swale

at some point downstream from the head of the swale. In this situation, the Swale width and length must
be recalculated from the point of confluence to the discharge point in order to provide adequate treatment
for the increased flows.

Consult the water quality menus in Section 6.1 (p. 6-3)for information on how this facility can be used to
meet Core Requirement #8.

6.3.3.1 METHODS OF ANALYSIS

The design flow for continuous inflow swales must include runoff from the pervious side slopes draining
to the swale along the entire swale length.

The method of analysis for continuous inflow swales is the same as for basic bioflltration swales (see
Section 6.3.1.1, p. 6-38) except for the following clarification of Step 1 and modification to Step 4:

• Step 1: The WQ design flow can be variable to reflect the increase in flows along the swale length. If
only a single design flow is used, the flow at the outlet should be used.

• Step 4: Double the hydraulic residence time so that it is a minimum of 18 minutes (1,080 seconds).
Equation (6-5) becomes:

L = 1080V,_ (6-8)

where L = minimum allowable swale length (ft)
Vwq= design flow velocity calculated in Step 3 (fps).

Note: Although bottom widths can be increased to reduce length, bottom width cannot be reduced because
Manning's depth-velocity-flow rate relationships would not be preserved.

6.3.3.2 DESIGN CRITERIA

Same as specified for basic bioflltration swales (in Section 6.3.1.2, p. 6-41) except for the following
modification:

Planting Requirements, Criterion 4: For continuous inflow biofiltration swales, interior side slopes
above the WQ design treatmentelevation shall be planted in grass. A typical lawn seed mix or the

biofiltration seed mixes are acceptable. Landscape plants or groundcovers other than grass may not be
used anywhere between the runoff inflow elevation and the bottom of the swale.

Intent: The use of grass on interior side slopes reduces the chance of soil erosion and transfer of
pollutants from landscape areas to the biofiltration treatment area.
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6.3.4 BASIC FILTER STRIPS

Afilter strip is a grassy slope located adjacent and parallel to a impervious area such as a parking lot, -__
driveway, or roadway (see the filter strip detail in Figure 6.3.4.A on page 6-63). A filter strip is graded to
maintain sheet flow of stormwater runoff over the entire width of the strip. A filter strip removes
pollutants primarily by means of filtration by grass blades which enhance sedimentation, and the trapping
and adhesion of pollutants to the grass and thatch. Pollutants can also be adsorbed by the underlying soil
when infiltration occurs, but the extent of infiltration depends on the type of soil, the density of the grass,
and the slope of the strip.

In this manual, design procedures are provided for two types of filter strip applications: (1) the basic filter
strip that should typically apply to parking lots, driveways, and roads where sufficient space is available,
and (2) a modified, narrow area filter strip for roadside applications with limited right-of-way space that
constricts the filter strip sizing. The basic filter strip is covered in this section, and the narrow area filter
strip is covered in Section 6.3.5.

ApplicationsandLimitations
Filter strip design is based on the expectation that water will flow fairly evenly across the entire width and
length of the strip area. Thus, paved sites without underground stormwater collection systems, gutters, or
other runoff control features aregood candidates for filter strips.

Filter strips are suitable for sites that meet the following conditions:

• Stormwater runoff from the area requiring treatment should be uniformly distributed along the top of
the entire filter strip. If stormwater runoff from the entire site cannot be spread evenly along the top of
the filter strip, the filter strip should be applied only to flows that can be uniformly distributed. A
different stormwater treatment facility, such as a swale, should be used for areas of the site with
concentrated flow (for instance, at road intersections).

• The flowpath draining to the filter strip should not exceed 150 feet. Runoff flows traveling greater
distances tend to concentrate before entering the filter strip.

• The lateral slope of the drainage area contributing flows to the filter strip (parallel to the edge of
pavement) should be less than 2 percent. A stepped series of flow spreaders installed at the head of
the strip could compensate for slightly steeper slopes (see "Flow Spreading and Energy Dissipation,"
p. 6-59).

• The longitudinal slope of the contributing drainage area (parallel to the direction of flow entering the
filter strip) should be less than 5 percent. Contributing drainage areas with slopes steeper than 5
percentshould either use a different WQ facility or must provide energy dissipation and flow
spreading mechanisms upslope of the upper edge of the filter strip.

A filter strip generally requires more land area than a biofiltration swale because the flow depth through
the filter is shallower than through a swale. Although the space requirements may be greater, the filter
strip is a viable water quality treatment option in locations where grassy slopes already exist, or where a
slope can be incorporated easily into the landscape design for the site. Other limitations that should be
considered are listed below:

1. Filter strips are susceptible to short-circuiting via flow channelization because they rely on a large
smoothly graded area. If rills, gullies, or channels occur in the filter strip area, inflows will travel too
quickly through the filter strip, reducing contact time and pollutant removal performance. A filter
strip slope with uneven grading perpendicular to the sheet flow path will develop flow channels over
time. These problems can be overcome with careful site planning, good soil compaction, skillful
grading, and periodic maintenance.
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2. Filter strip areas cannot be used for material storage or any activities that could cause disturbance of
the ground surface in a manner that could create or promote preferential flowpaths (rills or channels)
in the filter strip.

3. Filter strips should not be located in shaded areas, for filter strips require exposure to sunlight to
ensure healthy grass growth.

Consult the water quality menus in Section 6.1 (p. 6-3)for information on how this facility can be used to
meet Core Requirement # 8.

6.3.4.1 METHODS OF ANALYSIS

In this manual,filter strip length is defined as the length of the flowpath through the strip. Strip width is
typically the same as the extent of pavement along the upstream edge of the strip. Thus, in sizing filter
strips, the length is normally the dimension to be sized (see Figure 6.3.4.A below for definitions of terms).

[I FIGURE 6.3.4.A FILTER STRIP TERMINOLOGY I

direction /-- contributing _ _.Oi
of flow -_ drainage area "_

==._ __ lateral SloDe v =_
=m

filter strip length =L"

stdp width "W"

The procedure for filter strip design (described below) relies on Manning's equation to calculate some
design variables. It is recognized that there are problems in this application) _ The filter strip sizing
method will be modified as new research results become available.

Filter strips sized and built using the method of analysis outlined below and the required design criteria
presented in Section 6.3.4.2 are expected to meet the Basic Water Quality menu goal of 80% TSS
removal.

Step 1: Calculate design flow. Determine the water quality design flow Qwq (see Section 6.2.1, p. 6-17)
using the hydrologic analysis procedures described in Chapter 3.

Step 2: Calculate design flow depth. The design flow depth is calculated based on the width of the filter

strip (typically equivalent to the length of the edge of impervious surface contributing flow to the filter
strip) and the longitudinal slope of the filter strip (parallel to the direction of flow) using a form of
Manning's equation as follows:

19 Ree, W.O., F.L. Wimberiey, and F.R. Crow. 1977. Manning n and the overland flow equation. Transactions of the American
Society of Agricultural Engineers 20 (89).
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Q,w - 1.49 Wd_67sO.S (6-9)
nwq

Where Q_ = water quality design flow (cfs)
n,_ = Manning's roughness coefficient (either 0.35 or 0.45; see the criteria under "Filter

Strip Geometry and How Resistance," p. 6-59)
W = width of filter strip perpendicular to the direction of flow (ft) ( = length of impervious

surface contributing flow)

df = design depth of flow (ft), which is also assumed to be the hydraulic radius (maximum
1 inch, or 0.083 feet; see the criteria under "Water Depth and Velocity," p. 6-59)

s = longitudinal slope of filter strip parallel to the direction of flow (ft/ft) (averaged over
the width of the filter strip; all portions averaged must also meet the slope design
criteria).

Rearranging the above equation, the design depth of flow can be calculated using the following equation:

(Qwqnwq .)0.6 (6-10)

d/ = _1.49WsO._)

If the calculated flow depth exceeds 1inch (0.083 feet), the design flow rate routed through the strip must
be reduced. If this is not feasible, it is not possible to use a filter strip.

Step 3: Calculate design flow velodty through filter strip, The design flow velocity Vwqis based on the
water quality design flow rate, the width of the filter strip, and the calculated design flow depth from Step _
2 using the following equation:

Qwq (6-11)=
we:

where Vwq = design flow velocity (fps)
W = strip width (ft) (parallel to the edge of pavement)
d/ = water depth (ft).

If Vwqexceeds 0.5 feet per second, a filter strip may not be used. Either redesign the site to provide a
gentler longitudinal slope for the strip, or select a different WQ facility.

Step 4: Calculate required length of f'dterstrip. Determine the required length L of the filter strip to
achieve a desired hydraulic residence time of at least 9 minutes (540 seconds) using the following equation:

L = 540V_ (6-12)

where L = filter strip length (ft)

V_q = design flow velocity from Step 3 (fps)
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6.3.4.2 DESIGN CRITERIA

Figure 6.3.4.A (p. 6-63) shows typical filter stripdetails. The most effective filter strips achieve uniform
sheet flow underall runoff flow conditions. To achieve properflow conditions, the following basic design
requirements apply.

DrainageArea Restrictions

1. The longest flowpath from the area contributing sheet flow to the filter strip shall not exceed 150
feet.

2. The lateral slope of the contributing drainage (parallel to the edge of pavement) shall be 2 percent
or less.

3. A stepped series of flow spreaders installed at the head of the strip may be used to compensate for
drainage areas having lateral slopes of up to 4 percent (see Section 6.2.6, p. 6-31, for information on
flow spreader designs).

4. The longitudinal slope of the contributing drainage area (parallel to the direction of flow entering
the filter strip) should be 5 percent or less.

5. Contributing drainage areas with longitudinal slopes steeper than 5 percent should either use a

different WQ facility or provide energy dissipation and flow spreading options upslope of the upper
edge of the filter strip to achieve flow characteristics equivalent to those meeting the Criteria in items
2 and 4 above.

FilterStrip Geometryand FlowResistance

1. The longitudinal slope of a filter strip (along the direction of flow) shall be between 1percent
minimum and 15percent maximum.

2. The lateral slope of a strip (parallel to the edge of pavement, perpendicular to the direction of flow)
shall be less than 2 percent.

3. The ground surface at the upper edge of a filter strip (adjacent to the contributing drainage area) shall
be at least 1 inch lower than the edge of the impervious area contributing flows.

4. Manning's roughness coefficient (nwq)for flow depth calculations shall be 0.35. An exception to this
requirement may be made for situations where the filter strip will be mowed weekly in the growing
season to consistently provide a grass height of less than 4 inches; in this ease, the value of n_ in
Equation (6-10) may be set to 0.45. Note: In filter strip design, a larger n value results in a smaller
strip size.

Water Depth and Velocity

1. The maximum depth of flow through a filter strip for the WQ design flow shall be 1.0 inch.

2. The maximum allowable flow velocity for the water quality design flow V_ shall be 0.5 feet per
second.

Flow Spreading and Energy Dissipation

1. Runoff entering a filter strip must not be concentrated. A flow spreader shall be installed at the edge
of the pavement to uniformly distribute the flow along the entire width of the filter strip.

2. At a minimum, a gravel flow spreader (gravel-filled trench) shall be placed between the impervious
area contributing flows and the filter strip, and meet the following requirements:

a) The gravel flow spreader shall be a minimum of 6 inches deep and shall be 18 inches wide for
every 50 feet of contributing flowpath.
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b) The gravel shall be a minimum of 1 inch below the pavement surface.

Intent: This allows sediment from the paved surface to be accommodated without blocking
drainage onto the strip.

c) For strips less than 50 feet, the spreader widthmay be reduced to a minimum of 12 inches.

d) Where the ground surface is not level, the gravel spreader must be installed so that the bottom of
the gravel trench and the outlet lip are level.

e) Along roadways, gravel flow spreaders must meet the specification for shoulder ballast given in
Section 9-03.9(2). of the current WSDOT/APWA Standard Specifications for Road, Bridge and
Municipal Construction.. The ballast shall be compacted to 90 percent standard proctor.

Intent: This specification was chosen to meet traffic safety concerns as well as to limit fines to
less than 2 percent passing the No.100 sieve.

3. Other flow spreaders (see Section 6.2.6, p. 6-31) may also be used. For filter strip applications, the
notched curb spreader and through-curb port spreaders may not be used without also adding a gravel
spreader to better ensure that water sheet-flows onto the strip.

4. Energy dissipaters are needed in a filter strip if sudden slope drops occur, such as locations where
flows in a filter strip pass over a rockery or retaining wall aligned perpendicular to the direction of
flow. Adequate energy dissipation at the base of a drop section can be provided by a riprap pad (see
Chapter 4, Table 4.2.2.A, for guidance).

Access

Access shall be provided at the upper edge of a Filterstrip to enable maintenance of the inflow spreader
throughout the strip width and allow access for mowing equipment.

Soil Amendment

1. Two inches (minimum) of well-rotted compost shall be provided for the entire filter strip treatment
area to amend the topsoil unless the soil already has an organic content of 10 percent or greater. The
compost must be tilled into the underlying native soil to a depth of 6 inches to prevent washing out the
compost and avoid creating a defined layer of different soil types that can prevent downward
percolation of water.

a) Compost shall not contain any sawdust, straw, green or under-composted organic matter, or toxic
or otherwise harmful materials.

b) Compost should not contain unsterilized manure because it can leach fecal coliform bacteria into
receiving waters.

2. Soil or sod with a clay content of greater than 10 percent should be avoided. If there is potential for
contamination of the underlying groundwater, the filter strip should be lined with a treatment liner to
prevent groundwater contamination. See Section 6.2.4 (p. 6-22) for details on soil liner options.

Planting Requirements

1. Grass shall be established throughout the entire treatment area of the filter strip.

2. Sod may be used instead of grass seed as long as the entire filter strip area is completely covered with
no gaps between sod pieces.

3. Filter strips are subject to drier conditions than biofiltration swales and also may be more vulnerable to
erosion than swales. For these reasons, the following permanent erosion-control grass seed mix
shall be applied at a rate of 80 pounds per acre in filter strips (percentages are by weight):

40 percent tuff-type rye AR 032107
40 percent fescue
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I0percentwhitedutchclover

10percentcolonialbentgrass

4. Alternateseedmixesmay beusedifahorticulturalorerosion-controlspecialistrecommendsa
differentmixandiferosionpreventionisadequatelyaddressedby othererosion-controlmeasures.

5. Seedmay beappliedbyhydroseedingorbroadcastapplication.

6. Seedingisbestperformedinspring(mid-MarchtoJune)orfall(lateSeptembertoOctober).Ifseed
isappliedinthespringorsummer,irrigationmustbeprovidedtoensuregrasssurvival.

7. Runoffshallbedivertedarounda filterstripuntilthegrassisestablished,oranerosioncontrol
blanketshallbeplacedoverthefreshlyappliedseedmix.SeeESC Standards(detached
AppendixD) forinformationonerosioncontrolblankets.

Recommended Design Features

Where conditions allow, the following features should be incorporated into a filter strip's design and its
corresponding site configuration.

Site Layout and Landscaping

1. Filter strips should be incorporated into the landscape design for a site; however, the treatment
areas (i.e., grassy areas) should not be fertilized unless needed for healthy grass growth.

2. Curbs should be avoided, if possible, at the downslope edge of the contributing area. If curbing
is needed, through-curb ports shall be provided (see Section,6.2.6, p. 6-31).

3. If parking lot wheel stops are necessary, individual wheel stops should have gaps for water to
pass through. The shorter the wheel stops, the better for sheet flow purposes. See Sectiop 6.2.6
(p. 6-31) for requirements.

4. During seeding, slow-release fertilizers may be applied to speed the growth of grass. If the filter
strip is located in a sensitive lake watershed, low phosphorus fertilizers (such as formulations in
the proportion 3:1:3 N-P-K or less) or a slow-release phosphorus formulation such as rock
phosphate or bone meal should be used.

5. Filter strips should be well defined on a site and marked with signs to prevent future destruction
or alteration of the treatment areas. Small at-grade signage is preferred.

Maintenance Features

1. Irrigation may be required in the summer months following initial filter strip construction to
prevent the filter strip grass from wilting or dying. Site planning should address the need for
sprinklers or other means of irrigation.

2. Flatter slopes are preferred for filter strips to make grass mowing easier.

Use with Oil Control Facilities

A site providing oil control (see the high-use definition in Chapter 1) may employ a filter strip for
runoff treatment if a linear sand filter (see Section 6.5.4, p. 6-126) is used for oil control. In this
situation, the sand filter should be designed so that flows exit the underdrain gravel along the whole
length of the trench directly to the filter strip.

ConstructionConsiderations

1. If a filter strip is put into operation before all construction in the contributing drainage catchment has
been completed, the strip must be cleaned of sediment and reseeded prior to acceptance by the
County. The County will not release financial guarantees if the filter strip is not restored and vigorous
grass growth re-established.

1998SurfaceWaterDesignManual 9/1/98
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2. It is preferable to provide erosion control before construction-phase sediment enters the filter strip.
Filter strips are designed to handle only modest sediment loads withoutfrequent maintenance.

Maintenance Considerations

Maintenance considerations, including mowing frequency and sediment removal, are similar to those for

biofiltration swales (see page 6-47).

AR 032109
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6.3.5 NARROW AREA FILTER STRIPS

This section describes a filter strip design _ for impervious areas with flowpaths of 30 feet or less that can __
drain along their widest dimension to grassy areas (see Figure 6.3.4.A, p. 6-57, for definitions of filter strip

geometry terms).

The treatment objectives, applications and limitations, design criteria, materials specifications, and

construction and maintenance requirements set forth in the basic filter strip design apply to narrow filter
strip applications.

If space is available to use the basic filter strip design, that design should be used in preference to the

narrow filter strip. However, along roadways with limited right-of-way, or for narrow parking strips, the
narrow strip may be used.

Consult the water quality menus in Section 6.1 (p. 6-3)for information on how this facility can be used to
meet Core Requirement #8.

6.3.5.1 METHODS OF ANALYSIS

The sizing of a narrow area filter strip is based on the length of flowpath draining to the filter strip and the
longitudinal slope of the filter strip itself (parallel to the flowpath).

Step 1: Determine length of flowpath draining to filter strip. Determine the length of the flowpath from

the upstream to the downstream edge of the impervious area draining sheet flow to the strip. Normally this is
the same as the width of the paved area, but if the site is sloped, the flow path may be longer than the width of

the impervious area.

Step 2: Determine average longitudinal slope of filter strip. Calculate the longitudinal slope of the filter

strip (along the direction of unconcentrated flow), averaged over the total width of the filter strip. The
minimum sizing slope is 2 percent. If the slope is less than 2 percent, use 2 percent for sizing purposes. The -
maximum allowable filter strip slope is 20 percent. If the slope exceeds 20 percent, the filter strip must be

stepped down the slope so that the treatment areas between drop sections do not have a longitudinal slope

greater than 20 percent. Drop sections must be provided with erosion protection at the base and flow
spreaders to re-spread flows. Vertical drops along the slope must not exceed 12 inches in height. If this is

not possible, a different Ueatment facility must be selected.

Step 3: Determine required length of filter strip. Select the appropriate filter strip length for the

flowpath length and filter strip longitudinal slope (Steps 1 and 2 above) from the graph in Figure 6.3.5.A
(p. 6-65). 21 The filter strip must be designed to provide this minimum length L along the entire stretch of

pavement draining into it.

To use the graph: Find the length of the fiowpath on one of the curves (interpolate between curves as

necessary). Move along the curve to the point where the design longitudinal slope of the filter strip (x-
axis) is directly below. Read the filter strip length on the y-axis which corresponds to the intersection

point.

Example

If the length of flowpath through a parking strip is 20 feet and the filter strip will be at 5 percent

longitudinal slope, move along the middle curve until it intercepts the 5 percent grid from the x-axis.
The required filter strip length is 7 feet (read from the y-axis).

20Thisnarrowareafilterstripdesignmethodisincludedherebecausetechnicallimitationsexistinthebasicdesignmethod
whichresultinfilterstripsthatare proportionatelylongerasthecontributingdrainagebecomesnarrower(aresultthatis ..-
counter-intuitive).Researchby severalpartiesis underwayto evaluatefilterstripdesignparameters.Thisresearchmaylead
tomorestringentdesignrequirementsthatwouldsupersedethe designcriteriapresentedhere. _

21ThefilterstriplengthrequirementsreflectedinFigure6.3.5.Aarescaledfromdimensionsof biofiltrationswaletreatmentareas
forthesameslopeandflowrateconditions.
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[I FIGURE 6.3.5.A FILTER STRIP LENGTHS FOR NAPROW RIGHT-OF-WAY II
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Filter Strip Slope

Note: minimum allowable filter strip length is 4feet

6.3.5.2 DESIGN CRITERIA

Required and recommended design criteriafor narrowareafilter stripsare the same as specified for basic
filter strips. Note that for roadway applications, gravel spreadersmust meet the specification for shoulder
ballast given in Section 9-03.9(2) of the current Standard Specifications for Road, Bridge and Municipal
Construction, 1994compacted to 90 percent standard proctor.
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6.4 WETPOOL FACILITY DESIGNS

This section presents the methods, criteria, and details for analysis and design of wetponds, wetvaults, and
stormwater wetlands. These facilities have as a common element a permanent pool of water, the wetpool.
Each of the wetpool facilities can be combined with a detention or flow control pond in a combined
facility. Included are the following specific facility designs:

• Wetponds -- Basic and Large, Section 6.4.1 (p. 6-67)

• Wetvaults, Section 6.4.2 (p. 6-80)

• Stormwater Wetlands, Section 6.4.3 (p. 6-86)

• Combined Detention and Wetpool Facilities, Section 6.4.4 (p. 6-92)

The information presented for each facility is organized into the following two categories:

1. Methods of Analysis: Contains a step-by-step procedure for designing and sizing each facility.
Information used in the procedure is based on available literature but clarified or modified where
deficiencies were identified.22

2. Design Criteria: Contains the details, specifications, and material requirements for each facility.

6.4.1 WETPONDS -- BASIC AND LARGE

A wetpond is a constructedstormwaterpond that retains a permanent pool of water (a "wetpool") at least
during the wet season (see the wetpond detail in Figure 6.4.1.B on page 6-78). The volume of the wetpool
is relatedto the effectiveness of the pond in settling particulatepollutants. The following design
procedures, requirements, and recommendations cover two wetpond applications, the basic wetpond and
the large wetpond. The two sizes are designed for two different levels of pollutant removal.

Applications and Limitations

A wetpond requires a larger area than a biofiltration swale or a sand filter, but it can be integrated to the
contours of a site fairly easily. In till soils, the wetpond holds a permanent pool of water that provides an
attractive aesthetic feature. In more porous soils, wetponds may still be used, but water seepage from
unlined cells could result in a dry pond, particularly in the summer months. Lining with impervious
material is one way to deal with this situation.

Wetponds may be single-purpose facilities, providing only water quality treatment, or they may be
combined with a detention pond to also provide flow control. If combined, the wetpond can often be
stacked under the detention pond with little further loss of development area. See Section 6.4.4 (p. 6-92)
for a description of combined WQ and detention facilities.

Wetponds treat water both by gravity settling and by biological uptake of algae and microorganisms.
Wetponds can remove some dissolved pollutants such as soluble phosphorus by this uptake mechanism.
They are therefore used in the Sensitive Lake Protection menu for phosphorus control in addition to the
Basic WQ menu for solids removal. Wetponds work best when the water already in the pond is moved out
en masse by incoming flows, a phenomena called "plug flow." Because treatment works on this
displacement principle, the dead storage pool of wet'ponds may be provided below the groundwater level
without interfering unduly with treatment effectiveness. However, if combined with a detention function,
the live storage must be above the seasonal high groundwater level.

Consult the water quality menus in Section 6.1 (p. 6-3)for information on how basic and large wetponds
can be used to meet Core Requirement #8.

22Such modificationswere oftenbasedon computermodelingusingthe KingCounty RunoffTime Series(KCRTS) model. Less
frequentlythey werebasedon bench-scalestudies. Back-upstudiesare listed in ReferenceSection5.
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6.4.1.1 METHODS OF ANALYSIS

This section describes methods of analysis for the following two wetpond sizes:

• Basic wetpond (see below)

• Large wetpond (see page 6-71).

E3 BASICWETPOND

The primarydesign factor that determines a wetpond's particulate removal efficiency is the volume of
the wetpool in relation to the volume of stormwater runoff from the mean annual storm. 23 The larger the
wetpond volume in relation to the volume of runoff, the greater the potential for pollutant removal. Also
important are the avoidance of short-circuiting and the promotion of plug flow. Plugflow describes the
hypothetical condition of stormwater moving through the pond as a unit, displacing the "old" water in the
pond with incoming flows. To prevent short-circuiting, water is forced to flow, to the extent practical, to
all potentially available flow routes, avoiding "dead zones" and maximizing the time water stays in the
pond during the active part of a storm.

Design features that encourage plug flow and avoid dead zones are as follows:

• Dissipating energy at the inlet

• Providing a large length-to-width ratio

• Providing a broad surface for water exchange across cells rather than a constricted area.

Maximizing the towpath between inlet and outlet, including the vertical path, also enhances treatment by
increasing residence time.

Wetponds designed using the method below (with the volume = 3V,) and the required design criteria in
Section 6.4.1.2 are expected to meet the Basic WQ menu goal of 80% TSS removal. The actual ....
performance of a wetpond may vary, however, due to a number of factors, including design features,
maintenance frequency, storm characteristics, pond algae dynamics, and waterfowl use.

Procedures for determining a wetpond's dimensions and volume are outlined below.

Step 1: Identify required wetpool volume factor 09. A basic wetpond requires a volume factor of 3.
This means that the required wetpond volume is 3 times the volume of runoff Vr from the mean annual
storm (see Steps 2 and 3).

Step 2: Determine rainfall (R) for the mean annual storm. The rainfall for the mean annual storm R is

obtained by locating the project site on Figure 6.4. I.A (p. 6-69) and interpolating between isopluvials.
Convert to feet for use in Equation (6-13).

Step 3: Calculate runoff from the mean annual storm (V,) for the developed site. The runoff volume
Vr is the amount of rainfall that runs off a particular set of land covers. To determine V, each portion of
the wetpond tributary area is assigned to one of four cover types, each having a different runoff
coefficient: impervious surface, till grass, till forest, or outwash.

• Impervious surface is a compacted surface, such as pavement, gravel, soil, or other hard surfaces, as

well as open water bodies. Note: The effective impervious computations given in Chapter 3, Table
3.2.2.D may be used if desired.

• Till grass is post-development grass or landscaped area and onsite forested land on till soil that are

not permanently in sensitive area buffers or covenants. Till is soil that does not drain readily and, as a

23Themeanannualstormisa statisticallyderivedrainfalleventdefinedbytheO.S.EnvironmentalProtectionAgencyin"Results
oftheNationwideUrbanRunoffProgram,"1986.Itisdefinedastheannualrainfalldividedbythenumberofstormeventsin --_
theyear.TheNURPstudiesrefertopondsizingusinga Vb/Vrratio:theratioofthepondvolumeV_tothevolumeofrunoff
fromthemeanannualstormVr.ThisisequivalenttousingavolumefactorftimesVr.
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I IJ

FIGURE 6.4.1.A PRECIPITATION FOR MEAN ANNUAL STORM IN INCHES (FEET) [[
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result, generates large amounts of runoff. For this application, till soil types include Buckley and

bedrock soils, and alluvial and outwash soils that have a seasonally high water table or are underlain at

a shallow depth (less than 5 feet) by glacial till. U.S. Soil Conservation Service (SCS) hydrologic soil

groups that are classified as till soils include a few B, most C, and all D soils. See Chapter 3 for

classification of specific SCS soil types.
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• Till forest is all permanent onsite forest and/or shrubcover located on till soils that retains the natural
understory vegetation and forest duff, irrespective of age, if densities arc sufficient to ensure at least
80 percent canopy cover within 5 years. To be counted in this category, forest must be protected as
permanent open space. Such areas may be placed in a separate open space tract or may be protected
through covenants or conservation easements. Section 5.2.1 has a brief discussion of forested open
space under the heading "Rural Residential Projects."

• Outwash is soil that infiltrates well and as a result produces small amounts of runoff. SCS hydrologic
soil groups classified as outwash soils include all A, most B, and some C soils. See Chapter 3 for
classification of specific SCS soil types.

Cover categories are based on existing U.S. Department of Agriculture soil survey data or site specific
data where available.

Next, coefficients specific to the four cover types are weighted by the drainage areas and then multiplied
by the rainfall R from Step 2 to produce the runoff volume V,:

Vr = (0.9A/+ 0.25Atg + 0.10Ag+ 0.0lAD x (R/12) (6-13)

where Vr = volume of runoff from mean annual storm (cO
At = areaofimpervioussurface(sf)
A,g= areaoftillsoilcoveredwithgrass(sO
A¢ = area of till soil covered with forest (sO
Ao = area of outwash soil covered with grass or forest (sO
R = rainfall from mean annual storm (inches)

Step 4: Calculate wetpool volume (Vb). Use the results of the previous steps to calculate the required
wetpool volume according to the following equation:

Vb = fV, (6-14)

where Vb = wetpool volume (el)
f = volume factor from Step 1
V, = runoff volume (cf) from Step 3

Step 5: Determine wetpooi dimensions. Determine the wetpool dimensions satisfying the design criteria
outlined below. A simple way to check the volume of each wetpool cell is to use the following equation:

Vb = h(AI + A2) (6-15)
2

where Vb = wetpool volume (cf)
h = wetpool depth (ft)

A1 = water quality design surface area of wetpool (sO AR 032116
A2 = bottom area of wetpool (sO

Step 6: Design pond outlet pipe and determine primary overflow water surface. The design criteria
for wetponds (see Section 6.4.1.2) calls for a pond outlet pipe to be placed on a reverse grade from the
pond's wetpool to the outlet structure. Use the following procedure to design the pond outlet pipe and
determine the primary overflow water surface elevation:

a) Use the homographs in Section 4.3 (Figures 4.3.1.B and 4.3.1.C) to select a trial size for the pond
outlet pipe sufficient to pass the WQ design flow Q_t-

b) Use Figure 4.3.1.F to determine the critical depth de at the outflow end of the pipe for Q,,q.
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C) UseFigure4.2.1.GtodeterminetheflowareaAcatcriticaldepth.

d) Calculatetheflowvelocityatcriticaldepthusingcontinuityequation(Vc= Q,,q/Ac).

e) CalculatethevelocityheadVH (VM=Vc2/2g,whereg isthegravitationalconstant,32.2feetper
second).

f) Determinetheprimaryoverflowwatersurfaceelevationbyaddingthevelocityheadandcriticaldepth
to the invert elevation at the outflow end of the pond outlet pipe (i.e., overflow water surface elevation
= outflow invert +dc + VH)

g) Adjust outlet pipe diameter as needed and repeat Steps (a) through (e).

El LARGE WETPOND

Large wetponds are expected to meet the Sensitive Lake Protection menu goal of 50% total phosphorus
removal. The actual performance of a wetpond may vary, however, due to a number of factors. The

methods of analysis presented above for basic wetponds apply to large wetponds, except that Step 1 is
modified as follows:

Step 1: A large wetpond requires a volume factor of 4.5.

6.4.1.2 DESIGN CRITERIA

This section sets forth design criteria for the following:

• Basic wetpond (see below)

• Large wetpond (see page 6-77).

General wetpond design criteria and concepts are shown in Figure 6.4.1.B (p. 6-78).

El BASIC WETPOND

Wetpool Geometry

l. The wetpool shall be divided into two cells separated by a baffle or berm.24 The first cell shall contain
between 25 to 35 percent of the total wetpool volume. The baffle or berm volume shall not count as
part of the total wetpool volume.

Intent: The full-length berm or baffle promotes plug flow and enhances quiescence and laminar flow
through as much of the entire water volume as possible. Use of a pipe and full-width manifold system
to introduce water into the second cell is possible on a case-by-case basis if approved by DDES.

2. Wetponds with wetpool volumes less than or equal to 4,000 cubic feet may be single celled (i.e., no
baffle or berm is required).

3. Sediment storage shall be provided in the first ceil. The sediment storage shall have a minimum
depth of 1 foot.

4. The minimum depth of the first cell shall be 4 feet, exclusive of sediment storage requirements. The
depth of the first cell may be greater than the depth of the second cell.

5. The maximum depth of each cell shall not exceed 8 feet (exclusive of sediment storage in the first
cell). Pool depths of 3 feet or shallower (second cell) shall be planted with emergent wetland
vegetation (see Planting requirements).

24ASusedhere,thetermbafflemeansaverticaldividerplacedacrosstheentirewidthofthepond,stoppingshortofthepond
bottom.Abermisa verticaldividertypicallybuiltupfromthebottom,orifina vault,connectsallthewaytothebottom.
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6. Inlets and outlets shall be placed to maximize the flowpath through the facility. The ratio of
flowpath length to width from the inlet to the outlet shall be at least 3:1. Theflowpath length is
defined as the distance from the inlet to the outlet, as measured at mid-depth. The width at mid-depth
can be found as follows: width = (average top width + average bottom width)/2.

7. All inlets shall enter the first cell. If there are multiple inlets, the length-to-width ratio shall be based
on the average flowpath length for all inlets.

Berms, Baffles, and Slopes

1. A berm or baffle shall extend across the full width of the wetpool, and tie into the wet'pond side

slopes. If the berm embankments are greater than 4 feet in height, the berm must be constructed by
excavating a key equal to 50% of the embankment cross-sectional height and width. This
requirement may be waived if recommended by a geotechnical engineer for specific site conditions. 2s

2. The top of the berm may extend to the WQ design water surface or be one foot below the WQ
design water surface. If at the WQ design water surface, berm side slopes must be 3H: IV. Berm side
slopes may be steeper (up to 2:1) if the berm is submerged one foot.

Intent: Submerging the berm is intended to enhance safety by discouraging pedestrian access when
side slopes are steeper than 3H:IV.

3. If good vegetation cover is not established on the berm, erosion control measures should be used to
prevent erosion of the berm back-slope when the pond is initially filled.

4. The interior berm or baffle may be a retaining wall provided that the design is prepared and stamped
by a licensed civil engineer. If a baffle or retaining wall is used, it shall be submerged one foot below
the design water surface to discourage access by pedestrians.

5. Criteria for wetpond side slopes and fendng are given under "General Requirements for WQ
Facilities," Section 6.2.3 (p. 6-20).

6. Berm embankments shall be the same as for detention ponds (see Section 5.3. I).

Inlet and Outlet

See Figure 6.4.1.B (p. 6-78) for details on the following requirements:

1. The inlet to the wet'pond shall be submerged with the inlet pipe invert a minimum of two feet from
the pond bottom (not including sediment storage). The top of the inlet pipe should be submerged at
least 1 foot, ff possible.

Intent: The inlet is submerged to dissipate energy of the incoming flow. The distance from the
bottom is set to minimize resuspension of settled sediments. Alternative inlet designs that accomplish

these objectives are acceptable.

2. An outlet structure shall be provided. Either a Type 2 catch basin with a grated opening (jail house
window) or a manhole with a cone grate (birdcage) may be used (see Section 5.3.1.1). No sump is
required in the outlet structure for wetponds not providing detention storage. The outlet structure
receives flow from the pond outlet pipe. The grate or birdcage openings provide an overflow route
should the pond outlet pipe become dogged. Criteria 5 below specifies the sizing and position of the
grate opening.

3. The pond outlet pipe (as opposed to the structure outlet) shall be back-sloped or have a turn-down
elbow, and extend 1foot below the WQ design water surface. Note: Afloating outlet, set to draw
water from l foot below the water surface, is also acceptable if vandalism concerns are adequately

2sThegeotechnicalanalysismustaddresssituationsinwhichoneofthetwocellsisemptywhiletheotherremainsfullofwater.
ThesesituaUonscanoccur,forexample,duringpumpdownofeithercellforsedimentremoval,orwhenwaterfromthe
secondunlinedcellpercolatesintotheground.
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addressed. Intent: The inverted outlet pipe provides for trapping of oils and floatables in the
wetpond.

4. The pond outlet pipe shall be sized, at a minimum, to pass the WQ design flow. Note: The highest
invert of the outlet pipe sets the WQ design water surface elevation.

5. The overflow criteria for single-purpose wetponds areas follows:

a) The requirementfor primary overflow as described for flow control ponds is satisfied by either
the grated inlet to the outlet structureor by a birdcage above the pond outlet structureas shown
in Figure 5.3.1.C.

b) The bottom of the grate opening in the outlet structureshall be set at or above the height needed
to pass the WQ design flow through the pond outlet pipe (see page 6-70 for sizing details). Note:
The grate invert elevation sets the overflow water surface elevation.

c) In flow-through ponds, the grated opening shall be sized to pass the 100-year design flow.

6. An emergency spillway shall be provided and designed according to the requirements for detention
ponds (see Section 5.3.1).

7. A gravity drain formaintenance shall be provided if grade allows.

a) The drain invert shall be at least 6 inches below the top elevation of the dividing berm or baffle.
Deeper drains are encouraged where feasible, but must be no deeper than 18 inches above the
pond bottom.

Intent: to prevent highly sediment-laden water from escaping the pond when drained for
maintenance.

b) The drain shall be at least 8 inches (minimum) diameter and shall be controlled by a valve. Use of
__ a shear gate is allowed only at the inlet end of a pipe located within an approved structure.

Intent: Shear gates often leak if water pressure pushes on the side of the gate opposite the seal.
The gate should be situated so that water pressure pushes toward the seal.

Intent: It is anticipated that sediment removal will only be needed for the first cell in the majority of
cases. The gravity drain is intended to allow water from the first cell to be drained to the second cell
when the first cell is pumped dry for cleaning.

8. Operational access to the valve shall be provided to the finished ground surface.

a) The valve location shall be accessible and well-marked with one foot of paving placed around the
box. It must also be protected from damage and unauthorized operation.

b) A valve box is allowed to a maximum depth of 5 feet without an access manhole. If over 5 feet
deep, an access manhole or vault is required.

9. All metal parts shall be corrosion-resistant. Galvanized materials are discouraged where substitutes
are available.

Access and Setbacks

1. The location of the pond relative to site constraints (e.g., buildings, property lines, etc.) shall be the
same as for detention ponds (see Section 5.3.1). See Section 6.2.3 (p. 6-20) for typical setback
requirements for WQ facilities.

2. Access and maintenance roads shall be provided and designed according to the requirements for
detention ponds (see Section 5.3.1). Access and maintenance roads shall extend to both the wetpond
inlet and outlet structures. An access ramp (7H minimum: 1V) shall be provided to the bottom of the
first cell unless all portions of the cell can be reached and sediment loaded from the top of the pond.
Also see Section 5.3.1, "Access Requirements" for more information on access alternatives.

3. If the dividing berm is also used for access, it must be built to sustain loads of up to 80,000 pounds.
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Signage
l. Signage shall be provided according to the requirements for detention ponds (see Section 5.3.1).

2. If the wetpond is in a lake or sphagnum bog protection area, then signage discouraging feeding of
waterfowl shall be provided. The following or similar wording is suggested: "Please don't feed
waterfowl. It's not good for them, and their droppings are not good for the lake."

Planting Requirements

1. Planting requirements for detention ponds (see Section 5.3.1. l) also apply to wetponds.

If the second cell of the wetpond is 3 feet or shallower, the bottom area shall be planted with emergent
wetland vegetation. See Table 6.4.1.A (p. 6-75) for recommended emergent wetland plant species for
wetponds. Intent: Planting of shallow pond areas helps to stabilize settled sediment and prevent
resuspension.

Note: The recommendations in Table 6.4.1.A are for western Washington only. Local knowledge
should be used to adapt this information if used in other areas.

2. Cattails (Typha latifolia) are not recommended because they tend to crowd out other species, and the
dead shoots need to be removed to prevent oxygen depletion in the wetpool.

3. If the wetpond is in a sensitive lake or sphagnum bog protection area, shrubs that form a dense cover
shall be planted on slopes above the WQ design water surface on at least three sides. For banks that are
berms, no planting is allowed if the berm is regulated by dam safety requirements (see Section 5.3.1).
The purpose of planting is to discourage waterfowl use of the pond and to provide shading. 2e Some
suitable trees and shrubs include vine maple (Acer circinatum), wild cherry (Prunus emarginata), red
osier dogwood (Comus stolonifera), California myrtle (Myrica californica), Indian plum (Oemleria
cerasiformis), and Pacific yew (Taxus brevifolia) as well as numerous ornamental species.

RecommendedDesign Features ._.

The following design features should be incorporated into the wetpond design where site conditions allow:

1. For wetpool depths in excess of 6 feet, it is recommended that some form of recireulation be
provided in the summer, such as a fountain or aerator, to prevent stagnation and low dissolved oxygen
conditions. A special use permit is needed for a pump or fountain in a County maintained pond.

2. A flow length-to-width ratio greater than the 3:1 minimum is desirable. If the ratio is 4:1 or greater,
and a gravity drain for maintenance is provided 12 to 18 inches from the pond bottom, then the
dividing berm is not required, and the pond may consist of one cell rather than two.

3. A tear-drop shape, with the inlet at the narrow end, rather than a rectangular pond is preferred since
it minimizes dead zones caused by corners.

4. A small amount of base flow is desirable to maintain circulation and reduce the potential for low
oxygen conditions during late summer.

5. Evergreen or columnar deciduous trees along the west and south sides of ponds are recommended to
reduce thermal heating, except that no trees or shrubs may be planted on berms meeting the criteria of
dams regulated for safety (see Dam Safety Compliance in Section 5.3.1). In addition to shade, trees
anti shrubs also discourage waterfowl use and the attendant phosphorus enrichment problems they
cause. Trees should be set back so that the branches will not extend over the pond.

Intent: Evergreen trees or shrubs are preferred to avoid problems associated with leaf drop.
Columnar deciduous trees (e.g., hornbeam, Lombardy poplar, etc.) typically have fewer leaves than
other deciduous trees.

2sWaterfowlarebelievedtolimituseofareaswheretheirviewofpredatorapproachpathsisblocked.Somesuitablenative
shrubsincludevinemaple,Indianplum,bittercherry,redosierdogwood,cascara,andredelderberry.Ornamentalhedge
plantssuchas Englishlaurel,pdvetandbarberryarealsogoodchoices.
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: TABLE6A!LA E_RG_ _ r_ SPECIKS RECOMMENDED FOR WETPONDS

Species Common Name Notes Maximum
Depth

INUNDATION TO I FOOT

Agrostis exarata (1) Spike bent grass Prairie to coast to 2 feet

Carex stipata Sawbeak sedge Wet ground

Eleocharis palustris Spike rush Margins of ponds,wet meadows to 2 feet

G/yceria occidentalis Westem mannagrass Marshes, pond margins to 2 feet

Juncus effusus Soft rush Wet meadows, pastures, wetland to 2 feet
margins

Juncus tenuis Slender rush Wet soils,wetland margins

Oenanthe sarmentosa Water parsley Shallow wateralongstreamandpond
margins;needssaturatedsoilsall summer

Scirpus atrocinctus Woolgrass Tolerates shallowwater; tall clumps
(formerly S. cypetinus)

Scirpus microcarpus Small-fruitedbulrush Wet groundto 18 inches depth 18 inches

Sagittaria latifolia Arrowhead

INUNDAT1ON 1 TO 2 FEET

Agrostis exarata (1) Spike bent grass Prairieto coast

A/isma plantago-aquatica Water plantain

E/eochar_spalustris Spike rush Margins of ponds,wet meadows

G/yceria occidentalis Westem mannagrass Marshes, pond margins

Juncus effusus Soft rush Wet meadows, pastures, wetland
margins

Scirpus microcarpus Small-fruited bulrush Wet ground to 18 inches depth 18 inches

Sparganium emmersum Bur reed Shallow standingwater, saturated soils

INUNDATION 1 TO 3 FEET

Carex obnupta Slough sedge Wet groundor standingwater 1.5 to 3 feet

Beckmania syzigachne (_) Westem sloughgrass Wet prairie to pondmargins

Scirpus acutu_ 2) Hardstem bulrush Single tall stems, notclumping to 3 feet

Scirpus va/idus(2) Softstem bulrush

INUNDATION GREATER THAN 3 FEET

Nuphar polysepa/um Spatterdock Deep water 3 to 7.5 feet

Nymphaea odorata (_) White waterlily Shallowto deep ponds to 6 feet

Note_.

(_) Non-native species. Beckmania syzigachne is native to Oregon. Native speciesare preferred.

(2) Scirpus tubers must be planted shallowerfor establishment,and protectedfrom foraging waterfowl until
established. Emerging aerial stems shouldproject above water surface to allow oxygentransport to the roots.

Primary sources:. Municipalityof MetropolitanSeattle, Water Pollution Control Aspects of Aquatic Plants, 1990.
- Hortus Northwest, Wetland Plants for Western Oregon, Issue 2, 1991. Hitchcockand Cronquist,Flora of the Pacific

Northwest, 1973. "
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6. The number of inlets to the facility should be limited; ideally there should be only one inlet. The
flowpath length should be maximized from inlet to outlet for all inlets to the facility.

7. The access and maintenance road could be extended along the full length of the wetpond and could

double as playcourts or picnic areas. Placing finely ground bark or other natural material over the
road surface would render it more pedestrian friendly.

8. Signage discouraging feeding of waterfowl is recommended. Signs entitled "Four reasons not to feed

ducks and geese" are available for purchase from the King County Department of Natural Resources.

9. Stormwater tracts may be credited to meet recreational space requirements under some

circumstances (criteria in KCC 21A.14.180.D) or may sometimes be located in open space set aside
through the four to one program. See Section 5.3.1.1 for details.

10. The following design features should be incorporated to enhance aesthetics where possible:

a) Provide pedestrian access to shallow pool areas enhanced with emergent wetland vegetation. This
allows the pond to be more accessible without incurring safety risks.

b) Provide side slopes that are sufficiently gentle to avoid the need for fencing (3:1 or flatter).

c) Create flat areas overlooking or adjoining the pond for picnic tables or seating that can be used by

residents. Walking or jogging trails around the pond are easily integrated into site design.

el) Include fountains or integrated waterfall features for privately maintained facilities.

e) Provide visual enhancement with clusters of trees and shrubs. On most pond sites, it is important

to amend the soil before planting since ponds are typically placed well below the native soil

horizon in very poor soils. Make sure dam safety restrictions against planting do not apply.

f) Orient the pond length along the direction of prevailing summer winds (typically west or
southwest) to enhance wind mixing. _

Construction Considerations -

1. Sediment that has accumulated in the pond must be removed after construction in the drainage area of

the pond is complete (unless used for a linermsee Criteria 2 below). If no more than 12 inches of
sediment have accumulated after plat construction, cleaning may be left until after building

construction is complete. In general, sediment accumulation from stabilized drainage areas is not
expected to exceed an average of 4 inches per year in the first cell. If sediment accumulation is
greater than this amount, it will be assumed to be from construction unless it can be shown otherwise.

The County will not release maintenance and defect financial guarantees or assume maintenance

responsibility for a facility unless it has been cleaned of construction phase sediments.

2. Sediment that has accumulated in the pond at the end of construction may be used as a liner in

excessively drained soils if the sediment meets the criteria for low permeability or treatment liners

defined in Section 6.2.4 (p. 6-22) and in keeping with guidance given in Table 6.2A.A (p. 6-23).
Sediment used for a soil liner must be graded to provide uniform coverage and thickness.

Maintenance Considerations

1. The pond should be inspected annually. Floating debris and accumulated petroleum products should
be removed as needed, but at least annually.

2. Site vegetation should be trimmed as necessary to keep the pond free of leaves and to maintain the
aesthetic appearance of the site. Slope areas that have become bare should be revegetated and eroded
areas should be regraded prior to being revegetated.

AR 032122

27Windmovingoverthe surfaceof standingwatercanoften inducesomemixingof surfaceandnear-surfacewater,
replentishingoxygenandreducingstagnantconditions.Ifthepondisalignedwiththe prevailingwinddirection,thiseffectcan
bemaximized.
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3. Sediment should be removed when the 1-foot sediment zone is full plus 6 inches. Sediments should
be tested for toxicants in compliance with current disposal requirements if land uses in the catchment
include commercial or industrial zones, or if visual or olfactory indications of pollution are noticed.

4. Water drained or pumped from ponds prior to sediment removal may be discharged to storm drains if
it is not excessively turbid (i.e., if water appears translucent when held to light) and if floatable debris
and visual petroleum sheens are removed. Excessively turbid water (i.e., water appears opaque when
held to light) should be discharged only after the solids have been settled and removed.

LARGEWETPOND

All design criteria for basic wetponds shall apply to large wetponds, with the following modifications:

1. The wetpool for a large wetpond shall have a volume factor of 4.5.

2. If the project is subject to the Sensitive Lake Protection menu or the Sphagnum Bog Protection menu,
the following shall apply:

a) Shrubs that forma dense cover shall be planted along the top of the wetpond bank on cut slopes.
Planting is recommended for bermed slopes, except for berms meeting the criteria of dams
regulated for safety (see Dam Safety Compliance in Section 5.3.1). Evergreen trees and shrubs
are preferred.

Intent: Trees and shrubs discourage waterfowl use. Waterfowl tend to avoid areas that are not
visually open.

b) Measures to enhance waterfowl habitat value (e.g., nesting structures) are not allowed.

c) Signage discouraging feeding of waterfowl is required. Signs entitled "Four reasons not to feed
ducks and geese" are available for purchase from the King County Department of Natural
Resources.

3. Recommended Design Features: If joint use of the facility is planned, public fishing or water contact
access should be limited to the second cell since the first cell functions to collect and concentrate

sediment and attached pollutants.

1998SurfaceWaterDesignManual 9/1/98
6-77

AR 032123



SECTION6.4 WETPOOLFACILITYDESIGNS

I FIGURE 6.4.1.B WETPOND [[
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FIGURE 6.4.1.B WETPOND (CONTINUED)
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6.4.2 WETVAULTS

A wetvault is an undergroundstructure similarin appearance to a detention vault, except that a wetvault
has a permanent pool of water which dissipatesenergy and improves the settling of particulate pollutants
(see the wetvanlt details, Figure 6.4.2.A, on page 6-85). Being underground, the wetvault lacks the
biological pollutant removal mechanisms, such as algae uptake, present in surface wetponds.

Applications and Limitations

A wetvault may be used in any type or size of development. However, it is most practical in relatively
small catchments (less than 10 acres of impervious surface) with high land values because vaults are
relatively expensive. Combined detention and wetvaults are allowed; see Section 6.4.4 (p. 6-92).

A wet-vault is believed to be ineffective in removing dissolved pollutants such as soluble phosphorus or
metals such as copper. There is also concern that oxygen levels will decline, especially in warm summer
months, because of limited contact with air and wind. However, the extent to which this potential problem
occurs has not been documented.

If oil control is required for a project, the wetvault may be combined with the baffle oil/water separator
facility (see Section 6.6.2, p. 6-141) to fulfill Special Requirement #5, "Oil Control" (see Option 5, Section
6.1.5, p. 6-14). Consult the water quality menus in Section 6.1 (p. 6-3)for information on how this facility
can be used to meet Core Requirement #8 and Special Requirement #5.

6.4.2.1 METHODS OF ANALYSIS

As with wetponds, the primary design factor that determines the removal efficiency of a wetvault is the
volume of the wetpool in relationship to the volume of runoff (V,.) from the mean annual storm2a. The
larger the volume, the higher the potential for pollutant removal. Performance is also improved by
avoiding dead zones (like comers) where little exchange occurs, using large length-to-width ratios,
dissipating energy at the inlet, and ensuring that flow rates are uniform to the extent possible and not
increased between ceils.

Wetvaults sized using the design methodology below (with a volume of 3Vr ) and following the required
design criteria in Section 6.4.2.2 are expected to meet the Basic WQ menu goal of 80% TSS removal.

The methods of analysis for the wetvault areidentical to the methods of analysis for the wetpond.
Follow the procedure specified in Section 6.4.1.1 (p. 6-68) to determine the wetpool volume for the
wetvault.

6.4.2.2 DESIGN CRITERIA

In addition to their water quality function, wetvaults may serve a conveyance function, passing flows
above the water quality design flow through to the downstream drainage system. When used to convey
these flows, vaults must meet the conveyance requirements specified in Chapter4.

Typical design details and concepts for the wctvault are shown in Figure 6.4.2.A (p. 6-85).

Wetpool Geometry

Same as specified for wetponds (see Section 6.4.1.2, p. 6-71) except for the following two modifications:

1. Criterion 3: The sediment storage in the first cell shall be an average of 1foot. Because of the v-
shaped bottom, the depth of sediment storage needed above the bottom of the side wall is roughly
proportional to vault width according to the schedule below:

AR 032126

28U.S.EnvironmentalProtectionAgency,ResultsoftheNationwideUrbanRunoffProgram,1986.

9/1/98 1998SurfaceWaterDesignManual
6-80



6.4.2 WET'VAULTS

Vault SedimentDepth
Width I (frombottomofsidewall)

;o,,
2o' I 6"40'
60' 1 4"

2. Criterion 5: The second cell shall be a minimum of 3 feet deep since planting cannot be used to
prevent resuspension of sediment in shallow water as it can in open ponds.

Vault Structure

1. Wetvaults shall be designed as flow-through systems.

2. The vault shall be separated into two cells by a wall or a removable baffle._ If a wall is used, a
5 foot by 10 foot removable maintenance access must be provided for both cells. If a removable
baffle is used, the following criteria apply:

a) The baffle shall extend from a minimum of 1 foot above the WQ design water surface to a
minimum of 1 foot below the invert elevation of the inlet pipe.

b) The lowest point of the baffle shall be a minimum of 2 feet from the bottom of the vault, and
greater if feasible.

3. If the vault is less than 2,000 cubic feet (inside dimensions), or if the length-to-width ratio of the vault
pool is 5:1 or greater, and if a gravity drain is provided 12 to 18 inches from the vault bottom, the
baffle or wall may be omitted and the vault may be one-celled.

4. The two Cells of a wetvanlt should not be divided into additional subcells by internal walls. If
internal structural support is needed, it is preferred that post and pier construction be used to support
the vault lid rather than walls. Any walls used within cells must be positioned so as to lengthen, rather
than divide, the flowpath.

Intent: Treatment effectiveness in wetpool facilities is related to the extent to which plug flow is
achieved and short-circuiting and dead zones are avoided. Structural walls placed within the cells can
interfere with plug flow and create significant dead zones, reducing treatment effectiveness.

5. The bottom of the first cell shall be sloped toward the inlet. Slope should be between 0.5 percent
(minimum) and 2percent (maximum). The second cell may be level (longitudinally) sloped toward
the outlet, with a high point between the first and second cells.

6. The vault bottom shall slope laterally a minimum of 5% from each side towards the center, forming a
broad "v" to facilitate sediment removal. Note: More than one "v" may be used to minimize vault
depth.

Exception: The vault bottom may be fiat if removable panels are provided over the entire vault.
Removable panels shall be at grade, have stainless steel lifting eyes, and weigh no more than 5 tons
per panel.

7. The highest point of a vault bottom must be at least 6 inches below the outlet elevation to provide for
sediment storage over the entire bottom.

8. Provision for passage of flows should the outlet plug shall be provided.

9. Wetvaults may be constructed using arch culvert sections provided the top area at the WQ design
water surface is, at a minimum, equal to that of a vault with vertical walls designed with an average
depth of 6 feet.

Intent: To prevent decreasing the surface area available for oxygen exchange.

29As used here, the term baffle meansa dividerthat does notextendall the wayto the bottomof the vault, or if a bottombaffle,

does not extendall the way tothe topof thewatersurface. A wall is usedhere to meana dividerthatextends all the wayfrom
near the watersurfaceto the bottomof thevault.
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I0. Wetvaults shall conform with the "Materials" and "Structural Stability" criteria specified for
detention vaults in Section 5.3.3.

I I. Where pipes enter and leave the vault below the WQ design water surface, they shall be sealed using
a non-porous, non=shrinking grout.

Inlet and Outlet

1. The inlet to the wetvault shall be submerged with the inlet pipe invert a minimum of 3 feet from the
vault bottom (not including sediment storage). The top of the inlet pipe should be submerged at least
1 foot, if possible.

Intent: The submerged inlet is to dissipate energy of the incoming flow. The distance from the
bottom is to minimize resuspension of settled sediments. Alternative inlet designs that accomplish
these objectives are acceptable.

2. Unless designed as an off-line facility, the capacity of the outlet pipe and available head above the
outlet pipe shall be designed to convey the 100-year design flow for developed site conditions (as

described in Section 5.3.4.2) without overtopping the vault. The available head above the outlet pipe
must be a minimum of 6 inches.

3. The outlet pipe shall be back-sloped or have tee section, the lower arm of which should extend 1 foot
below the WQ design water surface to provide for trapping of oils and floatables in the vault.

4. A gravity drain for maintenance shall be provided if grade allows.

a) The gravity drain should be as low as the site situation allows; however, the invert shall be no
lower than the average sediment storage depth. At a minimum, the invert shall be 6 inches above
the base elevation of the vault side walls.

Intent: This placement prevents highly sediment-laden water from escaping when the vault is
drained for maintenance. A lower placement is allowed than for wetponds since the v-shaped
vault bottom will capture and retain additional sediments.

b) The drain shall be 8 inches (minimum) diameter and shall be controlled by a valve. Use of a shear
gate is allowed only at the inlet end of a pipe located within an approved structure.

Intent: Shear gates often leak if water pressure pushes on the side of the gate opposite the seal.
The gate should be situated so that water pressure pushes toward the seal.

c) Operational access to the valve shall be provided to the finished ground surface. The valve
location shall be accessible and well marked with one foot of paving placed around the box. It
must also be protected from damage and unauthorized operation.

d) If not located in the vault, a valve box is allowed to a maximum depth of 5 feet without an access
manhole. If over 5 feet deep, an access manhole is required.

Access Requirements

Same as for detention vaults (see Section 5.3.3) except for the following additional requirement for
wetvaults:

A minimum of 50 square feet of grate shall be provided over the second cell. For vaults in which the

surface area of the second cell is greater than 1250 square feet, 4% of the top shall be grated. This
requirement may be met by one grate or by many smaller grates distributed over the second cell area.
Note: a grated access door can be used to meet this requirement.

Intent: The grate allows air contact with the wetpool in order to minimize stagnant conditions which
can result in oxygen depletion, especially in warm weather.

AR 032128
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Access Roads, Right of Way, and Setbacks

_ Same as for detention vaults (see Section 5.3.3).

Recommended Design Features

The following design features should be incorporated into wetvaults where feasible, but they are not
specifically required:

I. The floor of the second cell should slope toward the outlet for ease of cleaning.

2. The inlet and outlet should be at opposing corners of the vault to increase the flowpath.

3. A flow length-to-width ratio greater than 3:1 minimum is desirable.

4. Loekable grates instead of solid manhole covers are recommended to increase air contact with the
wetpool.

5. Galvanized materials should be avoided whenever possible.

6. The number of inlets to the wetvault should be limited, and the flowpath length should be maximized
from inlet to outlet for all inlets to the vault.

Construction Considerations

Sediment that has accumulated in the vault must be removed after construction in the drainage area is
complete. If no more than 12 inches of sediment have accumulated after the infrastructure is built,
cleaning may be left until after building construction is complete. In general, sediment accumulation from
stabilized drainage areas is not expected to exceed an average of 4 inches per year in the first cell. If
sediment accumulation is greater than this amount, it will be assumed to be from construction unless it can
be shown otherwise. The County will not release maintenance and defect financial guarantees or assume

- maintenance responsibility for a facility unless it has been cleaned of construction phase sediments.

Maintenance Considerations

I. Accumulated sediment and stagnant conditions may cause noxious gases to form and accumulate in
the vault. Vault maintenance procedures must meet OSHA confined space entry requirements, which
includes clearly marking entrances to confined space areas. This may be accomplished by hanging a
removable sign in the access riser(s), just under the access lid.

2. Facilities should be inspected annually. Floating debris and accumulated petroleum products should
be removed as needed, but at least annually. The floating oil should be removed from wetvaults used
as oil/water separators when oil accumulation exceeds one inch.

3. Sediment should be removed when the 1-foot (average) sediment zone is full thus 6 inches.
Sediments should be tested for toxicants in compliance with current disposal requirements if land uses
in the catchment include commercial or industrial zones, or if visual or olfactory indications of
pollution are noticed.

4. Water drained or pumped from the vault prior to removing accumulated sediments may be discharged
to storm drains if it is not excessively turbid (i.e., if water appears translucent when held to light) and
if all floatable debris and visual petroleum sheens are removed. Excessively turbid water (i.e., water
appears opaque when held to light) should be discharged only after the settleable solids have been
removed.
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SECTION6.4 WETPOOLFACILITYDESIGNS

13 MODIFICATIONS FOR COMBINING WITH A BAFFLE OIl/WATER SEPARATOR

If the project site is a high-use site and a wetvault is proposed to meet the Basic WQ menu criteria, the
vault may be combined with a baffle oil/water separator (see Section 6.6.2) to meet the requirements of
Special Requirement #5 with one facility rather than two. Structural modifications and added design
criteria are given below. However, the maintenance requirements for baffle oil/water separators must be
adhered to, in addition to those for a wetvault. This will result in more frequent inspection and cleaning
than for a wetvault used only for TSS removal. See page 6-150 for information on maintenance of baffle
oil/water separators.

1. The sizing procedures for the baffle oil/water separator (p. 6-142) should be run as a check to ensure
the vault is large enough. If the oil/water separator sizing procedures result in a larger vault size,
increase the wetvault size to match.

2. An oil retaining baffle shall be provided in the second cell near the vault outlet. The baffle should
not contain a high-flow overflow, or else the retained oil will be washed out of the vault during large
storms.

3. The vault shall have a minimum length-to-width ratio of 5:1.

4. The vault shall have a design water depth-to-width ratio of between 1:3 to 1:2.

5. The vault shall be watertight and shall be coated to protect from corrosion.

6. Separator vaults shall have a shutoff mechanism on the outlet pipe to prevent oil discharges during
maintenance and to provide emergency shut-off capability in case of a spill. A valve box and riser
shall also be provided.

7. Wetvaults used as oil/water separators must be off-line and must bypass flows greater than the WQ
design flow.

Intent: This design minimizes the entrainment and/or emulsification of previously captured oil during
very high flow events.

AR 032130
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6.4.2 WETVAULTS
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SECTION6.4 WEI'POOL FACILITYDESIGNS

6.4.3 STORMWATER WETLANDS

In land development situations, wetlands are usually constructed for two main reasons: to replace or
mitigate impacts when natural wetlands are filled or impacted by development (mitigation wetlands), and
to treat storrnwater runoff (stormwater treatment wetlands). Stormwater wetlands are shallow man-made

ponds that are designed to treat stormwater through the biological processes associated with emergent
aquatic plants (see the stormwater wetland details in Figure 6.4.3.A, p. 6-90, and Figure 6.4.3.B,
p. 6-91).

In King County, wetlands created to mitigate disturbance impacts, such as filling, may not also be used as
stormwater treatment facilities. This is because of the different, incompatible functions of the two kinds of
wetlands. Mitigation wetlands are intended to function as full replacement habitat for fish and wildlife,

providing the same functions and harboring the same species diversity and biotic richness as the wetlands

they replace. Storrnwater treatment wetlands are used to capture and transform pollutants, just as

wetponds are, and over time the sediment will concentrate pollutants. This is not a healthy environment
for aquatic life. Stormwater treatment wetlands are used to capture pollutants in a managed environment

so that they will not reach natural wetlands and other ecologically important habitats. In addition,

vegetation must be harvested and sediment dredged in stormwater treatment wetlands, further interfering
with use for wildlife habitat.

In general, stormwater wetlands perform well to remove sediment, metals, and pollutants which bind to
humic or organic acids. Phosphorus removal in stormwater wetlands is highly variable. 3°

Applications and Limitations

This stormwater wetland design occupies about the same surface area as wetponds, but has the potential to

be be:mr integrated aesthetically into a site because of the abundance of emergent aquatic vegetation. The
most critical factor for a successful design is the provision of an adequate supply of water for most of the

year. Careful planning is needed to be sure sufficient water will be retained to sustain good wetland plant

growth. Since water depths are shallower than in wetponds, water loss by evaporation is an important
concern. Stormwater wetlands are a good WQ facility choice in areas with high winter groundwater
levels.

Consult the water quality menus in Section 6.1 (p. 6-3)for information on how this facility can be used to
meet Core Requirement #8.

6.4.3.1 METHODSOFANALYSIS

When used for stormwater treatment, stormwater wetlands employ some of the same design features as

wetponds. However, instead of gravity settling being the dominant treatment process, pollutant removal

mediated by aquatic vegetation and the microbiological community associated with that vegetation
becomes the dominant treatment process. Thus when designing wetlands, water volume is not the

dominant design criteria. Rather, factors which affect plant vigor and biomass are the primary concerns.

Stormwater wetlands designed and constructed using the criteria below are expected to meet the Basic

WQ menu goal of 80% TSS removal and the Resource Stream Protection goal of 50% total zinc removal.

Steps I through 5: Determine the volume of a basic wetpond. Follow Steps 1 through 5 for wetponds

(see Section 6.4.1.1, p. 6-68). The volume of a basic wetpond is used as a template for sizing the
stormwater wetland.

Step 6: Calculate the surface area of the stormwater wetland. The surface area of the wetland shall be

the same as the top area of a wetpond sized for the same site conditions. Calculate the surface area of the

stormwater wetland by using the volume from Step 5 and dividing by the average water depth (use 4 feet).

30Richardson,C. 1987. "Mechanismscontrollingphosphorusretentioncapacityinfreshwaterwetlands,"Science,228: 1424.
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6.4.3 STORMWATERWETLANDS

Step 7: Determine the surface area of the first cell of the stormwater wetland. Use the volume
determined from Criterion 2 under "Wetland Geometry" (p. 6-87), and a depth of 4 feet.

Step 8: Determine the surface area of the wetland cell. Subtract the surface area of the first cell
(Step 7) from the total surface area (Step 6).

Step 9: Determine water depth distribution in the second cell, Decide if the top of the dividing berm
will be at the surface or submerged (designer's choice). Adjust the distribution of water depths in the
second cell according to Criterion 8 under "Wetland Geometry" below. Note: This will result in afacility
that holds less volume than that determined in Step 5 above. This is acceptable.

Intent: The surface area of the stormwater wetland is set to be roughly equivalent to that of a wetpond
designed for the same site so as not to discourage use of this option.

Step 10: Choose plants. See Table 6.4.1.A (p. 6-75) for a list of plants recommended for wetpond water
depth zones, or consult a wetland scientist.

6.4.3.2 DESIGN CRITERIA

Typical details for a stormwater wetland are shown in Figure 6.4.3.A (p. 6-90) and Figure 6.4.3.B
(p. 6-91).

Wetland Geometry

1. Stormwater wetlands shall consist of two cells, a presettling cell and a wetland cell.

2. The presettHng cell shall contain a volume equal to the volume of runoff from the mean annual storm
(Vr). This is approximately 33 percent of the wetpool volume calculated in Step 5 of "Methods of
Analysis," Section 6.4.3.1.

3. The depth of the presettling cell shall be between 4 feet (minimum) and 8 feet (maximum).

4. One foot of sediment storage shall be provided in the presettling cell.

5. The wetland cell shall have an average water depth of about 1.5 feet (plus or minus 3 inches).

6. The "berm" separating the two cells shall be shaped such that its downstream side gradually slopes to
form the second shallow wetland cell (see the section view in Figure 6.4.3.A, p. 6-90). Alternatively,
the second cell may be graded naturalistically from the top of the dividing berm (see Criterion 8
below).

7. Thetopofberm shallbeeitherattheWQ designwatersurfaceorsubmergedIfootbelowtheWQ
designwatersurface,aswithwetponds.Correspondingly,thesideslopesofthebermmustmeetthe
followingcriteria:

a) IfthetopofbermisattheWQ designwatersurface,thebermsideslopesshallbenosteeperthan
3H: 1V.

b) If the top of berm is submerged 1foot, the upstream side slope may be up to 2H:IV. 31

8. Two options (A and B) are provided for grading the bottom of the wetland cell. Option A is a
shallow, evenly graded slope from the upstream to the downstream edge of the wetland cell (see
Figure 6.4.3.A, p. 6-90). Option B is a "naturalistic" alternative, with the specified range of depths
intermixed throughout the second cell (see Figure 6.4.3.B, p. 6-91). A distribution of depths shall be
provided in the wetland cell depending on whether the dividing berm is at the water surface or
submerged (see Table 6.4.3.A, below). The maximum depth is 2.5 feet in either configuration.

31Ifthebermisatthewatersurface,thenforsafetymasons,itsslopemustbenogreaterthan3:1,justasthepondbanksmust
be3:1ifthepondisnotfenced.Asteeperslope(2:1ratherthan3:1) isallowedifthebermissubmergedin1footofwater.If
submerged,thebermitisnotconsideredaccessible,andthesteeperslopeisallowed.
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SECTION6.4 WETPOOLFACILITYDESIGNS

[ i TAB_6 4_:A D_UTIONOF DEPTHSIN WETLAND CELL

DIVIDINGBERMATWQDESIGNWATER DIVIDINGBERMSUBMERGED1 FOOT
SURFACE

Depth Range (feet) Percent Depth Range(feet) Percent

0.1to 1 25 1 to 1.5 40

1 to 2 55 1.5to 2 40

2 tO2.5 20 2 to2.5 20

Lining Requirements

1. In infiltrative soils, both cells of the stormwater wetland shall be lined. To determine whether a low-
permeability liner or a treatment liner is required, determine whether the following conditions will be
met. If soil permeability will allow sufficient water retention, lining may be waived.

• The second cell must retain water for at least 10 months of the year.

• The first cell must retained at least three feet of water year-round.

• The complete KCRTS precipitation record should be used when establishing these conditions.

Intent: Many wetland plants can adapt to periods of summer drought, so a limited drought period is
allowed in the second cell. This may allow a treatment liner rather than a low permeability liner to be
used for the second cell. The first cell must retain water year-round in order for the presettling
functic,_ to be effective.

2. If a low permeability liner is used, a minimum of 18 inches of native soil amended with good topsoil
or compost (one part compost mixed with 3 parts native soil) must be placed over the liner. For
geomembrane liners, a soil depth of 3 feet is recommended to prevent damage to the liner during
planting. Hydric soils are not required.

3. The criteria for liners given in Section 6.2.4 (p. 6-22) must be observed.

Inlet and Outlet

Same as for basic wetponds (see page 6-72).

Access and Setbacks

l. Location of the stormwater wetland relative to site constraints (e.g., buildings, property lines, etc.)
shall be the same as for detention ponds (see Section 5.3.1). See Section 6.2.3 (p. 6-20) for typical
setback requirements for WQ facilities.

2. Access and maintenance roads shall be provided and designed according to the requirements for
detention ponds (see Section 5.3.1). Access and maintenance roads shall extend to both the wetland
inlet and outlet structures. An access ramp (7I-Iminimum: IV) shall be provided to the bottom of the
first cell unless all portions of the cell can be reached and sediment loaded from the top. of the
wetland side slopes. Also see "Access Requirements" in Section 5.3.1, for more information on
access altematives.

3. If the dividing berm is also used for access, it must be built to sustain loads of up to 80,000 pounds.

Signage

1. Signage shall be provided according to the requirements for detention ponds (see Section 5.3.1). -._

AR 032134
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6.4.3 STORMWATER WETLANDS
III

2. If the wetland is in a lake or sphagnum bog protection area, then signage prohibiting feeding of
waterfowl shall be provided.

Planting Requirements

The wetland cell shall be planted with emergent wetland plants following the recommendations given in
Table 6.4.1.A (p. 6-75) or the recommendations of a wetland specialist. Note: Cattails (Typha latifolia)
are not recommended. They tend to escape to natural wetlands and crowd out other species. In addition,
the shoots die back each fall and will result in oxygen depletion in the wetpool unless they are removed.

Construction and Maintenance Considerations

Construction and maintenance considerations are the same as for basic wetponds. Construction of the
naturalistic alternative (Option B) can be easily done by first excavating the entire area to the 1.5-foot
average depth. Then soil subsequently excavated to form deeper areas can be deposited to raise other
areas until the distribution of depths indicated in the design is achieved.

AR 032135
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SECTION6.4 WETPOOLFACILITYDESIGNS

I FIGURE 6.4.3.A STORMWATER WETLAND -- OPTION A [I ....
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6.4.3 STORMWATER WETLANDS

_ [[ FIGURE 6.4.3.B STORMWATER WETLAND -- OPTION B II
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SECTION6.4 WEIP(X_L FACILITYDESIGNS

6.4.4 COMBINED DETENTION AND WETPOOL FACII.ITIES ,

Combined detention and WQ wetpool facilities have the appearance of a detention facility but contain a

permanent pool of water as well. The following design procedures, requirements, and recommendations

cover differences in the design of the stand-alone WQ facility when combined with detention storage. The
following combined facilities are addressed:

• Detention/wetpond (basic and large)

• Detention/wetvault

• Detention/stormwater wetland.

There are two sizes of the combined wetpond, a basic and a large, but only a basic size for the combined

wetvault and combined stormwater wetland. The facility sizes (basic and large) are related to the pollutant
removal goals stated in the WQ menus. See Section 6.1 (p. 6-3) for more information on the WQ menus
and treatment goals.

Applications and Limitations
Combined detention and water quality facilities are very efficient for sites which also have detention

requirements. The water quality facility may often be placed beneath the detention facility without
increasing the facility surface area. However, the fluctuating water surface of the live storage will create

unique challenges for plant growth and for aesthetics alike.

The basis for pollutant removal in combined facilities is the same as in the stand-alone WQ facilities.

However, in the combined facility, the detention function creates fluctuating water levels and added
turbulence. For simplicity, the positive effect of the extra live storage volume and the negative effect of

increased turbulence are assumed to balance, and are thus ignored when sizing the wetpool volume.32 For
the combined detention/stormwater wetland, criteria that limit the extent of water level fluctuation are

specified to better ensure survival of the wetland plants.

Unlike the wetpool volume, the live storage component of the facility should be provided above the
seasonal high water table.

Consult the water quality menus in Section 6.1 (p. 6-3)for information on how these combined facilities

can be used to meet Core Requirement #8.

6.4.4.1 METHODS OF ANALYSIS

E] COMBINED DETENTION AND WETPOND (BASIC AND LARGE)

The methods of analysis for combined detention and wetponds are identical to those outlined for wetponds

and for detention facilities. Follow the procedure specified in Section 6.4.1.1 (p. 6-68) to determine the

wetpool volume for a combined facility. Follow the standard procedure specified in Chapter 5 to size the
detention portion of the pond.

Q COMBINED DETENTION AND WETVAULT

The methods of analysis for combined detention and wetvaults are identical to those outlined for wetvaults

and for detention facilities. Follow the procedure specified in Section 6.4.2 (p. 6-80) to determine the
wetvautt volume for a combined facility. Follow the standard procedure specified in Chapter 5 to size the

detention portion of the vault.

AR 032138 -
32Manyof thepondsstudiedinthe NationwideUrbanRunoffProgramwerecombinedponds.
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6.4.4 COMBINEDDETENTIONANDWETPOOLFACILITIES

E] COMBINED DETENTION AND STORMWATER WETLAND

The methods of analysis for combined detention and stormwater wetlands are identical to those outlined
for stormwater wetlands and for detention facilities. Follow the procedure specified in Section 6.4.3.1
(p.6-86) to determine the stormwater wetland size. Follow the standard procedure specified in Chapter 5
to size the detention portion of the wetland.

6.4A.2 DESIGN CRITERIA

El COMBINED DETENTION AND WETPOND (BASIC AND LARGE)

Typical design details and concepts for a combined detention and wetpond are shown in Figure 6.4.4.A
(p. 6-96). The detention portion of the facility shall meet the design criteria set forth in Chapter 5 and
sizing procedures in Chapter 3.

Detention and Wetpool Geometry

I. The wetpool and sediment storage volumes shall not be included in the required detention volume.

2. The "Wetpooi Geometry" criteria for wetponds (see page 6-71) shall apply with the following
modifications/clarifications:

a) Criterion 1: The permanent pool may be made shallower to take up most of the pond bottom, or
deeper and positioned to take up only a limited portion of the bottom. Note, however, that having
the first wetgool cell at the inlet allows for more efficient sediment management than if the cell is
moved away from the inlet. Wetpond criteria governing water depth must, however, still be met.
See Figure 6.4.4.B (p. 6-98) for two possibilities for wetpool cell placement.

Intent: This flexibility in positioning cells is provided to allow for multiple use options, such as
volleyball courts in live storage areas in the drier months. Landscape credit can be received
subject to criteria in KCC 21A.14.180.D, summarized in "Stormwater Tracts as Recreational or
Open Space" in Section 5.3.1.1.

b) Criterion 3: The minimum sediment storage depth in the first cell is l foot. The 6 inches of
sediment storage required for detention ponds does not need to be added to this, but 6 inches of
sediment storage must be added to the second cell to comply with the detention sediment storage
requirement.

Berms, Baffles, and Slopes

Same as for wetponds (see page 6-72).

Inlet and Outlet

The "Inlet and Outlet" criteria for wetponds (see page 6-72) shall apply with the following modifications:

1. Criterion 2: A sump must be provided in the outlet structure of combined ponds.

2. The detention flow restrictor and its outlet pipe shall be designed according to the requirements for
detention ponds (see Section 5.3.4.2).

Access and Setbacks

Same as for wetponds (see page 6-73).

AR 032139
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SECTION6.4 WETPOOLFACILITYDESIGNS

Signage

l. Signage shall be provided according to the requirements for detention ponds (see Section 5.3.1). ----

2. If the wetpond is in a lake or sphagnum bog protection area, signage prohibiting feeding of waterfowl
shall be provided.

PlantingRequirements
Same as for wetponds (see page 6-74).

Q COMBINEDDETENTIONANDWETVAULT

The design criteria for detention vaults and wetvaults must both be met, except for the following
modifications or clarifications:

1. The minimum sediment storage depth in the first cell shall average 1foot. The 6 inches of sediment
storage required for detention vaults does not need to be added to this, but 6 inches of sediment
storage must be added to the second cell to comply with detention vault sediment storage
requirements.

2. The oil retaining baffle shall extend a minimum of 2 feet below the WQ design water surface.

Intent: The greater depth of the baffle in relation to the WQ design water surface compensates for the
greater water level fluctuations experienced in the combined vault. The greater depth is deemed prudent
to better ensure that separated oils remain within the vault, even during storm events.

Note: If a vault is used for detention as well as water quality control, the facility may not be modified to
function as a baffle oil separator as allowed for wetvaults on page 6-84. This is because the added
pool fluctuation in the combined vault does not aUowfor the quiescent conaitions needed for oil
separation.

121COMBINEDDETENTIONANDSTORMWATERW_'ll.AND

/stormwater The design criteria for detention ponds and stormwater wetlands must both be met, except for
the following modifications or darifications:

I. The "Wetland Geometry" criteria for stormwater wetlands (see page 6-87) are modified as follows:

Criterion 4: The minimum sediment storage depth in the first cell is 1foot. The 6 inches of
sediment storage required for detention ponds does not need to be added to this, nor does the 6
inches of sediment storage in the second cell of detention ponds need to be added.

Intent: Since emergent plants are limited to shallower water depths, the deeper water created
before sediments accumulate is considered detrimental to robust emergent growth. Therefore,
sediment storage is confined to the first cell which functions as a presettling cell.

2. The "Inlet and Outlet" criteria for wetponds (see page 6-72) shall apply with the following
modifications:

a) Criterion 2: A sump must be provided in the outlet structure of combined facilities.

b) The detention flow restrictor and its outlet pipe shall be designed according to the requirements
for detention ponds (see Section 5.3.4.2).

3. The "Planting Requirements" for stormwater wetlands (see page 6-89) are modified to use the
following plants which are better adapted to water level fluctuations:

• Scirpus acutus (hardstem bulrush) 2 - 6' depth

• Scirpus microcarpus (small-fruited bulrush) 1- 2.5' depth AR 032140
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6.4.4COMBINEDDETEN_ON AND WETPOOL FACILITIES

• Sparganium emersum (burreed) 1 - 2' depth

• Sparganium eurycarpum (burreed) 1 - 2' depth

• Veronica sp. (marsh speedwell) 0 - l'depth

In addition, the shrub Spirea douglasii ('Douglas spirea) may be used in combined facilities.

Water Level Fluctuation Restrictions: The difference between the WQ design water surface and the
maximum water surface associated with the 2-year runoff shall not be greater than 3 feet. If this
restriction cannot be met, the size of the stormwater wetland must be increased. The additional area
may be placed in the first cell, second cell, or both. If placed in the second cell, the additional area
need not be planted with wetland vegetation or counted in calculating the average depth.

Intent: This criterion is designed to dampen the most extreme water level fluctuations expected in
combined facilities to better ensure that fluctuation-tolerant wetland plants will be able to survive in
the facility. It is not intended to protect native wetland plant communities and is not to be applied to
natural wetlands.

AR 032141
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SECTION6.4 WETPOOLFACILITYDESIGNS

I FIGURE 6.4.4.A COMBINED DETENTION AND WETPOND I
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6.4.4 COMBINED DETENTION AND WETPOOL FACILITIES

j " IIFIGURE 6.4.4.A COMBINED DETENTION AND WETPOND (CONTINUED)
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[ FIGURE 6.4.4.B ALTERNATIVE CONFIGURATIONS OF DETENTION AND WETPOOL AREAS II
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

6.5 MEDIA FILTRATION FACILITY DESIGNS

This section presents the methods, criteria, and details for analysis and design of sand filters and generic

information for leaf compost filters. Specifically, the following specific facility designs are included in
this section:

• Sand Filters -- Basic and Large, Section 6.5.2

• Sand Filter Vaults, Section 6.5.3

• Linear Sand Filters, Section 6.5.4

• Leaf Compost Filters (LCF), Section 6.5.5

The information presented for each filtration facility is organized into the following categories:

1. Methods of Analysis: Contains a step-by-step procedure for designing and sizing each facility.
Information used in the procedure is based on available literature, but clarified or modified where
deficiencies were identified, aa

2. Design Criteria: Contains the details, specifications, and material requirements for each facility.

6.5.1 GENERAL REQUIREMENTS FOR 1VWDIAFILTRATION
FACILITIES

Presettling Requirement

Filtration facilities are particularly susceptible to clogging. Presettling must therefore be provided before
stormwater enters a filtration facility. This requirement may be met by any of the following:

1. A water quality facility from the Basic WQ Menu (see Section 6.1.1 for facility options).

2. A presettling pond or vault, which can be integrated as the first cell of the filtration facility, with a
treatment volume equal to 0.75 times the runoff from the mean annual storm (Vr = 0.75). See

Section 6.4.1.1 (p. 6-68) for information on computing Vr. See design requirements below. Note: For
the linear sand filter, use the sediment cell sizing given in the design instead of the above sizing.

3. A detention pond sized to meet the Level 2 flow control standard.

Other Pretreatment Requirements

1. Sand filters not preceded by a facility that captures fioatables, such as a spill control tee, must provide
pretreatment to remove floatable trash and debris before flows reach the sand bed. This

requirement can be met by providing a catch basin with a riser on the inlet to the sand filter (see
Figure 6.5.2.C, p. 6-118).

2. For high-use sites, sand filters must be preceded by an oil control option from the High-Use menu,
Section 6.t.5 (p. 6-14).

Design Criteria For Presettling Cells

1. If water in the presettling cell or upstream WQ facility will be in direct contact with the soil, it must be
lined per the liner requirements in Section 6.2.4.

Intent: to prevent groundwater contamination from untreated stormwater runoff in areas of
excessively drained soils.

33SuchmodificationswereoftenbasedoncomputermodelingusingtheKingCountyRunoffTimeSeries(KCRTS)model.Less
frequently,theywerebasedonbench-scalestudies.Back-upstudiesare listedinReferenceSection5.
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2. The presettling cell shall conform to the following:

a) The length-to-width ratio shall be 3:1. Berms or baffles may be used to lengthen the flowpath. -

b) The minimum depth shall be 3 feet; the maximum depth shall be 6 feet.

3. Inlets and outlets shall be designed to minimize velocity and reduce turbulence.

6.5.2 SAND FH,TERS m BASIC AND LARGE

A sandfilter operates much like an infiltrationpond (see the sand filter detail in Figure 6.5.2.A, p. 6-116).
However, instead of infiltrating into native soils, stormwaterfilters through a constructed sand bed with an
underdrain system. Runoff enters the pond and spreadsover the surface of the filter. As flows increase,
water backs up in the pond where it is held until it can percolate through the sand. The treatment pathway
is vertical (downwardthrough the sand) ratherthan horizontal as it is in biofiltration swales and filter
strips. High flows in excess of the WQ treatment goal simply spill out over the top of the pond. Water
that percolates through the sand is collected in an underdrainsystem of drain rock and pipes which directs
the treated runoff to the downstream drainage system.

A sand filter removes pollutants by filtration. As stormwater passes through the sand, pollutants are
trapped in the small spaces between sand grains or adhere to the sand surface. Over time, soil bacteria will

also grow in the sand bed, and some biological treatment may occur. To get better performance from a
sand filter, the volume of water spilled over the top should be reduced. Increasing the sand thickness will
not dependably improve performance.

The following design procedures, requirements, and recommendations cover two sand filter sizes: a basic
size and a large size. The basic sand filter is designed to meet the Basic WQ menu goal of 80% TSS
removal. The large sand filter is expected to meet the Sensitive Lake Protection menu goal of 50% total
phosphorus removal.

Applications and Limitations

A sand filter can be used in most residential, commercial, and industrial developments where site
topography and drainage provide adequate hydraulic head to operate the filter. An elevation difference
of about 4 feet between the inlet and outlet of the filter is usually needed to install a sand filter.

Sand filters could be easily integrated into landscape plans as areas for summer sports, such as volleyball.
Landscape uses may be somewhat constrained because the vegetation capable of surviving in sand is
limited. Trees and shrubs which generate a large leaf fall should be avoided in the immediate vicinity of
the filter because leaves and other debris can clog the surface of the filter.

Sand filters are designed to prevent water from backing up into the sand layer (the underdrain system must
drain freely). Therefore, a sand filter is more difficult to install in areas with high water tables where
groundwater could potentially flood the underdrain system. Water standing in the underdrain system will
also keep the sand saturated. Under these conditions, oxygen can be depleted, releasing pollutants such as
metals and phosphorus that are more mobile under anoxic conditions.

Because the surface of the sand filter will clog from sediment and other debris, this facility should not be
used in areas where heavy sediment loads are expected. A sand filter should not be used during
construction to control sediments unless the sand bed is replaced periodically during construction and after
the site is stabilized.

Consult the water quality menus in Section 6.1 (p. 6-3)for information on how basic and large sand filters
can be used to meet Core Requirement # 8.

AR 032146
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6.5.2 SAND FILTERS-- BASICAND LARGE-- METHODS OFANALYSIS

6.5.2.1 METHODS OF ANALYSIS

This section presents the methods of analysis for both basic and large sand filters.

A sand filter is designed with two parts: (I) a temporary storage reservoir to store runoff, and (2) a sand

filter bed through which the stored runoff must percolate. Usually the storage reservoir is simply placed
directly above the filter, and the floor of the reservoir pond is the top of the sand bed. For this case, the
storage volume also determines the hydraulic head over the filter surface, which increases the rate of flow
through the sand.

Two methods are given here to size sand filters: a simple method and a detailed computer modeling

method. The simple method uses standard values to define filter hydraulic characteristics for determining
the sand surface area. This method is useful for planning purposes, for a first approximation to begin
iterations in the detailed method, or when use of the detailed computer model is not desired or not
available. The simple sizing method very often results in a larger filter than the detailed method.

The detailed routing method uses the King County Runoff Time Series (KCRTS) computer model to

determine sand filter area and pond size based on individual site conditions.34 Use of the KCRTS design
method very often results in smaller filter sizes than the simple method, especially if the facility is

downstream of a detention pond. Both methods include parameters for sizing either a basic or a large
sand filter.

Background

There are several variables used in sand filter design which are similar and often confused, even by well-
trained individuals. Use of these variables is explained below.

The sand filter design is based on Darcy's law:

Q = K/A (6-16)

where Q = WQ design flow (cfs)

K = hydraulic conductivity (fps)

A = surface area perpendicular to the direction of flow (sf)

i = hydraulic gradient (ft/ft) for a constant head and constant media depth, computed as
follows:

h+l (6-17)i =
l

where h = average depth of water above filter (ft), defined for this design as d/2
d = maximum storage depth above filter (ft)
l = thickness of sand media (ft)

Although it is not seen directly, Darcy's law underlies both the simple and the routing design methods. V,
or more correctly, I/V, is the direct input in the sand filter design. The relationship between V and K is

revealed by equating Darcy's law and the equation of continuity, Q = VA. Note: When water isflowing
into the ground, V is commonly called the filtratton rate. It is ordinarily measured in a percolation test.

s4TheseflowsareroughlyequivalenttotheWQdesignflowsusedbythe Dept.of Ecologyinit's1992stormwatermanagement
manual.TheEcologydesignflowisbasedonthepeakflowpredictedbytheSBUHeventmodelfor64%of the2-year24-hourrainfall.
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SECTION6.5 MEDIAFILTRATIONFACILITYDESIGNS

Specifically:

Q = KiA and Q = VA

SO

VA = KiA or V = Ki (6-15)

NotethatV _ K_at is,thefiltrationrateisnotthesameasthehydraulicconductivity,buttheydohave
thesameunits(distancepertime).K canbeequatedtoV bydividingV bythehydraulicgradienti,which
isdefinedaboveinEquation(6-17).

ThehydraulicconductivityK doesnotchangewithheadnorisitdependentonthethicknessofthe
media,onlyonthecharacteristicsofthemediaandthefluid.The hydraulicconductivityofIinchper
hour(2.315x 10"sfps)usedinthisdesignisbasedonbench-scaletestsofconditionedratherthanclean

sand.Thisdesignhydraulicconductivityrepresentstheaveragesandbedconditionassiltiscapturedand
heldinthefilterbed?s

Unlike the hydraulic conductivity, the filtration rate V changes with head and media thickness, although
the media thickness is constant in the sand filter design. Table 6.5.2.B on page 6-106 shows values of V
for different water depths d (remember, d = 2h).

The KCRTS programuses the inverse of the filtration rate, 1/V, in units of minutesper inch; this is how
Darcy's law is expressed in the design. The simple method is also based on l/V, but flows and areasare
computed for the user in terms of acre equivalents. Thus both the simple and the KCRTS method are
based on Darcy's law.

The simple sizing method is different from the KCRTS method because it does not route flows through the
filter. It determines the size of the filter based on the simple assumption that inflow is immediately
discharged through the filter as if there were no storage volume. An adjustment factor-the 0.7 in ....
Equation (6-19)--is applied to compensate for the greaterfilter size resulting from this method. Even with
this adjustment factor, however, the simple method generally produces larger filter sizes than the detailed
routing method.

Simple Sizing Method

The simple method has been developed to design sand filters that meet the required treatment volume
without performing detailed modeling. Steps for the simple sizing procedure are summarized below.

Step 1: Determine whether a basic or large sand filter is needed. Consult the water quality menus in
Section 6.1 (p. 6-3) to determine the size of filter needed, either basic or large.

Step 2: Determine the rainfall region and regional scale factor. Regional scale factors are used to
account for differences in rainfall at locations distant from the two gaging locations in King County,
Sea-Tac Airport and Landsburg. Refer to the precipitation scaling map in Chapter 3, Figure 3.2.2.A, to
determine the scale factor for the project area.

Step 3: Determine maximum depth of water above sand filter. Determine the maximum water storage
depth above the surface of the filter. This depth is defined as the depth at which water begins to overflow
the reservoir pond, and it depends on site topography and hydraulicconstraints. The depth is chosen by
the designer.

AR 032148

3s King County has tested various sand mixes conditioned with simulated stormwater to establish realistic design standards.

Tests were conducted under falling head conditions in columns containing 18 inches of sand underlain with a 2-inch layer of
washed drain gravel containing a section of 2-inch perforated PVC pipe to simulate the underdraln system. Details are given
in Koon, John, "Determination of infiltration rate and hydraulic conductivity for various sand filter media. " January 1996.
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6.5.2 SAND FILTER$_ BASIC AND LARGEm METHODS OFANALYSIS

Step 4: Determine site characteristics. Determine the total number of impervious acres and the total
number of grass acres draining to the sand filter. Determine whether the site is on till or outwash soils.

Refer to Table 3.2.2.B in Chapter 3 to determine which soil types are considered till and which are
considered outwash.

Step 5. Calculate minimum required surface area for sand filter. Determine the sand filter area by
multiplying the values in Table 6.5.2.A by the site acreages from Step 4 using the following equation:

A_f = 0.7C s (TiA i + Tt:tg + T:¢+ To:og ) (6-19)

where Asf = sand filter area (sO

0.7 = adjustment factor to account for routing effect on size
Cs = regional scale factor (unitless) from Step 2

Ti, tg,og = tributary area per soil/cover type (acres)

Ai, tg,og = filter area per soil/cover type (sf/acre) from Table 6:5.2.A

For depths between the values given in the table, areas can be interpolated. For depths outside the range
presented in the table, the detailed routing method must be used.

TA:B_6.5._ S_m_R__C_NTSFORVARIOUSSOIL_ COVER TYPES

SOIL AND COVER TYPES u
[filter area (sf) / tributary area (acre)]

Region and Maximum Depth Ai Art A. t
Treatment Goal above filter (ft) Impervious Till Grass Outwash Grass

SeaoTac 6 760 160 140

Basic size 3 1140 240 210

1 1711 360 314

Landsburg 6 819 180 160

Basic size 3 1229 270 235

1 1844 405 355

Sea-Tac 6 1179 279 250

Large size 3 1769 419 370

1 2654 629 550

Landsburg 6 1300 300 260

Large size 3 1950 449 395

1 2926 674 590

Note: Forested areas may be ignored. Vegetated areas other than grass may still be represented as
grass for the simple sizing method, or the detailed routing method may be employed using actual cover
types.

asThevaluesinTable6.5.2.Awerederivedasfollows.FlowswereestimatedusingtheKCRTSmodelforoneacreofthe cover
typesselectedinthe table. Darcy'slaw(Q = KiA) wasthenusedtodeterminesandfilterareausingthisflowQ,the hydraulic
gradienti forthevariouspendingdepthsgiven,anda hydraulicconductivityk of2.3X 10"sfps(1inch/hr).Thehydraulic
gradienti wascalculatedas(h+/)/I,whereh = theaveragedepthofwaterabovethefilter,takento bethependingdepthd/2,
andI= thethicknessofthesandlayer,whichis1.5feet. Thehydraulicconductivityrepresentsa partiallypluggedsand
conditionfoundbybench-scaletestingusingsuccessivetrialswithturbidwater.
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Step 6: Size the underdraln system. The underdralnsystem is sized to convey the peak filtered flows to
the outlet. The design criteria in "UnderdrainSystems" (p. 62110) can be used in lieu of analyzing
conveyance capacity for feeder pipes. Strip drainsmust be analyzed for conveyance per manufacturer's
specifications.

The collector pipe (i.e., the pipe collecting flows from the rest of the underdrain system) shall be sized to
convey the 2-year, 15-minute peak flow with one foot of head above the invert of the upstream end of the
collector pipe. Conveyance capacity can be checked using the "BW" computer program.

Intent: The underdrain must be able to remove standing water from beneath the sand. If standing water
remains, the sand will remain saturated. This could cause oxygen depletion and reducing conditions in the
sand, allowing some pollutants to become mobile and be released from the filter to downstream receiving
waters.

Simple Method Sizing Example

For a site near the city of Snoqualmie with 2 acres of impervious area and 2 acres of outwash grass
draining to the sand filter, and 3 feet of head above the filter, the required sand area for a basic size
sand filter would be found as follows:

Table 6.5.2.A
values for
Landsburg,

Site Areas basic size

2 acres x 1229 sf/acre = 2458 sf

+ 2 acres x 235 if/acre = 470 sf

= 2928 sf

Multiply 2928 square feet by the Cs for the Snoqualmie area, which (from Figure 3.2.2.A) is 1.2 times
the increments for the Landsburg area. Also, multiply that result by the 0.7 adjustment factor.

2928 sf x 1.2 x 0.7 = 2460sf

The required sand bed area is therefore 2460 square feet.

Note: Find the total facility area by adding 3H: l V side slopes for the 3 foot ponding depth plus extra
vertical height to convey the lO0-year flow. If the total pond depth is 3.5feet, the sand filter will
require a total land area of (50 fi + 10.5fl) x (5Oft + 10.5fl) = 3660 square feet, plus access and
setback requirements.

Detailed KCRTS Routing Method

The KCRTS routing method allows the designer to optimize filter geometry and sizing to meet specific
site conditions. For sand filters located downstream of detention ponds, this method will result in
significantly smaller facilities than using the simple method described above. The detailed method
requires a trial and error solution using KCRTS to route the inflow mnoff time series through various sand
filter configurations until the amount of runoff that passes through the filter media and is treated meets the
treatment objective defined for the facility. Refer to the KCRTS Computer Software Reference Manual for
general instructions on using the KCRTS program. Steps for the design process, with specific instructions
on how to use KCRTS for sand filter sizing, are described below.

Step 1: Determine whether a basic or large sand filter is required. Consult the water quality menus in
Section 6.1 (p. 6-3) to determine the size of filter needed. A basic sand filter is sized so that 90% of the - -.
runoff volume will pass through the filter, rather than 95% as stated in Section 6.2.1 (p. 6-17) for the WQ
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i

design volume. A large sand filter is sized to permit the full 95% of the runoff volume to pass through the
filter.37

Step 2: Determine rainfall region and regional scale factor. Regional scale factors are used to account

for differences in rainfall at various locations in King County. Refer to the precipitation scaling map in
Chapter 3, Figure 3.2.2.A, to determine the scale factor for the project area.

Step 3: Create inflow time series. The developed inflow time series is created using the KCRTS
program as described in Chapter 3. If the sand filter is upstream of detention, the time series is that of the

developed site. If the sand filter is downstream of detention, the time series is that leaving the detention
pond.

Note: Sand filters located downstream from detention ponds are significantly smaller than those treating
runoff before it is detained. Likewise, sand filters receiving flows from Level 2 detention ponds are
smaller than those below Level I ponds.

Step 4: Determine the design overflow volume (on-line facilities). The percent of total runoff volume
required to pass through the filter was determined in Step 1 (either 90 or 95%). To determine the design
overflow volume, multiply the total runoff volume by one minus the percentage (either 0.10 or 0.05). The
total runoff volume can be found using the "Compute Volume Discharge" routine found in the "Analysis
Tools" module after the inflow time series is created. Detailed instructions for creating the time series can
be found in the KCRTS Computer Software Reference Manual. _

The start and end dates for the reduced runoff time series are as follows:

Start date: 10/1/0

End date: 9/30/8

Note: For most WQfacilities, the designer can chose to design thefacility as either on-line (all flow goes
through the facility) or off-line (flows above the WQ design flow bypass thefacility). An off-line sand
filter has a high-flow bypass with an upstream flow splitter designed to bypass flows above 60% of the 2-
yr peak discharge using 15-min time steps calibrated to specific site conditions (see Section 6.2.5, p. 6-27,
for more information onflow splitter design). The design overflow volumefor off-line sand filters is zero,
since all flows routed to the filter will be at or below the WQ design flow.

Step 5: Define sand filter modefing parameters. Sand filters can be sized with the "Size a Facility"
routineusing the infiltration pond option. The following parameters are requiredfor the analysis:

a) Manual Mode: When specifying the filename for the facility, switch the "Design Technique" to
manual which allows the user full control of all facility parameters.

b) Side slope: horizontal component of slope (ft/ft) for the pond (above the sand filter)

c) Sand filter area A_f: the surface area of the filter (st'). As a first approximation, it is recommended that
the area calculated using the simple sizing method be used. KCRTS refersto this area as the bottom
areaof the infiltration pond.

d) Maximum waterdepth d over filter: depth at which runoff begins to overflow the sand filter (ft),
referredto in KCRTS as the effective storage depth of the reservoir.

37For sand filters, the volume to be treatedto meet the Basicmenugoal is only90% (ratherthan 95%) of the total runoff
volume. This is becausethe sendfilterhas been documentedto providebetterthan 80°/0TSS removal,end thus exceeds the
treatment goal of the BasicWQ menu. Therefore, less runoffvolumecan be treatedand stillmeet the basic waterquality
goal.

Instructionsforcreatingthetimeseriesaresummarizedasfollows:Select"CREATEanewtimeseries"atthemainmenu.
Enterrainfallregionendscalefactor(seeFigure3.22.A),soilendlandcoverareas,timestep,anddatatype(reduced
record).Select"COMPUTEtotalarea."Enteranamefortheinflowtimeseries.Select"COMPUTEtimeseries."PressF10
toviewinformationcreated;press"ENTER"toreturntomainmenu.Atthemainmenu,select"ENTERanalysistools
module."Select"COMPUTEvolumedischa['ge,"andentertheinflowtimesedesname.Enterstartdateandenddatefor
timeseries.Select"EXTRACTdischargevolume."Thisisthetotalrunoffvolumeinthetimeseries.Select"CONTINUE,"
andthenselect"RETURNtomainmenu."
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e) Permeable surfaces: bottom only.

f) Riser and orifice information:

• Elevation at 0 stage: 0 is fine for design. This sets a datum adjustment; which if set, the program _
will display water levels based on relative stage and absolute elevation.

• Riser head: same as the maximum water depth.

• Riser diameter: 12 - 36 inches (must meet the criteria for "Overflow and Bypass Structures,"
p. 6-108).

• Number of orifices: zero.

• Top of riser: flat.

g) Vertical infiltration: the invers.eof the filtration rate V, or 1/V, and is entered in units of minutes per
inch. Values for V and 1/V for various ponding depths are summarized in Table 6.5.2.B (below).

Sand Filter Design Parameters

Facilitypondingdepthd (ft) 1 2 3 4 5 6

FiltrationrateV (in/hr)* 1.33 1.67 2.00 2.33 2.67 3.0

1/V (min/in) 45 36 30 26 22.5 20

* Note:Thefiltrationrateisnotuseddirectlybutis providedforinformation.Vequalsthe hydraulic
conductivityK timesthe hydraulicgradienti. The hydraulicconductivityusedis 1 inch/hr.The --
hydraulicgradient= (h + l) / l, whereh = d/2 and l = thesanddepth(1.5ft). See "Background=
(p.6-101)for moreinformationonthedefinitionofterms.

Step 6: Size the sand filter. The KCRTS facility sizing routine is used to design the sand filter as
follows:

a) Select "Size a facility" option from the KCRTS main menu.

b) Specify a filename to save the sand filter data.

c) Toggle the "Design Technique" to manual mode.

d) Select "Create a New Detention Facility."

e) Specify an infiltration pond as the facility type, and input the facility specifications determined in Step
5. The primaryvariable to be adjustedby the designer is the bottom area, which corresponds to the
required filter area.

f) Once specified, select the "Save Facility" option.

Step 7: Specify the filename of the Inflow time series.

a) From the main "Facility" menu, select [H] "Edit Inflow Hydrograph List." AR 032152
b) Specify the filename of the inflow time series.

c) Select "Return to Main Menu." Since sizing of sand filters in done in manual (rather than automatic) -
mode, there is no need to complete the setup of the test inflow hydrograph list.
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Step8:Routeinflowtimeseriesthroughsandfilterandcomparevolumes.Comparetheoutflow
volumepassingthroughthefilterwiththerequiredtreatmentvolume.KCRTS canperformthetimeseries
routingandthevolumecomparisons.To setupthevolumecomparison,performthefollowingsteps:

a) Select[M]"ModifyAuto-Analysis,"andenterfacilityoutflowname.

b) Togglethe"VolumeCalculation"on.

c) Select"EditPeak/Duration/VolumeInformation,"andspecifythesamestartandenddatesspecifiedin
Step 4.

d) Return to the main facility design menu and select [A] "Route Time Series."

e) Select "Perform Auto-Analysis." Press F10 to display routing data; press RETURN twice to continue
with volume calculation. Press F10 to view the time series outflow volume. This represents the total
volume of water which overtopped the facility. Compare the discharge volume with the design
discharge volume identified in Step 4.

• If the volume of water spilled exceeded the design outflow volume, increase the bottom area of
the facility by selecting [E] "Edit Facility." Repeat this step until the desired performance is
achieved.

• If the volume of water spilled is less than the design outflow volume, decrease the bottom area
until the outflow and the design outflow match (approximately).

Step 9: Size the underdraln system. The underdrain system is sized to convey the peak filtered flows to
the outlet. The design criteria in "Underdrain Systems" (p. 6-110) can be used in lieu of analyzing
conveyance capacity for feeder pipes. Strip drains must be analyzed for conveyance per manufacturer's
specifications.

The collector pipe (i.e., the pipe collecting flows _rom the rest of the underdrain system) shall be sized to
convey the 2-year, 15-minute peak flow with one foot of head above the invert of the upstream end of the
collector pipe. Conveyance capacity can be checked with the "KCBW" computer program.

Intent: The underdrain must be able to remove standing water from beneath the sand. If standing water
remains, the sand will remain saturated. This could cause reducing conditions in the sand, allowing some
pollutants to become mobile and be released from the filter to downstream receiving waters.

AR 032153
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6.5.2.2 DESIGN CRITERIA

General design concepts and a typical layout of a sand filter are shown in Figure 6.5.2.B (p. 6-116) and
Figure 6.5.2.C (p. 6-118).

Sand Filter Geometry

l. Any shape sand bed may be used, including circular or free-form designs. Note: The treatment
process is governed by vertical flow, so short-circuiting is not a concern as it is in wetponds.

2. Sand depth (/) shall be 18 inches (1.5 feet) minimum.

3. Depth of storage over the filter media (d) shall be 6 feet maximum.

Pretreatment, Flow Spreading, and Energy Dissipation

1. See general presettling and pretreatment requirements for filtration facilities in Section 6.5.1
(p. 6-99).

2. A flow spreader shall be installed at the inlet along one side of the filter to evenly distribute incoming
runoff across the filter and prevent erosion of the filter surface. See Section 6.2.6 (p. 6-31) for details
on flow spreaders.

a) If the sand flter is curved or an irregular shape, a flow spreader shall be provided for a
minimum of 20 percent of the filter perimeter.

b) If the length-to-width ratio of the filter is 2:1 or greater, a flow spreader must be located on the
longer side and for a minimum length of 20 percent of the facility perimeter.

c) In other situations, use good engineering judgment in positioning the spreader.

3. Erosion protection shall be provided along the first foot of the sand bed adjacent to the flow
spreader. Geotextile (meeting the specifications in Table 6.5.2.D, page 6-109) weighted with sand
bags at 15-foot intervals may be used. Quarry spalls may also be used.

Overflow and Bypass Structures

l. On-line filters a_shall be equipped with overflows (primary, secondary, and emergency) in
accordance with the design criteria for detention ponds (see Section 5.3.1.1, criteria for "Overflow"
and "Emergency Overflow Spillway"). Note: The primary overflow may be incorporated into the
emergency spillway in cases where the spillway discharges into a downstream detention facility, or
where overflows can be safely controlled and redirected into the downstream conveyance system.

2. For off-line filters, the outlet structure must be designed to pass the 2-yr peak inflow rate, as
determined using KCRTS with 15-minute time steps calibrated to specific site conditions.

Intent: Overflow capacity is required for low-flow, high-volume storms which may exceed the
storage capacity of the filter.

3. To the extent base flow conditions can be identified, base flow must be bypassed around the filter to
keep the sand from remaining saturated for extended periods of time.

Filter Composition

A sand filter consists of three or four layers:

• Top layer (optional): grass seed or sod grown in sand AR 032154
• Second layer: sand

asWhethera WQfacilityisdesignedason-line(allflowgoingthroughthefacility)oroff-line(highflowsbypassingthefacility)is ....
a choicemadebythedesigner.Section6.2.5(p.6-27)containsinformationonflowsplittersforWOfacilities.
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• Third layer: geotextile fabric

- • Fourth layer: underdrain system.

Sand Specifications

The sand in a filter shallconsistof a medium sandwith few fines meetingthe size gradation(by weight)
given in Table 6.5.2.C. The contractor must obtain a grain size analysis from the supplier to certify that

the No. 100 and No. 200 sieve requirements are met. Note: Many sand mixes supplied locally meet this
specification. However, standard backfill for sand drains (as specified in the Washington Standard
Specifications 9-03.13) does not meet this specification and should not be used for sand filters.

TABLE 6.5.2.C SAND MEDIA SPECEFICATIONS

U.S. Sieve Size Percent passing

U.S. No. 4 95 to 100 percent

U.S. No. 8 70 to 100 percent

U.S. No. 16 40 to 90 percent

U.S. No. 30 25 to 75 percent

U.S. No. 50 2 to 25 percent

U.S. No. 100 Less than 4 percent

U.S. No. 200 Less than 2 percent

Geotextile Materials

Geotextile material requirements are summarized in Table 6.5.2.D.

6_sa.VGEOr XrmSSP .CWICAaaONS

Geotextile Property Value Test Method

Grab strength(Ibs) 75 (min) ASTM D4632

Burst strength (psi) 130 (rain) ASTM D3786

Trapezoid tear (Ibs) 40 (min) ASTM D4533

Permeability (cm/sec) 0.2 (rain) ASTM D4491

AOS (sieve size) #60 - #70 ASTM D4751

Ultravioletresistance 70 percent or greater ASTM D4355

Notes:

• Acceptabilityof geotextile material shall be based on ASTM D-4759.

• Minimum values should be in the weaker principaldirection. All numerical values
represent minimumaverage rollvalue (i.e., test resultsfrom any sampled lotshall meet
or exceed the minimumvalues in the table). Stated values are for noncriticaland
nonsevere applications.

1998 SurfaceWater Design Manual 9/1/98
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UnderdrainSystems .

1. Severalunderdraln systemsareacceptable:

• A centralcollectorpipewith lateralfeederpipes in an8-inchgravelbackfillor drainrockbed _

• A central collector pipe with a geotextile drain strip in an 8-inch gravel backfill or drain rock bed

• Longitudinal pipes in an 8-inch gravel backfill or drain rock bed, with a collector pipe at the outlet
end.

In smaller installations a single perforated pipe in 8 inches of gravel backfill or drain rock may be
adequate.

2. The maximum perpendicular distance between any two feeder pipes, or the edge of the filter and a
feeder pipe, shall be 15 feet.

Intent: This spacing is required to prevent the underdrain system from backing up into the sand filter
during the early life of the filter when high filtration rates exist.

3. All pipe shall be placed with a minimum slope of 0.5 %.

4. The invert of the underdrain outlet shall be above the seasonal high groundwater level. The
seasonal high groundwater level is the highest elevation of groundwater observed.

Intent: The underdrain must be able to remove standing water from beneath the sand. If standing
water remains, the sand will remain saturated. This could cause depletion of dissolved oxygen and
reducing conditions in the sand, allowing some pollutants to become mobile and be released from the
filter to downstream receiving waters.

5. Cleanout wyes with caps or junction boxes shall be provided at both ends of all collector pipes.
Cleanouts shall extend to the surface of the filter.

a) A valve box must be provided for access to the cleanouts.

b) The cleanout assembly must be water tight to prevent short circuiting of the filter.

Intent: Caps are required on cleanout wyes to prevent short-circuiting of water into the underdrain
system when the pond fills with water.

6. If a drain strip is used for lateral drainage, the strip must be placed at the slope specified by the
manufacturer but at least at 0.5%. All drain strip must extend to the central collector pipe. Drain
strips installations must be analyzed for conveyance because manufactured products vary in the
amount of flow they are designed to handle.

7. At least 8 inches of gravel backfill must be maintained over all underdrain piping or drain strip, and 6
inches must be maintained on either side to prevent damage by heavy equipment during maintenance.
Either drain rock or gravel backfill may be used between pipes or drain strip.

Note: ff drain strip is used, it may be easier to install the central collector pipe in an 8-inch trench
filled with drain rock, making the cover over the drain strip and the collector pipe the same thickness.
In this case the pipe shall be wrapped with geotextile to prevent clogging. Use the same geotextile
specification as given in Table 6.5.2.D (p.6-109).

8. A geotextile fabric shall be used between the sand layer and the drain rock or gravel and be placed so
that one inch of drain rock or gravel is above the fabric.

Intent: The position of the geotextile fabric provides a transition layer of mixed sand and gravel or
rock. A distinct layer of finely textured sand above a coarser one may cause water to pool at the
interface and not readily drain downward due to the greater capillary forces in the finer material.

AR 032156 ---
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Underdrain Materials

- 1. Underdrain pipe shall be minimum 6 inch diameter perforated PVC, SDR 35. One acceptable

specification for perforations is as follows: 2 rows of holes (l/2-inch diameter) spaced 6 inches apart

longitudinally (max), with rows 120 degrees apart (laid with holes downward). Other drain pipe may
be used if it adequately drains the filter.

2. Drain rock shall be 11/2to 3/4 -inch rock or gravel backfill, washed and free from clay or organic
material.

3. If a geotextile drain strip system is used, the attached geotextile fabric should not be used, or the

fabric side should be positioned away from the sand blanket. Geotextile is already required between

the sand and drain rock layers, and must meet the specifications in Table 6.5.2.D (p. 6-109) to avoid
clogging the filter prematurely.

Access Roads

An access road shall be provided to the inlet and outlet of a sand filter for inspection and maintenance

purposes. Requirements for access roads are the same as for detention ponds (see Section 5.3.1.1, "Design
of Access Roads" and "Construction of Access Roads").

Grass Cover

1. No top soft may be added to sand filter beds because fine-grained materials (e.g., silt and clay) reduce
the hydraulic capacity of the filter.

2. Growing grass will require selecting species that can tolerate the demanding environment of the sand

bed. Sand filters experience long periods of saturation during the winter wet season, foUowed by
extended dry periods during the summer. Modeling predicts that sand filters will be dry about 60

percent of the time in a typical year. Consequently, vegetation must be capable of surviving drought
as well as wetness.

• The grasses and plants listed in Table 6.5.2.E (below) are good choices for pond sides. They are
facultative (i.e., they can tolerate fluctuations in soil water). These species can generally survive

approximately 1 month of submersion while dormant in the winter (until about February 15), but
they can withstand only about 1 to 2 weeks of submersion after mid-February.

• The lower portion of Table 6.5.2.E lists grass species that are good choices for the sand filter

bottom. They can withstand summer drying and are fairy tolerant of infertile soils. In general,
planting a mixture of 3 or more species is recommended. This ensures better coverage since

tolerance of the different species is somewhat different, and the best adapted grasses will spread
more rapidly than the others. Legumes, such as clover, fix nitrogen and hence can thrive in low-

fertility soils such as sands. This makes them particularly good choices for planting the sand filter
bed.

3. A sport-field sod grown in sand may be used on the sand surface. No other sod may be used due to
the high clay content in most sod soils.

4. To prevent overuse that could compact and potentially damage the filter surface, permanent
structures (e.g., playground equipment or bleachers) are not permitted. Temporary structures or
equipment must be removed for filter maintenance.

5. If the sand filter is located in a Sensitive Lake Protection Area, low phosphorus fertilizers (such as

formulations in the proportion 3: 1:3 N-P-K or less) or a slow-release phosphorus formulation such as
rock phosphate or bone meal should be used.

AR 032157
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T LE( ,S,ZER CO m) PL TS FORSA RAT ) A XS

RECOMMENDED PLANTS FOR POND SIDES

Scientific Name Common Name

Agrostis alba Redtop

Agrostis palustris Creeping bentgrass

Alopecurus pratensis Meadow foxtail

Calamagrostis nutkaensis Pacific reed grass

Glyceria borealis Northern mannagrass

Holcus lanatus Common velvet grass

Poa palustris Fowl bluegrass

Poa pratensis Kentucky bluegrass

Juncus acurninatus Tapertip rush

Juncus e#usus Soft rush

RECOMMENDED PLANTS FOR POND BOTTOM (SAND SURFACE)

Agrostis tenuis Colonial bentgrass (Highland strain good)

Buchloe dacty/oides Buffalograss

Festuca elatior Tall fescue

Festuca elatior "Many Mustang _, Dwarf tall fescues -
"Silverado"

Festuca rubra Red rescue

Lolium perenne Perennial ryegrass

Zoysia tenuifo/ia Korean grass

Trifolium repens White lawn clover

Note: Other grasses may be used if recommended by a horticultural or erosion control specialist for the
specific site.

RecommendedDesign Features

The following design features should be incorporated into sand filter designs where site conditions allow:

1. A horticultural specialist should be consulted for advice on planting.

2. Seed should be applied in spring or mid to late fall unless irrigation is provided. If the filter is seeded

during the dry summer months, surface irrigation is needed to ensure that the seeds germinate and
survive. Seed should be applied at 80 Ibs/acre.

3. Slow-release fertilizers may be applied to improve germination; however, see requirements above for
sensitive lake protection areas.

4. A sand filter can add landscape interest and should be incorporated into the project landscape design.

Interior side slopes may be stepped with fiat areas to provide informal seating with a game or play

area below. Perennial beds can be planted above the overflow water surface elevation. However,
large shrubs and trees are not recommended because shading limits evaporation and can inhibit drying

of the filter surface. In addition, falling leaves and needles can clog the filter surface, requiring more

9/1/98 1998 Surface Water Design Manual
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frequent maintenance. Note: Examples of areas with stepped side slopes can befound at the Ballard
Locks in Seattle and at Luther Burbank Park on Mercer Island.

5. If recreational use is intended, such as for a badminton or volleyball play area, the interior side slopes
of the filter embankment should be no steeper than 3:1. Drainage tracts may be credited for up to 50
percent of the onsite recreation space requirement under certain conditions. Refer to King County
Code 21A.14.180.D for recreation requirements (see Section 5.3.1.2).

II FIGURE 6.5.2.A SCHEMATIC OF STEPPED SIDE SLOPES II

SECTION
NTS

Construction Considerations

l. If sand filters are put into service before construction of all parcels within the catchment is complete
and all disturbed soil in the sand filter catchment has been stabilized, the filter will very likely clog
prematurely. If individual lots are not stabilized, the options for protection from upstream erosion
given in Section 5.4.1 for infiltration ponds may be used.

Another alternative is to install the sand filter pond including full excavation for the filter sand and
, underdrain layers, delaying placement of the sand and underdrains until the site is stabilized. The

partially complete sand filter will then function like a small wetpond. Later, the accumulated sediment
should be cleaned and the underdrain and sand layers placed.

The County will not assume maintenance responsibility or release financial guarantees, however,
unless the sand filter is installed per design and functioning properly. If the final sand layer cannot be
completed before the typical two-year holding period for financial guarantees, the applicant may elect
to pay the County to clean and install the sand when thewatershed is stabilized, or may arrange a
smaller financial guarantee specifically for completion of the sand filter.

2. Careful placement of the sand is necessary to avoid formation of voids within the sand that could

lead to short-circuiting, particularly around penetrations for underdrain cleanouts, as well as to prevent
damage to the underlying geomembranes and underdrain system. Voids between the trench wall and
geotextile fabric should also be avoided.

3. Over compaction must be avoided to ensure adequate filtration capacity. Sand is best placed with a
low ground pressure tracked bulldozer._4.6 pounds per square inch or less ground pressure). The
number of passes over sand fill should be minimized during placement; using large rubber-tired
vehicles can minimize ground pressure and compaction.
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4. After the sand layer is placed, water settling is recommended. Flood the sand with 10 to 15 gallons of
water per cubic foot of sand.

Maintenance Considerations

Sand filters are subject to clogging by fine sediment, oil and grease, and other debris (e.g., trash and

organic matter such as leaves). Filters and pretreatment facilities should be inspected every 6 months
during the first year of operation. Inspections should also occur immediately following a storm event to

assess the filtration capacity of the filter. Once the filter is performing as designed, the frequency of
inspection may be reduced to once per year.

During an inspection the following features should be evaluated and maintained as needed:

1. Remove debris and sediment from the pretreatment facility when depth exceeds 12 inches.

2. Remove debris and sediment from the surface of the filter when accumulations exceed 0.5 inches.

3. Observe operation of the overflow and drawdown time in the filter. Frequent overflow through the
grated "birdcage" or "jallhouse" window into the outlet structure or slow drawdown are indicators of

plugging problems. Under normal operating conditions, a sand filter should completely empty within

9 to 24 hours following a storm event (i.e., after the inflow of runoff to the filter ceases), depending on
pond depth. Generally, if the water level over the filter drops at a rate less than l/2-inch per hour (V <
I/2-inch per hour), corrective maintenance is needed. Recommendations for improving sand filter
performance are summarized below:

a) Remove thatch accumulation in grass.

b) Aerate the filter surface to improve permeability.

c) Till the filter surface. Two separate passes following a criss-cross pattern (i.e., second pass at
fight angles to the first) are recommended. _

d) Replace upper 4 to 6 inches of grass and sand.

4. Experience with sand filters used for stormwater treatment in Austin, Texas, has shown that the sand

becomes clogged and must be replaced every 4 to 10 years.

5. Rapid drawdown in the filter (i.e., greater than 12 inches per hour) indicates short-circuiting of the
filter media. Inspect the cleanouts on the underdrain pipes and along the base of the embankment for
leakage.

6. Formation of rills and gullies on the surface of the filter indicates improper function of the inlet flow

spreader or poor sand compaction. Check for accumulation of debris on or in the flow spreader, and
refill rills and gullies with sand.

Other maintenance practices that should be employed to ensure proper operation of the sand filter are
summarized below:

1. Avoid use of excess fertilizers along the bottom or sides of a landscape sand filter.

2. Avoid driving heavy machinery or equipment on the sand filter to minimize compaction of the filter
media and prevent the formation of ruts in the surface of the filter that could concentrate or channelize
flow.

3. Mow grass as needed, and remove the cut grass from the sand filter.

4. Water the vegetation periodically when needed, especially during the summer dry season.

5. Discourage use of the sand bed by pets by installing signs reminding residents of scoop laws, planting
barriers such as barberry, or providing other measures as appropriate.

AR 032160 _.
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O MODIRCATIONS FOR COMBINING wrn-I AN INFILTRATION POND

Where an infiltration pond is proposed for flow control, a sand filter (basic or large) may be combined

with the infiltration pond by making the following modifications in design criteria:

1. The "100-year Overflow Conveyance" requirements for infiltration ponds (see Section 5.4.1) shall
apply in place of the "Overflow and Bypass" requirements for sand filters.

2. The "Filter Composition" criteria are changed to eliminate the requirement for an underdrain
system. The fourth layer of the filter becomes the native infiltrative soils.

3. The "Underdrain System" and "Underdrain Materials" criteria for sand filters are not applied.
Water infiltrating through the sand layer need not be collected but may simply continue infiltrating
downward into native soils.

4. The sides of the infiltration pond must be provided with a treatment liner up to the WQ design water
surface elevation, at a minimum. See Section 6.2.4.2 (p. 6-25) for information on liners.
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[ FIGURE 6.5.2.B SAND FILTER WITH LEVEL SPREADER [[

A A

flow Sl_ _ B cleanout wyes w/cap

concretechannel '_ _ invalve box(bothends)or othertypesof 0.5% ..__.Q.5%
flow spreadersfor

20% of bottom (optional) I 0.5%
perimeter(min)

r

erosionprotection_ _" erdraincollector

perL pipe)
i __ 15' spacingbetween

feeder pipes (max)
lateral feeder
pipe or drainstrip -

structureand overflow
per Section5.3.1 detentionponds

emergencyspillway

PLAN VIEW
NTS

" AR 032162 v

911/98 1998SurfaceWaterDesignManual
6-116



6.5.2 SAND FILTERS _ BASIC AND LARGE _ DESIGN CRITERIA

[[ FIGURE 6.5.2.B SAND FILTER WITH LEVEL SPREADER (CONTINUED) [[
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[ FIGURE 6.5.2.C SAND FILTER WITH PRETREATMENT CELL II ,--.
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I[ FIGURE 6.5.2.C SAND FILTER WITH PRETREATMENT CELL (CONTINUED) l[
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6.5.3 SAND FILTER VAULTS

A sandfilter vault is similar to an open sand filter except that the sand layer and underdrains are installed
below grade in a vault. Like a sand filter,a sand filter vault can be sized as either a basic or a large facility to
meet different water quality objectives. The basic sand filter vanR is designed to meet the Basic WQ
menu goal of 80% TSS removal for the water quality design flow. The large sand filter vault is expected
to meet the Sensitive Lake Protection menu goal of 50% total phosphorus removal.

ApplicationsandLimitations
A sand filter vault can be used on sites where space limitations preclude the installation of above
ground facilities. In highly urbanized areas, particularly on redevelopment and infill projects, a vault is a
viable alternative to other treatmenttechnologies that require more area to construct.

Like sand filters, sand filter vaults arenot suitable for areas with high water tables where infiltration of
groundwater into the vauRand underdrainsystem will interfere with the hydraulic operation of the filter.
Soil conditions in the vicinity of the vault installation should also be evaluated to identify special design or
construction requirementsfor the vault.

It is desirable to have an elevation difference of 4 feet between the inlet and outlet of the filter for

efficient operation. Therefore, site topography anddrainage system hydraulics must be evaluated to
determine whether use of an undergroundfilter is feasible.

Because the surface of a sandfilter vault is prone to clogging from sediment and other debris, this facility
should not be used in areas where heavy sediment loads are expected.

Refer to the WQ menus, Section 6.1 (p. 6-3),for information on how sand filter vaults can be used to meet
Core Requirement #8.

6.5.3.1 METHODS OF ANALYSIS

The methods of analysis for basic and large sand filter vaults are identical to the methods described for
basic and large sand filters. Follow the procedures described in Section 6.5.2.1 (p. 6-100).

6.5.3.2 DESIGN CRITERIA

In addition to their water quality function, sand filter vaults may serve a conveyance function, passing
flows above the water quality design flow through to the downstream drainage system. When used to
convey these flows, vaults must meet the conveyance requirements specified in Chapter 4.

General design concepts for sand filter vaults are shown in Figure 6.5.3.A (p. 6-124).

Sand Filter Geometry

Same as for sand filters (see page 6-108).

Pretreatment,Flow-Spreading,and EnergyDissipation
1. See general presettling and pretreatment requirements for filtration facilities, Section 6.5.1, p. 6-99.

2. A flow spreader shall be installed at the inlet to the filter bed to evenly distribute incoming runoff
across the filter and prevent erosion of the filter surface.

3. For vaults with presettling celis, the presettling ceils shall be constructed so that the divider wall
extends from the floor of the vault to the WQ design water surface and is water tight

4. The flow spreader shall be positioned so that the top of the spreader is no more than 8 inches above
the top of the sand bed (and at least 2 inches higher than the top of the inlet pipe if a pipe and ---
manifold distribution system is used). See Section 6.2.6 (p. 6-31) for details on flow spreaders. For
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vaults with presettling cells, a concrete sump-type flow spreader (see Figure 6.2.6.B, p. 6-34) shall
be built into or affixed to the divider wall. The sump shall be a minimum of 1 foot wide and extend
the width of the sand filter. The downstream lip of the sump shall be no more than 8 inches above the
top of the sand bed.

5. Flows may enter the sand bed by spilling over the top of the wall into a flow spreader pad, or
alternatively a pipe and manifold system may be designed and approved at the discretion of DDES to
deliver water through the wall to the flow spreader. Note: Water in thefirst or presettling cell is dead
storage. Any pipe and manifold system designed must retain the required dead storage volume in the
first cell, minimize turbulence, and be readily maintainable.

6. If a pipe and manifold system is used, the minimum pipe size shall be 8 inches. Multiple inlets are
recommended to minimize turbulence and reduce local flow velocities.

7. Erosion protection shall be provided along the first foot of the sand bed adjacent to the spreader.
Geotextile weighted at the comers with sand bags, quarry spalls, or other suitable erosion control may
be used.

Overflow and Bypass Structures

Same as for sand filters (see page 6-108).

Filter Composition

The filter bed shall consist of three layers as follows:

* Top layer: sand

* Second layer: geotextile fabric

_ * Third layer: underdrain system.

Sand Specifications and Geotextile Materials

Same as for sand filters (see page 6-109).

Underdrain Systems and Underdrain Materials

Same as for sand filters (see page 6-110).

Vault Structure

1. Sand filter vaults are typically designed as on-line (flow-through) systems with a fiat bottom under the
filter bed.

2. If a presettling cell is provided, the cell bottom may be longitudinally level or inclined toward the
inlet. To facilitate sediment removal, the bottom shall also slope from each side towards the center at
a minimum of 5%, forming a broad "v". Note: More than one "v" may be used to minimize cell depth.

Exception: The bottom of the presettling cell may be flat rather than v-shaped if removable panels
are provided over the entire presettling cell. Removable panels shall be at grade, have stainless steel
lifting eyes, and weigh no more than 5 tons per panel.

3. One foot (average) of sediment storage must be provided in the presettling cell.

4. Where pipes enter and leave the presettling cell below the WQ design water surface, they shall be
sealed using a non-porous, non-shrinking grout.

5. If an oil retaining baffle is used for control of floatables in the presettling cell, it must conform to the
_ following:

a) The baffle shall extend from 1 foot above to 1foot below the WQ design water surface (minimum
requirements) and be spaced a minimum of 5 feet horizontally from the inlet.

1998SurfaceWaterDesignManual 9/1/98
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SECTION 6.5 MEDIAFILTRATIONFACILITY DESIGNS

b) Provision for passage of flows in the event of plugging shall be provided.

c) An access opening and ladder shall be provided on both sides of the baffle into the presettling --
cell.

6. Sand filter vaults shall conform with the "Materials" and "Structural Stability" criteria specified
for detention vaults in Section 5.3.3.

7. The arch culvert sections allowed for wetvaults may not be used for sand filter vaults. Free access
to the entire sand bed is needed for maintenance.

Access Requirements

Same as for detention vaults (see Section 5.3.3) except for the following modifications:

1. For facilities maintained by King County, removable panels must be provided over the entire sand

bed. Panels shall be at grade, have stainless steel lifting eyes, and weigh no more than 5 tons per

panel. Concrete bridge decking or industrial decking are options. If within the roadway, the panels
must meet the traffic loading requirements of the King County road standards.

2. A minimum of 24 square feet of ventilation grate must be provided for each 250 square feet of

sandbed surface area. Grates may be located in one area if the sand filter is small, but placement at
each end is preferred. Small grates may also be dispersed over the entire sand bed.

Intent: Grates are important to allow air exchange above the sand. Poor air exchange will hasten

anoxic conditions which may result in release of pollutants such as phosphorus and metals and cause
objectionable odors.

Access Roads, Right of Way, and Setbacks

Same as for detention vaults (see Section 5.3.3).

Recommended Design Features --.

The following design features should be incorporated into sand filter vaults where feasible but are not
specifically required:

1. The floor of the presettling cell should be sloped toward the inlet to allow for sediment
accumulation and ease of cleaning.

2. A geotextile fabric is recommended over the sand bed to make sand bed maintenance easier. If used,

the geotextile should be a flexible, high-permeability, three-dimensional matrix of the kind commonly
used for erosion control. Sand bags should be used at 10 to 15 foot intervals to hold the geotextile in
place.

3. Additional grates are recommended instead of solid panels to increase air contact with the sand bed.

4. Vault entry is subject to OSHA requirements for confined spaces, including clearly marking
entrances. This may be accomplished by hanging a removable sign in the access riser(s), just under
the access lid.

Construction Considerations

Same as for sand filters (see page 6-113) plus, upon completion of installation, the vault should be
thoroughly cleaned and flushed prior to placement of sand and drain rock.

Maintenance Considerations

Maintenance considerations for sand filter vaults are similar to those described in Section 6.5.2 (p. 6-100)

for sand filters. Note, however, that confined space entry procedures should be followed when entering a
vault. Even though some surface ventilation is provided for sand filter vaults, precautions are still
warranted.

AR 032168
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6.5.3 SANDFILTERVAULTS

Q MODIFICATIONS FOR COMBINING WITH AN INRLTRATION VAULT

Where an infiltration vault is proposed for flow control, a sand filter vault (basic or large) may be
combined with the infiltration facility by making the following modifications in design criteria:

1. The "100-year Overflow Conveyance" requirements for infiltration ponds (see Section 5.4.1) shall
apply in place of the "Overflow and Bypass" requirements for sand filter vaults.

2. The "Filter Composition" criteria are changed to eliminate the requirement for an underdrain
system. The third layer of the filter becomes the native infiltrative soils.

3. The "Underdrain System" and "Underdrain Materials" criteria for sand filter vaults arenot

applied. Water infiltrating through the sand layer need not be collected but may simply continue
infiltrating downward into native soils.

4. "Access requirements" for grating may be reduced at the discretion of the design andreview
engineers.

Intent: when water infiltrates into the soil directly without being collected by an underdrainsystem,
the concern forpollutant release diminishes. Ventilation for odor control is, then, the only concern.

1998SurfaceWaterDesignManual
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SECTION6.5 MEDIA FILTRATIONFACK,ITYDESIGNS

I FIGURE 6.5.3.A SAND FILTER VAULT J[ _
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6.5.3 SAND FILTERVAULTS

I FIGURE6.5.3.ASANDFILTERVAULT(CONTINUED) II
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SECTION6.5 MEDIAFILTRATIONFACILITYDESIGNS

6.5.4 LINEAR SAND FILTERS

Linear sandfilters are typically long, shallow, rectangular vaults. The vaults consist of two cells or

chambers, one for settling coarse sediment from the runoff and the other containing sand. Stormwater
flows into the second cell via a weir section that also functions as a flow spreader to distribute the flow
over the sand. The outlet consists of an underdrainpipe system that connects to the storm drain system.
As with other sand filters, linear filters come in two sizes, basic and large. The basic linear sand filter is
designed to meet the Basic WQ menu goal of 80% TSS removal for the water quality design flow. The
large linear sand filter is expected to meet the Sensitive Lake Protection menu goal of 50% total
phosphorus removal.

Applications and Limitations

The linear sand filter is used for stormwater flows for two different treatment purposes:

1. To provide basic or second-tier water quality treatment, and

2. To treat runoff from high-use sites (i.e., sites generating higher than typical concentrations of oil and
grease).

Linear sand filters are best suited for treating small drainages (less than 5 acres), particularly long,
narrow areas. The goal is to keep linear sand filters fairly shallow and narrow in width. A linear sand
filter can be located along the perimeter of a paved impervious surface or can be installed downstream of a
filter strip where additional treatment is needed. If used for oil control, the filter should be located
upstream from the main water quality treatment facility (i.e., wetpond, biofiltration swale, or combined
detention and wetpond).

Consult the water quality menus in Section 6.1 (p. 6-3)for information on how linear sand filters can be
used to meet Core Requirement # 8 or Special Requirement #5.

6.5.4.1 METHODS OF ANALYSIS

A linear sand filter is sized based on the infiltration rate of the sand and the amount of runoff draining to
the facility. The filter is sized to infiltrate the sand filter design flow without significant ponding above the
sand. The sizing methods specified below are for both the basic and large linear sand filter.

Step 1: Identify the size of sand filter needed, either basic or large. Consult the water quality menus,
Section 6.1 (p. 6-3) to determine which size is needed. A basic linear sand filter is sized to permit 90
percent of the runoff volume to pass through the filter. A large linear sand filter allows 95 percent of the
volume to pass through the filter. For oil control purposes, use the basic sand filter size.

Step 2: Determine the rainfall region and regional scale factor. Regional scale factors are used to
account for differences in rainfall at locations distant from the two gaging locations in King County,

Sea-Tat Airport and Landsburg. Refer to the precipitation scaling map in Chapter 3, Figure 3.2.2.A, to
determine the scale factor for the project area.

Step 3: Determine site characteristics. Determine the total number of impervious acres and the total
number of grass acres draining to the sand filter. Determine whether the site is on till or outwash soils.
Refer to Table 3.2.2.B in Chapter 3 to determine which soil types are considered till and which are
considered outwash.

Step 4: Calculate the minimum required surface area for the linear sand filter. Determine the sand

filter areaby multiplying the values in Table 6.5.4.A (p.6-127) by the site acreages from Step 3 using the
following equation:

Asf = 0.7 Cs (TiAi + TtgAtg+ To,Atf. TogAog) AR 032172 (6-20)
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6.5.4 LINEARSANDFILTERS

where Asf = sand filter area (sO

0.7 = adjustmentfactor to account for routingeffect on size
Cs = regional scale factor (unitless) from Step 2

Ti,tg,og = tributaryareaper soil/cover type (acres)

Ai,tg, og = filter areaper soil/cover type (sf/acre) from Table 6.5.4.A.

The values in Table 6.5.4.A (below) are identical to those in Table 6.5.2.A for the simple sizing method
but are repeatedbelow for convenience. For depths less than 1 foot, the detailed routing method must be
used.

Linear sand filters may also be sized using the detailed routing procedure of Section 6.5.2.1 (p. 6-100). It
is expected that filters designed with the detailed muting method would be narrower than those sized using
Table 6.5.4.A.

Soil/CoverTypes
[filterarea (sf) / tributaryarea (acres)]

Regionand Max. Water Ai A/g Aot
TreatmentGoal Depth(It) Impervious Till grass Outwashgrass

SeaTac 1 1711 360 314
Basic

Landsburg 1 1844 405 355
Basic

SeaTac 1 2654 629 550
Large

Landsburg 1 2926 674 590
Large

Step 5: Size the sediment cell. The sediment cell width should be set after the sand filter width is

determined. Use Table 6.5.4.B below to set the width of the sediment cell. If another WQ facility
precedes the sand filter, the sediment cell may be waived.

: _ TABLE 6.5,4.B SEDIMENT CELL WIDTH, L_RSAND FILTER i
..... :

If Sandfilter width is: Widthof sediment cellshouldbe:

1 to 2 feet 12 inches

2 to 4 feet 18 inches

4 to 6 feet 24 inches

Over 6 feet One-third of sand cell width

1998SurfaceWaterDesignManual AR 032173 9/I/98
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SECTION6.5 MEDIAFILTRATIONFACILITYDESIGNS

Example

A site in the White Center area has 1 acre of impervious area and 0.2 acres of till grass draining to the
sand filter (1 foot of head above the filter). The designer wants to install a linear sand filter along a
200-foot parking area. The required sand area for a basic size linear sand filter would be found as
follows:

Table 6.5.4.A
values for
SeaTac,

Site Areas basic size

lacres x 1711sffacre = 1711sf

+ 0.2 acres x 360 sf/acre = 72 sf

= 1783 sf

Multiply 1783 square feet by the C, for the White Center area, which (from Figure 3.2.2.A) is 1.0
times the SeaTac area increments. Also multiple that result by the 0.7 adjustment factor.

1783 sf × 1.0 x 0.7 = 1248 sf

The required sand bed area is therefore 1248 square feet. Divide 1248 square feet by 200 feet, the
length of the filter for the site, to get a required sand bed width of 6.2 feet. The sediment cell would
be one-third of 6.2 feet, or about 2 feet.

Note: To save space, the designer could cover the sand filter with grating that would bear traffic load
and use the space for parking. The designer could also hire an engineer to perform the KCRTS
detailed routing method. With this method, the sand bed width could be reduced to about 5feet.

For background on the derivation of numbers in Table 6.5.4.A, refer to the "Background" discussion
(p. 6-101) for the sand filter.

6.5.4.2 DESIGN CRITERIA

Linear sand filter details are shown in Figure 6.5.4.A (p. 6-130).

Geometry, Sizing, and Overflow

1. A linear sand filter shall consist of two cells or chambers, a sediment cell and a sand bed cell, divided
by a low divider wall. If the sand filter is preceded by another WQ facility, and the flow enters the
sand filter as sheet flow, the sediment cell may be waived.

2. Stormwater may enter the sediment cell by sheet flow or via a piped inlet.

3. Minimum inside width of the sand filter cell shall be 1 foot. Maximum width shall be 15 feet.

4. The divider wail must be level and extend 12 inches (max) above the sand bed.

5. The sand filter bed shall be 12 inches deep. An 8-inch layer of drain rock with perforated
drainpipe shall be installed beneath the sand layer.

6. The drainpipe shall have a minimum diameter of 6 inches andbe wrapped in geotextile and sloped
0.5 % (rain) to drain.

7. For design, the maximum depth of ponding over the sand shall be 1foot.

8. If separatedfrom traffic areas, a linearsand filter may be covered or open, but if covered, the cover
must be removable for the entire length.,of the filter. Covers must be grated if flow to the filter is from
sheet flow .....

AR 032174
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6.5.4 LINEAR SAND FILTERS

9. A linear sand filter shall have an emergency overflow route, either surface overland, tightline, or
other structure for safely controlling the overflow, and shall meet the conveyance requirements
specified in Chapter 1.

Structure Specifications

l. A linear sand filter vault shall be concrete (precast/prefabricated or cast-in-place). The concrete must
conform to the "Material" requirements for detention vaults in Section 5.3.3.

2. At the discretion of DDES, the sediment cell may be made of materials other than concrete, provided
water can be evenly spread for uniform delivery into the sand filter ceil.

3. Where linear sand filters are located in traffic areas, they must meet the "Structural Stability"
requirements specified for detention vaults in Section 5.3.3. The sediment cell shall have a

removable grated cover that meets HS-25 traffic loading requirements. The cover over the sand
filter cell may be either solid or grated.

Sand Specifications

Same as for sand filters (see Table 6.5.2.C, p. 6-109).

Geotextile Materials

Same as for sand filters (see Table 6.5.2.D, p. 6-109).

Underdrain Materials

Same as for sand filters (see page 6-11 l).

Access Roads, Right of Way, and Setbacks

Same as for detention vaults (see Section 5.3.3).

Construction Considerations

If put into service before the site is stabilized, placement of the sand layer should be delayed, and the
linear sand filter may be used with the gravel layer only. The gravel layer must be replaced and the vault
cleaned when the site is stabilized and the sand bed installed. King County will not assume maintenance
responsibility or release financial guarantees until the final installation is complete.

Maintenance Considerations

Maintenance considerations for linear sand filters are similar to those for basic sand filters (see Section
6.5.2.2) except sediment should be removed from the sediment cell when the depth exceeds 6 inches.

AR 032175
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I FIGURE 6.5.4.A LINEAR SAND FILTER H ---
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6.5.5 LEAF COMPOSTFILTERS (LCF)

6.5.5 LEAF COMPOST FlirTERS (LCF)

The process and apparatus of treating stormwater runoff by passing the runoff through a bed of leaf

compost material is patented by W & H Pacific, Inc., (Patent Number 5,322,629) and marketed by
Stormwater TM Management, a company based in Portland, Oregon. A LCF removes pollutants through

filtration, ion exchange, adsorption, and microbial degradation. Figure 6.5.5.A (p. 6-133) gives a
schematic representation of a leaf compost filter.

Applications and Limitations

A leaf compost filter may be used as a second water quality facility in a stream protection treatment train

(per Table 6.1.3.A, p. 6-11) or a bog protection treatment train (per Table 6.1.4.A, p. 6-13). Leaf compost
filters are especially effective in situations where removal of metal contaminants is desired. LCFs may

not be used as stand-alone facilities until more experience is gained with the system, particularly with
potential for plugging or blinding and maintenance requirements.

Stormwater rMManagement has developed two basic types of compost filter: a vault style employing
canisters filled with compost and an open unit with a long bed of compost. The vault unit is typically used

in situations where space is limited, and the open unit is typically used to treat high volume runoff.

Consult the water quality menus in Section 6.1 (p. 6-3)for specific information on how a LCF can be used
to meet Core Requirement # 8.

6.5.5.1 METHODS OF ANALYSIS

Compost filter sizing is based on the water quality design flow (see Section 6.2.1, p. 6-17). Since the

process and the compost are patented, Stormwater _ Management personnel will configure a leaf
- compost filter based on the design flow provided and specific site characteristics. In King County, the

WQ design flow should be based on the KCRTS modeled flows, described in Chapter 3, rather than on
other flow-estimation methods. An accurate description of land use and potential sediment and pollutant
loading sources shall also be provided to Stormwater _ Management personnel, who consider these

factors in sizing. The typical size of the drop-in unit can be estimated based on the water quality design
flow in Table 6.5.5.A (below).

Design Flow (¢fs) Vault Size

up to 0.15 6' x 8'

0.16 to 0.28 6'x 12'

0.29 to 0.46 8' x 14'

0.46 to 0.64 8' x 18'

greater than 0.64 multiple drop-infilters

6.5.5.2 DESIGN CRITERIA

_ Figure 6.5.5.A (p. 6-133) illustrates the general configuration of a typical canister-style LCF unit using
standard precast concrete vaults.

AR 032177
1998 SurfaceWater Design Manual 9/1/98

6-131
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General

Vaults used for a LCF shall conform with the "Materials" and "Structural Stability" requirements
specified for detention vaults (see Section 5.3.3).

Pretreatment

This manual limits use of a LCF to the second or third facility in a treatment train. If used in another
situation, an approved adjustment is required(see Section 1.4). Providing adequatepretreatment and
performance monitoring are key to obtaining an adjustmentapproval. See Section 6.5.1, p. 6-99 for
general pretreatment requirements.

Access Requirements

1. Unobstructed access must be provided over the entire compost filter bed by either access doors or
removable panels to allow for removal and replacement of the bed. Removable panels, if used, shall
be at grade, have stainless steel lifting eyes, and weight no more than 5 tons per panel.

2. Access to the inflow and outlet ceils must also be provided.

3. Ladder access is required when vault height exceeds 4 feet.

4. Locking lids shall be provided as specified for detention (see Section 5.3.3).

Access Roads, Right of Way, and Setbacks

Same as for detention vaults (see Section 5.3.3).

Construction Considerations

Installationof a leafcompostfilter shall follow the manufacturer'srecommendedprocedures.

Maintenance Requirements

Maintenance needs vary from site to site based on the type of land use activity, implementation of source
controls, and weather conditions. Leaf compost filters shall be inspected quarterly or at a frequency
recommended by the supplier. Inspection and maintenance shall include the following:

1. The operation and maintenance instructions from the manufacturer shall be kept along with an
inspection and maintenance log. The maintenance log shall be available for review by County
inspectors.

2. Routine maintenance shall include inspecting for debris, vegetation, and sediment accumulation,
flushing the underdrain, and removing or replacing compost media.

3. Sediment shall be removed when the accumulation causes the infiltration capacity to drop below the
design flow rate of 2 to 2.2 gpm/sf. Note: Instructions are available from the manufacturer for testing
infiltration capacity.

4. The compost media should be replaced at least once a year or when infiltration capacity is
unrecoverable. Sediment removal and/or compost media replacement may require a vactor truck.

5. Media shall be disposed of in accordance with applicable regulations, including the Seattle-King
County Department of Public Health solid waste regulations (Title 10) and state dangerous waste
regulations 0VAC 173-303). In most cases, compost media may be disposed of as solid waste.

AR 032178 ---
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KING COUNTY, WAgHINGTON, SURFACE WATER DESION MANUAL

6.6 OIL CONTROL FACILITY DESIGNS

This section presents the methods, criteria,and details for oil control facilities that are not discussed in -
other sections. Included are the following facility designs:

* Catch basin inserts, Section 6.6.1

• Oil/water separators,Section 6.6.2

Other oil control facilities include wetvaults, with minor modifications (see Section 6.4.2, p. 6-80), and
linear sand filters (see Section 6.5.4, p. 6-126). Non-facility options include parking lot washing with
properdisposal of wash water and compliance with a NPDES permit that already addresses oil control.
More information on non-structuraloptions can be found in the High-Use menu, Section 6.1.5 (p. 6-14).

The information presented for each facility is organized into the following two categories:

1. Methods of Analysis: Contains a step-by-step procedure for designing and sizing each facility.
Information used in the procedureis based on available literature, butclarified or modified where
deficiencies were identified.'_

2. Design Criteria: Contains the details, specifications, and material requirements for each facility.

6.6.1 CATCH BASIN INSERTS

A catch basin insert is a device installed underneath a catch basin inlet that treats stormwater through
filtration, settling, absorption, adsorption, or a combination of these mechanisms. Catch basin inserts vary
greatly in form, some being rectangular, tray-like structures, some more like oil absorbent bags or pillows.
Figure 6.6.1.A (p. 6-140) presents a schematic representation of a catch basin insert.

King County, in conjunction with other local agencies, has tested several catch basin inserts and found
performance and removal rates to be highly variable, depending upon system configuration, pollutant
particle size and concentration, and maintenance frequency. Because performance varies widely among
the different devices, King County has developed a set of performance criteria that the devices must
satisfy to be used for oil control pursuant to Special Requirement #5. Table 6.6.1.A (p. 6-136) lists the
performance criteria and describes the tests to be used to evaluate whether a device meets the criteria.

Water Quality Treatment Objectives

The catch basin inserts manufactured to date typically have been configured to remove sediment,
pollutants adsorbed to sediment, and oil and grease. The inserts described here are intended to capture
total petroleum hydrocarbons (TPH) for use in new or redeveloped high-use sites (see Chapter 1 for
information on high-use sites). Devices meeting the design criteria outlined in Table 6.6.1.A (p. 6-136)
should provide oil and grease removals comparable to those of other high-use treatment options.
However, catch basin inserts provide little if any spill protection and do not meet spill-containment
requirements unless the catch basin in which they are installed has a tee section.

While the inserts described here arefocused on treating TPH, catch basin inserts can also be configured
with other sorbents to remove specific pollutants. Owners proposing to use catch basin inserts to treat
specific pollutants should obtain assistance from King County'sbusiness outreach programor from
another pollution control agency such as the Department of Ecology.

Catch basin inserts also may be used for sediment control during construction, as described in
Appendix D. In some instances, particularly for redevelopment projects at high-use sites, existing catch
basins may first be equipped with inserts for sediment control during construction andthen be reconfigured
(e.g., changing treatment media) to treatTPH following completion of construction activities.

40SuchmodificationswereoftenbasedoncomputermodelingusingtheKingCountyRunoffTimeSeries(KCRTS)model.Less
frequentlytheywerebasedonbench-scalestudies.Back-upstudiesarelistedinReferenceSection5.
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i! ii_ii¸i¸¸: :_ : i ¸¸¸¸¸̧ ¸ •

Criteria Methods of Evaluation

1 Insert has ability to treat the water quality Subject the system to the maximum flow rate when new, and
designflow for a minimum of 6 weeks under again after 4 and 6 weeks deployment. All flow must pass
typical high-traffic conditions(in the Seattle throughthe treatment area without short-circuitingor
area, thisflow rate is approximately 0.042 cfs bypass.
(19 gpm) for a drainage area of 5,000 square
feet).

2 Insert has ability to create a positiveseal Install and observe unit under low-flowconditions. All flow
around grate to prevent low-flowbypass, must pass throughthe treatment area.

3 Media system functions so that its surface does Inspect media after 4 and 6 weeks deployment. If filtration
not become plugged or blindedshortly after rate as tested in Method #1 above has been compromised
deployment and cause stormwater to bypass and media still can absorb oil, cloggingis a problem.
media before full use of media is realized.

4 Medium resistswater saturation and maintains Examine media after 4 and 6 weeks deployment for signs of
oil-absorbing propertiesfor a minimum of 6 water saturation or degradation. Media in acceptable
weeks under constantlywet conditions, condition shouldstill absorb oil and repel water.

5 Insert has means of preventing floating oil from Inspect the insert forthe presence of an under-over weir at
escaping the unit. This requirementwill be the high-flow relief. If this or some comparable device
waived for inserts designed to be usedwith a exists, it is assumed that free oils will be retained.
tee section or down-turned elbow.

6 Insert has means of preventing oil-soaked When the insert is new, and again after 4 to 6 weeks
media from escaping the unit. deployment, subject it to the peak flow rate (defined under

Criterion#7) and observe whether media escapes.

7 Insert has abilityto pass high flows without Close off all filtrationsurfaces with plastic sheeting and
causing excessive ponding; no ponding to subject the insert to the required flow. No pondingaround --
occurfor the 25-year peak flow rate (in Seattle the drain inlet shouldoccur forthe 25-year peak rate.
this rate is approximately43 gpm for a drainage
area of 5,000 square feet).

8 Manufacturer provides complete installation Verify that instructionsinclude informationon the following:
and maintenance instructions. . Installation

• Creating an adequate seal
• Removal (includingsafety considerations)
• Cleaning and replacement
• Decant and disposal of liquidwastes
• Media disposal guidance

Desirable Features Methods of Evaluation

1 Insert has high-flowbypassto prevent Subject the insertto the flow rate calculatedfor Criterion#1,
resuspension and washout, and then graduallyincrease the flow. Only the designed

flow rate should pass through the treatment surfaces.

2 Service contract is provided. There is no method for evaluating service contracts. Service
contracts are listed as a desirable feature because they may
offergreater assurance of regular system maintenance and,
consequently,treatment reliability.

Note: The evaluation tests assume the use of suitable oil-absorbing media (see "Material Requirements,"
p. 6-138).
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6.6.1 CATCHBASININSERTS

Applications and Limitations

Consult the water quality menus in Section 6.1 (17.6-3)for information on how catch basin inserts can be

used to meet Special Requirement #5. Note that catch basin inserts shall not be in a public road fight-
of-way maintained by King County. This is because the County does not have the resources needed to
maintain catch basin inserts as frequently as needed for effective operation.

Catch basin inserts may be used to meet the oil control requirements for new or redevelopment high-use
sites. The minimal space requirements, planning and engineering needs, and implementation time make
catch basin inserts particularly attractive for redevelopment projects. The initial cost investment may be
much lower than that of comparable oil treatment options. However, long-term costs associated with the
more frequent maintenance required for catch basin inserts may offset some of the initial cost savings.
Applicants considering catch basin inserts are encouraged to investigate maintenance costs associated with
a particular device. Costs for maintaining catch basin inserts are on the order of $10 to $100 per unit per
month, assuming monthly media replacement. The use of a catch basin insert may be limited by drainage
area, available space inside the catch basin, availability of maintenance personnel or services, and access.

Catch Basin Interior Space

Pipe stub-outs, misaligned inlet frames, and shallow drainage systems limit the use of catch basin
inserts for redevelopment. Therefore, an applicant considering catch basin inserts for a redevelopment
project must ensure that the devices are physically compatible with existing catch basins and will
achieve the desired performance.

Availability of Maintenance Staff or Services

To be effective, a catch basin insert must be maintained at a frequency recommended by the
manufacturer, but at least monthly (the cycle may be extended up to six weeks depending upon local
conditions; see "Maintenance Requirements" on p. 6-139). Because of the importance of regular
maintenance, owners using catch basin inserts will be required to keep a maintenance log that
specifies when the facilities were cleaned or replaced;the log must be available for review by County
inspectors. Commercialmaintenance services for facilities like catch basin inserts are increasingly
available. Applicants intending to use catch basin inserts should include maintenance in a routine
program such as grounds maintenance or contract with a commercial service.

Applicants planning to use a catch basin insert should also consider the weight of candidate devices
and whether the insert must be completely lifted out of the catch basin to be maintained. Some of the
inserts currentlyproduced are heavy andmay requiretwo people or machinery, such as a forklift, to
perform routinemaintenance.

6.6.1.1 METHODS OF ANALYSIS

Catch basin inserts require little design or analysis but must meet the design criteria listed in the following
section.

6.6.1.2 DESIGN CRITERIA

Figure 6.6.1.A (p. 6-140) illustrates the general configurationof a catch basin insert. Catch basin inserts
must meet the criteria outlined below.

General

1. Catch basin inserts shall not be used to satisfy Special Requirement #5 if they will be installed in a
public road right-of-way andmaintained by King County; another option from the High-Use menu
must be used instead.

2. The total maximum tributary area for catch basin inserts should not exceed 5,000 square per unit
fornew development projects. This limit is based on a targetof treating 90 percent of the runoff

1998SurfaceWaterDesignManual 9/1/98
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volume. For a 5,000 square foot impervious area in the Seattle region, this flow is approximately 19
gallons per minute (gpm), or 0.04 cubic feet per second for the WQ design flow.41 The total
maximum tributary area shall not exceed 7,000 square feet per unit for redevelopment projects.

3. If a manufacturer develops a catch basin insert that is proven to effectively treat flow rates higher than
20 gpm (0.045 cubic feet per second) without releasing previously trapped material (in accordance
with Performance Criteria #1, #5, and #6 listed in Table 6.6.1.A, p. 6-136), King County may allow
specific catch basin inserts to drain areas larger than 5,000 square feet.

4. A catch basin insert for a new development project shall be designed to fit with a standard grate, as
specified in the King County Road Standards (see KCRS Nos. 41 and 42). If the insert is installed in

an existing catch basin, the insert shall be demonstrated to fit properly so that there is a positive
seal around the grate to prevent low-flow bypass. The maximum height of the grate above the top of
the frame, with the insert installed, shall not exceed 3/16 inch, and the grate should be non-rocking.

5. Catch basin inserts shall be accessible as needed for maintenance and should not be limited by
continuous vehicle parking.

Pretreatment

While no pretreatment is required with a catch basin insert, the use of the source control BMPs described in
the King County Stormwater Pollution Control Manual (available from DNR) will decrease maintenance

needs. Catch basin inserts may not be used in place of source control best management practices.

MaterialRequirements

1. A catch basin insert must be fitted with oil-absorbent/adsorbent filter media, to be changed at least
monthly (October to June) and whenever the filter media surface is covered with sediment.

Acceptable sorbent media include wood fiber products such as Absorbent W or SuperSorb, whole
fibrous moss (need not be sphagnum), or Petrolok; these media have been investigated by the County
andfound to retain capturedoil fairly effectively. Strearaguard rMpolymer (currently distributedby
Foss Environmental) was also tested using the same method established by the County and found to
achieve acceptable oil retention. Other products which absorb oil without significant release are also
acceptable. _ Other polypropylene-based products are expected to be acceptable, although none but
the Streamguard TM polymer have been investigated to date.

2. Unacceptable filter media. Cedar Grove compost was tested and found unacceptable for oil
retention. Compost from CFS Treatment Systems, Inc., who produce a patented leaf compost, was
also tested. Although it performed fairly well, it did not retain oil as well as the other products tested.
Therefore, CFS leaf compost should not be used in catch basin inserts for oil control. Other materials

that are unsuitable for use in catch basin inserts include Fuller's or diatomaceous earth and kitty litter.

3. To minimize the generation of solid waste and the consumption of natural resources, systems
constructed of or using recycled products are preferred. Reusable filter materials should be
refreshed according to the manufacturer's instructions.

ConstructionRequirements

1. Installation of a catch basin insert for a new or redevelopment project shall follow the manufacturer's
recommended procedures. The insert should be installed in the catch basin after the site has been

paved or stabilized (for new development) or after completion of construction (for a redevelopment
site that is already paved).

41TestingbyKingCountyindicatesthatfewofthedevicestestedcouldcontinuetomeettreatmentrequirementsatflowratesin
excessofabout20gpm.Inaddition,duetotheveryshortcontacttimeandpotentialforflushingpreviouslytrappedmatedals,
treatmentwouldbecompromisedathigherflowrates.

42Criteriausedforacceptableabsorbentmaterialsarethata completelyoil-saturatedsampleofthematerialdoesnotrelease
morethan10mg/Loftotalpetroleumhydrocarboninanytwominuteperiodwhenflushedwithtapwater(runningata rateof --_
0.3to0.5gpm)for10consecutiveminutes.
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6.6.1 CATCHBASININSERTS

2. If a catch basin insert is used for sediment control during construction, it should be reconfigured in
accordance with the manufacturer'srecommendations. When used for sediment control, the insert
should be inspected at least weekly and maintained if needed (see Appendix D for information on
using the insert for sediment control).

Maintenance Requirements

Catch basin insert systems require more frequent maintenance than other oil treatment systems. While

maintenance requirements of individual units may be relatively minor, the need for diligence and the
potentially large number of units required in place of other more typical oil treatment systems make sound
maintenance planning essential to the successful use of these devices. Therefore, the following provisions
are necessary for proper maintenance:

1. A declaration of covenant must be recorded allowing King County to inspect facilities (see
Reference Section 8E for wording).

2. Maintenance needs vary from site to site based on the type of land use activity, implementation of
source controls, and weather conditions. Catch basin inserts should be maintained at a frequency
recommended by the manufacturer, but at least monthly during the wet season (October through
April) and once every 2 months during the remainder of the year. Note: During thefirst wet season, it
is recommended that inspection be carried out every other week to determine whether a shorter
maintenance cycle is needed for the particular site.

3. Maintenance shall include full replacement or renewal of oil absorbent/adsorbent material. In
addition, when maintaining the insert, the catch basin sump should be inspected for sediment
accumulation. Sediment should be removed if the depth of sediment in the sump is greater than 0.5
feet. An inspection and maintenance log shall be kept onsite and made available to County
inspectors on an as-needed basis. At a minimum, the maintenancelog shall include the following
information: date, type of maintenance performed, names of persons performing the work, and
signature. Persons conducting maintenance activities should wear rubbergloves for health andsafety
protection while handling used filter media.

4. The operation and maintenance instructions from the catch basin insertmanufacturer shall be kept
with the maintenance log. Manufacturer'sinstructions should include installation, removal (including
safety instructions), cleaning and replacement (including a practical means of determining when the
unit is in need of service), andmedia disposal guidance (including decanting of liquid wastes).

5. Owners should follow the manufacturer's instructions for dewatering filter media, which vary
depending on the type of unit. Generally, catch basin inserts that drainby gravity can be dewateredin
place during dryweather. If an owner is unable to perform monthly maintenance because there has not
been sufficient dry weather, the maintenance period may be extended up to an additional two weeks.
If by the end of the additional two weeks there has been insufficient dry weather to allow dewatering,
the owner shall make other arrangements for dewatering the filter media. Such arrangementscould
include use of a commercial service, dewatering the insert in a watertight container, or other methods
meeting environmental regulations. Media shall be disposed of in accordance with applicable
regulations, including the Seattle-King County Department of Public Health solid waste regulations
(Title 10) and State dangerous waste regulations (WAC 173-303). In most cases, dewatered filter
media may be disposed of as solid waste.
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I FIGURE 6.6.1.A SCHEMATIC OF CATCH BASIN INSERT II __
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6.6.2 OIL/WATERSEPARATORS

6.6.2 OIL/WATER SEPARATORS

Oil/water separatorsrely on passive mechanisms that take advantage of oil being lighter than water. Oil
rises to the surface and can be periodically removed. The two types of oil/water separators typically used
for stormwater treatment are the baffle type or API (American PetroleumInstitute) oil/water separator and
the coalescing plate oil/water separator.

Baffle oil/water separators baffle Baffle use vaults that have multiple cells separatedby baffles extending
down from the top of the vault (see Figure 6.6.2.D on page 6-151 for schematic details). The baffles
block oil flow out of the vault. Baffles are also commonly installed at the bottom of the vault to trapsolids
and sludge that accumulate over time. In manysituations, simple floating or more sophisticated
mechanical oil skimmers are installed to remove the oil once it has separatedfrom the water.

Coalescing plate separators are typically manufactured units consisting of a baffled vauk containing
several inclined corrugated plates stacked and bundled together (see Figure 6.6.2.E on page 6-152 for
schematic details). The plates axeequally spaced (typical plate spacing ranges from _/4-inchto 1 inch) and
are made of a variety of materials, the most common being fiberglass and polypropylene. Efficient
separation results because the plates reduce the vertical distance oil droplets must rise in order to separate
from the stormwater. Once they reachthe plate, oil droplets form a film on the plate surface. The film
builds up over time until it becomes thick enough to migrate upwardunder the influence of gravity along
the inclined plate. When the film reaches the edge of the plate, oil is released as large droplets which rise
rapidly to the surface, where the oil accumulatesuntil the unit is maintained. Because the plate pack
increases treatment effectiveness significantly, coalescing plate separatorscan achieve a specified
treatment level with a smaller vault size than a simple baffle separator.

Oil/water separatorsare meant to treat stormwaterrunoff from more intensive land uses, such as high-use
sites, and facilities that produce relatively high concentrations of oil and grease. Although baffle
separators historically have been used to remove largeroil droplets (150 microns or larger), they can also
be sized to remove smaller oil droplets. Both separatorscan be used to meet a performance goal of
10 to 15 mg/L by designing the unit to removal oil particles 60 microns and larger.

Applications and Limitations
Oil/water separators are designed to remove free oil and arenot generally effective in separating oil that
has become either chemically or mechanically emulsified and dissolved in water. Therefore, it is
desirable for separators be installed upstream of facilities and conveyance structures that introduce
turbulence and consequently promote emulsification. Emulsification of oil can also result if
surfactants or detergents are used to wash parking areas that drain to the separator. Detergents should not
be used to clean parking areas unless the wash water is collected and disposed of properly (usually to the
sanitary sewer).

Oil/water separators axebest located in areas where the tributary drainage area is nearly all
impervious, and a fairly high load of petroleum hydrocarbons is likely to be generated. Oil/water
separators axe not recommended for areas with very dilute concentrationsof petroleum hydrocarbons since
their performance is not effective at low concentrations. Excluding unpaved areas helps to minimize the
amount of sediment entering the vault, reducing the need for maintenance. A unit that fails and ceases to
function can release previously trappedoil to the downstream receiving water, both in release from the
oily sediments and from entrainmentof surfaceoils.

Wetvaults may also be modified to function as baffle oil/water separators(see design criteria for wetvaults,
Section 6.4.2.2, p. 6-80).

Consult the water quality menus in Section 6.1 (p. 6-3)for information on how baffle and coalescing plate
oil separators can be used to meet Special Requirement # 5.
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6.6.2.1 METHODS OF ANALYSIS

Background . _

Generally speaking, in most oil and water mixtures the degree of oil/water separation that occurs is

dependent on both the time the water is detained in the separator and the oil droplet size. The sizing
methods in this section are based on Stokes' law:

Vr- g(dp-dc)D_ (6-21)
18//

where Vr = rise velocity of oil droplet
g = gravitational constant
dp = density of droplet to be removed
dc = density of carrier fluid

Do = diameter of oil droplet
/./ = absolute viscosity of carrier fluid

1. The basic assumptions inherent in Stokes' law are: (1) flow is laminar, and (2) the oil droplets are
spherical.

Traditional baffle separators are designed to provide sufficient hydraulic residence time to permit oil
droplets to rise to the surface. The residence time Tr is mathematically expressed as follows:

7",= V (6-22) .--.
Q

where V = effective volume of the unit or container, or A, x H, where
A., = surface area of the separator unit, and
H = height of water column in the unit

Q = hydraulic capacity or flow through the separator

The time required for the oil droplet to rise to the surface within the unit is found by the relation:

Tr- H (6-23)
v_

where Vr = rise velocity of the oil droplet

The oil droplet rises to the water surface if the residence time in the separator is at least equal to the oil
droplet rise time. This can be expressed as follows:

rr= rr

By substituting terms and simplifying:

AR 032187 ---
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Vr= Q" (6-24)
A_

where As = surface area of the separator unit

The ratio in Equation (6-24) is designated as the surface overflow rate or loading rate. It is this rate that
governs the removal efficiency of the process and predicts whether an oil droplet will be removed by the
separator.

Method for Baffle Separators

Design steps for the baffle separator are summarized below:

Step 1: Determine the WQ design flow (]2)- The facility is sized based on the WQ design flow (see
Section 6.2.1, p. 6-17). The separator must be designed as an off-line facility. That is, flows higher than
the WQ design flow must bypass the separator.

Step 2: Calculate the minimum vertical cross-sectional area. Use the following equation:

Q (6-25)
Ac =

where Ac = minimum cross-sectional area (sf)
Q = water quality design flow (cfs)
Vu = design horizontal velocity (f'ps)

Set the horizontal velocity Vh, equal to 15 times the oil droplet's rise rate Vr. A design rise rate of 0.033
feet per minute shall be used unless it is demonstrated that conditions of the influent or performance
function warrant the use of an alternative value. Using the 0.033 feet per minute rise rate results in Vu =
0.008 fps ( = 0.495 fpm).

Step 3: Calculate the width and depth of the vault. Use the following equation:

A_ (6-26)
D-

W

where D = maximum depth (ft)
W = width of vault (ft)

and where Ac is from Step 2 above.

The computed depth D must meet a depth-to-width ratio r of between 0.3 and 0.5 (i.e., 0.3 < D/W< 0.5).
Note: D = (r Ac )°"5and

W = Dlr and

r = the depth-to-width ratio

Step 4: Calculate the length of the vault. Use the following equation:

':
where L = length of vault (ft) AR 032188
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F = turbulence andshort-circuitingfactor (unitless, see Figure 6.6.2.A)
VH= horizontal velocity (ft/min) -.
Vr = oil droplet rise rate (ft/min)
D = depth (ft)

The turbulence factor F should be selected using a Vs/Vr ratio of 15, so F = 1.64.

Therefore Equation (6-27) becomes: L = 1.65 x 15 x D

J FIGURE 6.6.2.A TURBULENCE FACTOR PLOT I
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Step 5: Check the separator's length-to-width ratio. The length L of the vault must be at least 5 times
its width in orderto minimize effects from inlet andoutlet disturbances. The length of the forebay shall be
approximately/./3.

Step 6: Compute and check that the minimum horizontal surface area (Ax) criterion is satisfied.
This criterion is expressed by the following equation:

(1.65Q_ (6-28)
A. = < ZW

Step 7: Compute and check that the horizontal surface area of the vault forebay. This area must be
greater than 20 square feet per 10,000 squarefeet of tributaryimpervious area. The length of the forebay
(L/3) may be increased to meet this criterion without having to increase the overall length of the vault.

Step 8: Design the flow splitter and high-flow bypass. See Section 6.2.5 (p. 6-27) for information on
flow splitter design.

AR 032189 v.
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Method for Coalescing Plate Separators

Coalescing plate separators are designed using the same basic principles as baffle separators. The major
difference is that in the baffle separator, horizontal separation is related only to water surface area, while in

the coalescing plate separator, horizontal separation is related to the sum of the plan-areas of the plates.
The treatment area is increased by the sum of the horizontal projections of the plates being added, and is

referred to as the plate effective separation area.

The basic procedure for designing a coalescing plate separator is to determine the effective separation area
required for a given design flow. The specific vault sizing then depends on the manufacturer's plate

design. The specific design, analysis, configuration, and specifications for coalescing plates are
empirically based and variable. Manufacturers' recommendations may be used to vary the
recommendations given below.

Step 1: Determine the WQ design flow. The coalescing plate oil/water separator must be sized based on
the WQ design flow (see Section 6.2.1, p. 6-17). The separator must be designed as an off-line facility;

flows higher than the WQ design flow must bypass the separator.

Step 2: Calculate the plate minimum effective separation area (Ah). Ah is found using the following

equation:

60Q (6-29)

/
where Sw = specific gravity of water = 1.0

So = specific gravity of oil = 0.85

g = absolute viscosity of water (poises); use 0.015674 for temp = 39 ° F
Q - water quality design flow rate (cfs)
An = required effective (horizontal) surface area of plate media (sf).

Equation (6-29) is based on an oil droplet diameter of 60 microns. A graphical relation of Equation (6-29)
is shown in Figure 6.6.2.B below. This graph may be used to determine the required effective separation
surface area of the plate media.

[1 FIGURE 6.6.2.B EFFECTIVE SEPARATION SURFACE VS FLOW RATE [1
II I[
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Step 3: Calculate the collective projected surface area (Ap). A key design step needed to assure
adequateperformance of the separatorunit is to convert the physical plate area(the surface area of the
plates if laid fiat) into the effective (horizontal) separationsurface areaAh (calculated in step 2). The
effective separationsurface area Ah is based on the collective projected horizontal surface area Ap of the
plates where the plates are inclined, rather than their laid fiat.

Ah = Ap = Ao (cos H) (6-30)

where A,, = actual collective plate area of the plate configuration (st')
H = angle of the plates to the horizontal (degree)

This equation is representedgraphically in Figure 6.6.2.C below. The designer should make sure that the

manufacturer sizes the oil/water separator using the projected surface area rather than the actual plate area.
Note: For this method, only the lower plate surface may be counted as effective separation surface,
regardless of manufacturer's claims.

I FIGURE 6.6.2.C PROJECTED HORIZONTAL PLATE AREA FOR
COALESCING PLATE OIL/WATER SEPARATOR I

i i i i
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Step 4: Check with specific separator manufacturers. Check with specific manufacturers to choose a
separatorthat provides the requiredactual collective plate area calculated in Step 3, and meets the other
design criteriagiven in the next section, p. 6-147. The specific vault design will depend upon each
manufacturer'sdesign. The geometric configuration and dimensions of the plate pack as well as the vault
design are variable and flexible depending on each manufacturer'sproduct.

Table 6.6.2.A (p. 6-147) provides approximate vault sizes for rough planning purposes. In reality, various
manufacturer'shave quite different designs, both for the plate packs themselves as well as for forebay and .....
afterbays. In addition, standard pre-cast vault dimensions vary with each manufacturer. These various
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factorscangreatlyaffectthevolumeofvaultneededtoprovidea giveneffectiveSeparationarea.The

numbersinTable6.6.2.Ashould,then,be considered"orderofmagnitude"estimatesonly.

i : +i TABLE 6,6,2.A
APPROXIMATECOALESCING PLATE OIL/WATER SEPARATOR VAULT DIMENSIONS*

Area of Effective Separation Approximate vault volume required (cubic feet) for plates with
(square feet) 1/2 inch spacing and inclined 60 degrees from horizontal

(cubic feet)

100 150

200 240

300 330

600 530

1,200 890

2,400 1150

3,200 2090

4,800 2640

* Order of magnitude es_mates for planning purposes only. Actual vault volumes vary considerably
depending on separator design features and pre-cast vault dimensions.

6.6.2.2 DESIGN CRITERIA

Details for a typical baffle oil/water separator are shown in Figure 6.6.2.D (p. 6-151). Other designs and
configurations of separator units and vaults are allowed, including above ground units. However, they

must produce equivalent treatment results and treat equivalent flows as conventional units.

General Siting

1. Oil/water separators must be installed off-line, bypassing flows greater than the WQ design flow.

2. When a separator is required, it shall precede other water quality treatment facilities (except
wetvaults). It may be positioned either upstream or downstream from flow control facilities, since
there are both advantages and disadvantages with either placement.

3. In moderately pervious soils where seasonal groundwater may induce flotation, buoyancy tendencies
shall be balanced by ballasting or other methods as appropriate.

4. Any pumping devices shall be installed downstream of the separator to prevent oil emulsification in
stormwater.

Vault Structure -- General

The following criteria apply to both baffle and coalescing plate separators:

1. Separator vaults shall be watertight. Where pipes enter and leave a vault below the WQ design water
surface, they shall be sealed using a non-porous, non-shrinking grout.

2. Separator vaults shall have a shutoff mechanism on the outlet pipe to prevent oil discharges during
maintenance and to provide emergency shut-off capability in case of a spill. A valve box and riser
shall also be provided according to the design criteria for wetponds (see "Inlet and Outlet Criteria,"
Section 6.4.1.2, p. 6-71).
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Vault Structure m Baffle Separators

In addition to the above general criteria, the following criteria apply specifically to baffle separators:

1. Baffle separators shall be divided into three compartments: a forebay, an oil separation cell, and an
afterbay. The forebay is primarily to trap and collect sediments, encourage plug flow, and reduce
turbulence. The oil separation cell traps and holds oil as it rises from the water column, and it serves
as a secondary sediment collection area. The afterbay provides a relatively oil-free cell before the
outlet, and it provides a secondary oil separation area and holds oil entrained by high flows.

2. The length of the forebay shall be approximately 1/3 to i/2 of the length of the vault, L. In addition,
the surface area of the forebay must be at least 20 square feet per 10,000 square feet of tributary
impervious area draining to the separator.

3. A removable flow-spreading baffle, extending from the surface to a depth of up to 1/2 the vault
depth (D) is recommended to spread flows.

4. The removable bottom baffle (sediment-retaining baffle) shall be a minimum of 24 inches (see
Figure 6.6.2.D, p. 6-151), and located at least 1 foot from the oil-retaining baffle. A "window wall"
baffle may be used, but the area of the window opening must be at least three times greater than the
area of the inflow pipe.

5. A removable oil retaining baffle shall be provided and located approximately 1/4L from the outlet
wall or a minimum of 8 feet, whichever is greater (the 8-foot minimum is for maintenance purposes).
The oil-retaining baffle shall extend from the elevation of the water surface to a depth of at least 50%
of the design water depth. Various configurations are possible, but the baffle shall be designed to
minimize turbulence and entrainment of sediment.

6. Baffles may be fixed rather than removable if additional entry ports and ladders are provided so that
both sides of the baffle are accessible by maintenance crews.

7. Baffle separator vaults shall have a minimum length-to-width ratio of 5. _

8. The design water depth (D) shall be no deeper than 8 feet unless approved by DDES. Depths greater
than 8 feet may be permitted on a case-by-case basis, taking into consideration the potential for
depletion of oxygen in the water during the warm summer months.

9. Baffle separator vaults shall have a design water depth-to-width ratio of between 0.3 and 0.5.

Vault Structure m Coalescing Plate Separators

In addition to the above general criteria, the following criteria apply specifically to coalescing plate
separators:

1. Coalescing plate separators shall be divided by baffles or berms into three compartments: a forebay,
an oil separation cell which houses the plate pack, and an afterbay. The forebay controls turbulence
and traps and collects debris. The oil separation cell captures and holds oil. The afterbay provides a
relatively oil-free exit cell before the outlet.

2. The length of the forebay shall be a minimum of 1/3 the length of the vault, L (but 1/2 L is
recommended). In addition, it is recommended that the surface area of the forebay be at least 20
square feet per 10,000 square feet of tributary impervious area draining to the separator. In lieu of an
attached forebay, a separate grit chamber, sized to provide he at least 20 square feet per 10,000 square
feet of tributary impervious area, may precede the oil/water separator.

3. An oil-retaining baffle shall be provided. If maintained by the County, the baffle must be a minimum
of 8 feet from the outlet wall (for maintenance purposes ). For large units, a baffle position of 0.25L
from the outlet wall is recommended. The oil-retaining baffle shall extend from the water surface to a
depth of at least 50% of the design water depth. Various configurations are possible, but the baffle
shall be designed to minimize turbulence and entrainment of sediment. -----

AR 032193
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6.6.2OIL/WATERSEPARATORS--DESIGNCRITERIA

4. A bottomsediment-retainingbaffleshallbeprovidedupstreamoftheplatepack.Theminimum

heightofthesludge-retainingbaffleshallbe18inches.Window wallsmay beused,butthewindow
openingmustbea minimum ofthreetimesgreaterthantheareaoftheinflowpipe.

5. Itisrecommendedthatentirespacebetweenthesidesoftheplatepackandthevaultwallbefilled
witha solidbutlight-weightremovablematerialsuchasaplasticorpolyethylenefoam toreduce
short-circuitingaroundtheplatepack.Rubberflapsarenoteffectiveforthispurpose.

6. Ifa separatorwillbemaintainedbyKingCounty,theseparatorplatesshallmeetthefollowing
requirements:

a) Plates shall be inclined at 45° to 60° from the horizontal. This range of angles exceeds the angle
of repose of many solids and therefore provides more effective droplet separation while
minimizing the accumulation of solids on the individual plates.

b) Plates shall have a minimum plate spacing of 1/2-inch and have corrugations.

c) Plates shall be securely bundled in a plate pack so that they may be removed as a unit.

d) The plate pack shall be a minimum of 6 inches from the vault bottom.

e) There should be 1 foot of head space between the top of the plate pack and the bottom of the vault
cover,

Inlet and Outlet

1. The inlet shall be submerged. A tee section may be used to submerge the incoming flow and must
be at least 2 feet from the bottom of the tank and extend above the WQ design water surface.

Intent: The submerged inlet is to dissipate energy of the incoming flow. The distance from the
bottom is to minimize resuspension of settled sediments. Extending the tee to the surface allows r,;.rto
escape the flow, thus reducing turbulence. Alternative inlet designs that accomplish these objectives
are acceptable.

2. The vault outlet pipe shall be sized to pass the WQ design flow before overflow (using the pipe
sizing methods in Chapter 4). The vault outlet pipe shall be back-sloped or have a tee extending
1 foot above and below the WQ design water surface to provide for secondary trapping of oils and
floatables in the wetvault. Note: The invert of the outlet pipe sets the WQ design water surface
elevation.

Material Requirements

1. All metal parts shall be corrosion-resistant. Zinc and galvanized materials are to be avoided when
substitutes are available because of aquatic toxicity potential. Painting metal parts for corrosion
resistance is not allowed due to lack of longevity.

2. Vault baffles shall be concrete, stainless steel, fiberglass reinforced plastic, or other acceptable
material and shall be securely fastened to the vault.

3. Gate valves, if used, shall be designed for seating and unseating heads appropriate for the design
conditions.

4. For coalescing plate separators, plate packs shall be made of fiberglass, stainless steel or
polypropylene.

Access Requirements

Same as for detention vaults (see Section 5.3.3) except for the following modifications:

1. Access to each compartment is required. If the length or width of any compartment exceeds 50 feet,
an additional access point for each 50 feet is required.

AR 032194
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SECTION6.6 OILCONTROLFACILITYDESIGNS

2. Access points for the forebay and afterbay shall be positioned partially over the inlet or outlet tee to
allow visual inspection as well as physical access to the bottom of the vault.

3. For coalescing plate separators, the following also apply:

a) Access to the compartment containing the plate pack shall be a removable panel or other
access able to be opened wide enough to remove the entire coalescing plate bundle from the cell
for cleaning or replacement. Doors or panels shall have stainless steel lifting eyes, and panels
shall weigh no more than 5 tons per panel.

b) A parking area or access pad (25-foot by 15-foot minimum) shall be provided near the
coalescing plate bundles to allow for their removal from the vault by a truck-mounted crane or
backhoe, and to allow for extracting accumulated solids and oils from the vault using a vactor
truck.

Access Roads, Right of Way, and Setbacks

Same as for detention vaults (see Section 5.3.3).

Recommended Design Features

1. A gravity drain for maintenance is recommended if grade allows. The drain invert should be at a
depth equal to the depth of the oil retaining baffle. Deeper drains are encouraged where feasible.

2. The recommended design features for wetvaults should be applied.

3. If large amounts of oil are likely to be captured, a bleed-off pipe and separate waste oil tank can be
located adjacent to the vault to channel separated oils into the tank. This improves the overall
effectiveness of the facility, especially if maintenance is only annually. It also improves the quality of
the waste oil recovered from the facility.

Construction. Considerations

1. Construction of oil/water separators should follow and conform to the manufacturer's recommended
construction procedures and installation instructions as well asChapter 7 of the King County Road
Standards. Where the possibility of vault flotation exists, the vault shall be properly anchored in
accordance with the manufacturer's recommendations or an engineer's design and recommendations.

2. Particular care must be taken when inserting coalescing plate packs in the vault so as not to damage or
deform the plates.

3. Upon completion of installation, the oil/water separator shall be thoroughly cleaned and flushed prior
to operating.

Maintenance Considerations

1. Oil/water separators must be cleaned regularly to ensure that accumulated oil does not escape from the
separator. Separators should be cleaned by November 15 of each year to remove accumulation during
the dry season. They must also be cleaned after spills of polluting substances such as oil, chemicals,
or grease. Vaults must also be cleaned when inspection reveals any of the following conditions:

a) Oil accumulation in the oil separation compartment equals or exceeds 1 inch, unless otherwise
rated for greater oil accumulation depths recommended by the specific separator manufacturer.

b) Sediment deposits in the bottom of the vaults equals or exceeds 6 inches in depth.

2. For the first several years, oil/water separators should be checked on a quarterly basis for proper
functioning and to ensure that accumulations of oil, grease, and solids in the separator are at
acceptable levels. Effluent from the vault shall also be observed for an oil sheen to ensure that oil
concentrations are at acceptable levels and that expected treatment is occurriw,. Sevarators should

also be inspected after large storm events (about 2 inches in 24 hours). AR 032195
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6.6.2 OIL/WATERSEPARATORS-- DESIGN CRITERIA

3. Access to separators shall be maintained free of all obstructions, and units shall be readily accessible
at all times for inspection and maintenance.

4. Maintenance personnel entering oil/water separator vaults should follow the state regulations

pertaining to confined space entry, if applicable.

I FIGURE 6.6.2.D BAFFLE OIL/WATER SEPARATOR I
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[

I FIGURE "6"2"E COALESCING I_LATE O_ATER SEI_A_TOR JJ ....
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KIN(] COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

DEFINITIONS

Note: Thefollowing terms are provided for reference and use with this manual They shall be superseded by any other
definitions for these terms adopted by ordinance.

Acceptable discharge point means an enclosed drainage system (i.e., pipe system, culvert, or tightline) or open
drainage feature (e.g., ditch, channel, swale, stream, river, pond, lake, or wetland) where concentrated runoff can
be discharged without creating a significant adverse impact.

Adjustment means a department approved variation in the application of the requirements of K.C.C. 9.05.050 and the
Surface Water Design Manual to a particular project in accordance with K.C.C. 9.05.050C. The term adjustment
replaces "variance" which had been used in prior editions of the Surface Water Design Manual.

Alkalinity is a measure of the acid neutralizing capacity of water; the ability of a solution to resist changes in pH by
neutralizing acidic input.

Alluvial soils are soils found in valley bottoms; they are generally fine-grained and often have a high seasonal water
table.

Anadromous fish means fish that ascend rivers from the sea for breeding.

Applicant means a property owner or a public agency or public or private utility which owns a right-of-way or other
easement or has been adjudicated the right to such an easement pursuant to RCW 8.12.090, or any person or entity
designated or named in writing by the property or easement owner to be the applicant, in an application for a
development proposal, permit, or approval.

Appurtenances means machinery, appliances, or auxiliary structures attached to a main structure, but not considered
an integral part thereof, for the purpose of enabling it to function.

Aquifer means a geologic stratum containing groundwater that can be withdrawn and used for human purposes.

As-built drawings means engineering plans which have been revised to reflect all changes to the plans which occurred
during construction.

Back-up system means a retention/detention facility where inflows are routed through the control structure before
entering the facility; they are "backed up" into the facility by the flow restrictor.

Backwater means water upstream from an obstruction which is deeper than it would normally be without the
obstruction.

Baffle means a device to deflect, check or regulate flow.

Base flood means a flood having a one percent chance of being equaled or exceeded in any given year; also referred to
as the 100-year flood. The base flood is determined for existing conditions, unless a basin plan including projected
flows under future developed conditions has been completed and adopted by King County, in which case these
future flow projections shall be used. In areas where the Flood Insurance Study includes detailed base flood
calculations, those calculations may be used until projections of future flows are completed and approved by King
County.

Base flood elevation means the water surface elevation of the base flood. It shall be referenced to the National
Geodetic Vertical Datum of 1929 (NGVD).

Basin means a drainage area which drains either to the Cedar, Green, Snoqualmie, Skykomish, or White rivers, or the
drainage areas which drain directly to Puget Sound. Basin also means any area draining to a point of interest.

Basin plan means a plan and all implementing regulations and procedures including but not limited to capital projects,
public education activities, land use management regulations adopted by ordinance for managing surface and storm
water management facilities, and features within individual subbasins.
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Berm means a constructed barrierof compacted earth.

Best management practices (BMP) means those practices which provide the best available and reasonable physical,
structural,managerial, or behavioral activity to reduce or eliminate pollutant loads and/or concentrations leaving
the site.

Biofiltration swale is a long, gently sloped, vegetated ditch designed to filter potlutants from stormwater. Grass is the
most common vegetation, but wetland vegetation can be used if the soil is saturated.

Blanket adjustment means an adjustment established by the County that can be applied routinely or globally to all
projects where appropriate. Blanket adjustments are usually based on a previously approved adjustment and can be
used to effect minor changes or corrections to the design requirements of this manual, or to add new designs and
methodologies to this manual.

Blind, blinding means to severely reduce the ability of a normally infiltrative media to pass water, usually by plugging
with sediment or debris.

BMPs means best management practices.

Bollard means a post used to prevent vehicular access. A boUard may or may not be removable.

BSBL meansbuildingsetbackline.

Buffermeansa)adesignatedareaadjacenttoandapartofa steepslopeorlandslidehazardareawhichprotectsslope
stability,attenuationofsurfacewaterflows,andlandslidehazardsreasonablynecessarytominimizerisk;orb)a
designatedareaadjacenttoorapartofa streamorwetlandthatisanintegralpartofthestreamorwetland
ecosystem.Thecriticalfunctionsofariparianbuffer(thoseassociatedwithanaquaticsystem)includeshading,
inputoforganicdebrisandcoarsesediments,uptakeofnutrients,stabilizationofbanks,interceptionoffine
sediments,overflowduringhighwaterevents,protectionfromdisturbancebyhumansanddomesticanimals,
maintenanceofwildlifehabitat,androomforvariationofaquaticsystemboundariesovertimeduetohydrologicor
climatic effects. The critical functions of terrestrialbuffers include protection of slope stability, attenuation of
surface water flows from stormwater runoff and precipitation, and erosion control.

Building setback line means a line measured parallel to a property, easement, drainage facility, or buffer boundary that
delineates the area (defined by the distance of separation) where buildings or other obstructions areprohibited
(including decks, patios, outbuildings, or overhangs beyond 18 inches). Wooden or chain link fences and
landscaping areallowable within a building setback line. In this manual the minimum building setback line shall
be 5 feet.

Catch basin insert means a device installed underneath a catch basin inlet which can use either gravity or various
sorbent materials to remove pollutants from stormwater. When used with sorbentmaterial, catch basin inserts are
primarily for oil removal.

Catch line means the point where a severe slope intercepts a different, more gentle slope.

Cation exchange capacity means the quantity of ammonium cations in a drymass saturated with ammonium acetate

that can be displaced by a strong solution of NaCI, measured in milliequivalents per gramor 100 grams. The test is
usually performed at neutral pH (Freeze & Cherry, Groundwater, 1979).

Channel means a long, narrow excavation or surface featurethat conveys surface water and is open to the air.

Channel, constructed means a channel or ditch constructed to convey surface water; also includes reconstructed
natural channels.

Channel, natural means a) a channel which has occurred naturallydue to the flow of surface waters; b) a channel that,
although originally constructed by human activity, has taken on the appearanceof a natural channel including a
stable route and biological community.

Clearing means the and removal of vegetation by manual, mechanical, or chemical methods.

Closed depression means an areawhich is low-lying and either has no surface water outlet, or has such a limited outle'
that during stormevents the areaacts as a retention basin, with more than 5000 square feet of water surface area at
overflow elevation.
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Coal Mine Hazard Area means an area underlain by abandoned mine workings such as adits, tunnels, drifts, and air
shafts, or where mine tailings are present.

Compensatory storage means new excavated storage volume equivalent to the flood storage capacity eliminated by
filling or grading within the flood fringe. Equivalent shall mean that the storage removed shall be replaced by
equal volume between corresponding one foot contour intervals that are hydraulically connected to the floodway
through their entire depth.

Construct or modify means to install a new drainage pipe/ditch or make improvements to an existing drainage
pipe/ditch (for purposes other than routine maintenance, repair, or emergency modifications, and excluding
driveway culverts installed as part of single-family residential building permits) that either serve to concentrate
previously unconcentrated surface and storm water runoff or serve to increase, decrease, and/or redirect the
conveyance of surface and storm water runoff.

Conveyance means a mechanism for transporting water from one point to another, including pipes, ditches, and
channels.

Conveyance system means the ,_,'r_2 _=_ ccn_'_-'-c:e_drainage facilities and features, both naturaland constructed,
which collect, contain, and provide for the flow of surface and storm water from the highest points on the land
down to a receiving water. The natural elements of the conveyance system include swales and small drainage
courses, streams, rivers, lakes, and wetlands. The constructed elements of the conveyance system include gutters,
ditches, pipes, channels, and most flow control and water quality treatment facilities.

Critical depth means the depth which minimizes the specific energy E of the flow.

Critical Drainage Area means an area where the Department of Natural Resources (DNR) has determined that
additional drainage controls (beyond those in this manual) are needed to address a severe flooding, drainage,
and/or erosion condition which poses an imminent likelihood of harm to the welfare and safety of the surrounding
community. Critical Drainage Areas (CDAs) are formally adopted by administrative role under the procedures
specified in KCC 2.98. When CDAs are adopted, they are inserted in Reference Section 3 of this manual and their
requirements are implemented through Special Requirement #1 (see Section 1.3.1).

Critical flow means flow at the critical depth and velocity.

Culvert means pipe or concrete box structure which drains open channels, swales, or ditches under a roadway or
embankment typically with no catch basins or manholes along its length.

Cut slope means a slope formed by excavating overlying material to connect the original ground surface with a lower
ground surface created by the excavation. A cut slope is opposed to a bermed slope, which is constructed by
importing soil to create the slope.

DDES means the Department of Development and Environmental Services.

Dead storage means the volume available in a depression in the ground below any conveyance system, or surface
drainage pathway, or outlet invert elevation that could allow the discharge of surface and storm water runoff.

Dedication of land means setting aside and assigning ownership for a portion of a property for a specific use or
function.

Depression storage means the amount of precipitation that is trapped in depressions on the surface of the ground.

Design engineer means the licensed civil engineer who prepares the analysis, design, and engineering plans for an
applicant's permit or approval submittal.

Detention means release of surface andstorm water runoff from the site at a slower rate than it is collected by the
drainage facility system, the difference being held in temporary storage.

Detention fadlity is a facility that collects water from developed areas and releases it at a slower rate than it enters the
collection system. The excess of inflow over outflow is temporarily stored in a pond or a vault and is typically
released over a few hours or a few days.

AR 032201
1998SurfaceWaterDesignManual 9/I/98

3



DEFINITIONSSECTION

Determination of Non-Significance (DNS) means the written decision by the responsible official of the lead agency
that a proposal is not likely to have a significant adverse environmental impact per the SEPA process, and therefore ....
an EIS is not required.

Development means any activity that requires a permit or approval, including but not limited to a building permit,
grading permit, shoreline substantial development permit, conditional use permit, special use permit, zoning
variance or reclassification, subdivision, short subdivision, UrbanPlanned Development, binding site plan, site
development, or fight-of-way use permit.

Direct discharge means undetalned discharge from a proposed project to a major receiving water.

Discharge means runoff, excluding offsite flows, leaving the proposed development through overland flow, built
conveyance systems, or infiltration facilities.

Dispersed discharge means release of surface and storm water runoff from a drainage facility system such that the
flow spreadsover a wide areaand is located so as not to allow flow to concentrate anywhere upstream of a
drainagechannel with erodible underlying granular soils or the potential to flood downstream properties.

Ditch means a constructed channel with its top width less than l0 feet at design flow.

Diversion means a change in the naturaldischarge location or runoff flows onto or away from an adjacent downstream
property. See Core Requirement #1.

• DNS means Determination of Non-Significance.

Drainage refers to the collection, conveyance, containment, and/or discharge of surface and storm water runoff.

Drainage area means an areadraining to a point of interest.

Drainage basin means an area draining to a point of interest.

Drainage channel means a drainagepathway with well-defined bed and banks indicating frequent conveyance of
surface and storm water runoff.

Drainage course means a pathway for watershed drainageoften characterized by wet soil vegetation and often -
intermittent in flow.

Drainage easement means a legal encumbrance that is placed against a property's title to reserve specified privileges
for the users and beneficiaries of the drainage facilities contained within the boundariesof the easement.

Drainage facility means a constructed or engineered feature that collects, conveys, stores or treats surface and storm
water runoff. Drainage facilities shall include but not be limited to all constructed or engineered streams, pipelines,
channels, ditches, gutters, lakes, wetlands, closed depressions, flow control or water quality treatment facilities,
erosion and sedimentation control facilities, and other drainage structures and appurtenances that provide for
drainage.

Drainage pathway means the route that surface and storm water runoff foUows downslope as it leaves any part of the
site.

Drainage review means an evaluation King County staff of a proposed project's compliance with the drainage
requirements in the Surface Water Design Manual.

Dry Season means May 1 to September 30.

Easement means the legal right to use a parcel of land for a particular purpose. It does not include fee ownership, but
it may restrict the owner's use of the land.

Effective impervious fraction is the fraction of actual total impervious area connected to a drainage system. These
figures should be used in the absence of detailed surveys or physical inspection (e.g., via pipe, channel, or short

sheet flow path). AR 032202
EIS means Environmental Impact Statement.

Embankment means a structureof earth, gravel, or similar material raised to form apond bank or foundation for a
road.
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Energy dissipater means any means by which the total energy of flowing water is reduced. In stormwater design, it is
usually a mechanism that reduces velocity prior to, or at, discharge from an outfall in order to prevent erosion.
Energy dissipaters include rock splash pads, drop manholes, concrete stilling basins or baffles, and check dams.

Energy gradient means the slope of the specific energy line (i.e., the sum of the potential and velocity heads).

Engineering plan means a plan prepared and stamped by a professional civil engineer that depicts improvements
proposed for a particular site. An engineering plan contains a Technical Information Report and Site Improvement
Plans, which are described in detail in Chapter 2 of the Surface Water Design Manual.

Engineering review means an evaluation by the Department of Development and Environmental Services (or its
successor agency) of a proposed project's compliance with the drainage requirements in the Surface Water Design
Manual and with other King County requirements.

Enhancement means an increase in ecological functions and value, desirability, or attractiveness of an environmental
feature.

Environmental Impact Statement (EIS) means a document that discusses the likely significant adverse impacts of a
proposal, ways to lessen the impacts, and alternatives to the proposal. It is required by the national and state
environmental policy acts when projects are determined to have the potential for significant environmental impact.

Equivalent area means the area tributary to the receiving water body equal to or less than the shortest, straight-line
distance from the receiving water body (or regional facility) to the farthest point of the proposed project.

Erodible granular soils means soil materials that are easily eroded and transported by running water, typically fine or
medium grained sand with minor gravel, silt, or clay conten t. Such soils are commonly described as Everett or
Indianola series soil types in the SCS classification. Also included are any soils showing examples of existing
severe stream channel incision as indicated by unvegetated strearnbanks standing over two feet high above the base
of the channel.

Erosion means detachment and transport of soil or rock fragments by water, wind, ice, etc.

Erosion and sediment control means any temporary or permanent measures taken to reduce erosion, control siltation
and sedimentation, and ensure that sediment-laden water does not leave the site.

Erosion Hazard Areas means those areas of King County containing soils which, according to the USDA Soil
Conservation Service, King County Soils Survey dated 1973 and any subsequent revisions or additions thereto,
may experience severe to very severe erosion hazard. The group of soils includes Alderwood gravely sandy loan
(AgD), Alderwood-Kitsap (AkF), Beausite gravelly sandy loam (BeD and BeF), Kitsap silt loam, (KpD), Ovall
gravelly sandy loam (OvP and OvF), Ragnar fine sandy loam (Rad), Ragnar-indianola Association (RdE), River
Wash (Rh), and Coastal Beaches (Cb), when they occur on slopes of 15% or steeper.

Eutrophic means a condition of a water body in which excess nutrients, particularly phosphorous, stimulates the
growth of aquatic plant life usually resulting in the depletion of dissolved oxygen. Thus, less dissolved oxygen is
available to other aquatic life.

Eutrophication refers to the process where excess nutrients in water lead to excessive growth of aquatic plants.

Evapotranspiration is the collective term for the processes of evaporation and plant transpiration by which water is
returned to the atmosphere as a vapor.

Exeeedanee probability is the probability that the flow will be equaled or exceeded in any given year.

Existing conditions are the conditions of drainage, vegetation, and impervious cover at the time of analysis.

Existing offsite conditions are the conditions of drainage, vegetation, and impervious cover offsite, including any
problems recorded or observed in the study area (except on the proposed project site), at the time of analysis (see
"existing site conditions").

Existing site conditions depend on what, if any, land conversion activity has occurred on the site since May 1979
when King County first required flow control on developments adding more than 5,000 square feet of new
impervious surface. If a permit has been obtained since May 1979 for any land conversion activity which included
the addition of more than 5,000 square feet of new impervious surface, then existing site conditions are those

1998 Surface Water Design Manual
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created by the site improvements and drainage facilities constructed per the approved permits and engineering
plans. Otherwise, existing site conditions are those that existed prior to May 1979 as determined from aerial
photographs and, if necessary, on knowledge of individuals familiar with the area. The intent is to mitigate
unaddressed impacts created by site alterations/improvements, such as clearing, which have occurred since May
1979 (see Core Requirement #3). Note: Air photos flown in 1979 are available for viewing at the map counter of
the King County Department of Transportation and at DDES.

Experimental design adjustment means an adjustment used for proposing new designs or methods which are
different from those in this manual, which are not uniquely site specific, and for which data sufficient to establish
functional equivalence do not exist.

FEMA means Federal Emergency Management Agency

FEMA floodway is a distinct floodway definition that describes the limit to which encroachment into the natural
conveyance channel can cause one foot or less rise in water surface elevation.

Fertilizer means any material or mixture used to supply one or more of the essential plant nutrient elements.

Filter strip means a grassy area with gentle slopes which treats stormwater runoff from adjacent paved areas before it
concentrates into a discrete channel.

Financial guarantee means a form of financial security posted to ensure timely and proper completion of
improvements in compliance with the project's engineering plan, to ensure compliance with the King County
Code, and/or to warranty materials, workmanship of improvements and design. Financial guarantees include
assignments of funds, cash deposit, surety bonds, and/or other forms of financial security acceptable to or required
by the Director of DDES. The terms "performance guarantee," "drainage facilities restoration and site stabilization
guarantee," and "defect and maintenance guarantee" are considered subcategories of financial guarantee. The term
"financial guarantee" replaces the term "bond" which had been used in prior editions of the Surface Water Design
Manual.

FIRM means Flood Insurance Rate Map.

Flood fringe means that portion of the floodplain outside of the floodway which is covered by floodwaters during the
base flood; it is generally associated with standing water rather than rapidly flowing water.

Flood Hazard Areas means those areas of King County subject to inundation by the base flood; these areas include
but are not limited to streams, lakes, wetlands, and closed depressions.

Flood Insurance Rate Map (FIRM) is the official map on which the Federal Insurance Administration has delineated
flood hazard areas, floodways, and risk premium zones.

Flood Insurance Study means the official report provided by the Federal Insurance Administration that includes flood
profiles and the FIRM.

Floodplain means the total area subject to inundation by the base flood including the flood fringe and floodway.

Flood-proofing means adaptations to ensure that a structure is substantially impermeable to the passage of water below
the flood protection elevation, and that it resists hydrostatic and hydrodynamic loads and effects of buoyancy.

Flood protection elevation means an elevation that is one foot above the base flood elevation.

Flood protection facility means any levee, berm, wall, enclosure, raised bank, revetment, constructed bank
stabilization, or armoring that is commonly recognized by the community as providing significant protection to a 0404
property from inundation by floodwaters. ¢O

O
Flood routing means an analytical technique used to compute the effects of system storage and system dynamics on [1:

the shape and movement of flow; represented by a hydrograph.

Floodway means the channel of the river or stream and those portions of the adjoining floodplains which are
reasonably required to carry and discharge the base flood flow. The portions of the adjoining floodplains which
are considered to be "reasonably required" are defined by the County flood hazard regulations.

Flow control BMPs are simple methods and designs for dispersing and reducing runoff from developed areas.
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Flow control facility means a drainagefacility designed to mitigate the impacts of increased surface and storm water
runoff generated by site development pursuantto the drainage requirements in KCC Chapter 9.04. Flow control
facilities are designed either to hold water for a considerable length of time and then release it by evaporation, plant
transpiration, and/or infiltration into the ground, or to hold runoff a short period of time and then release it to the
conveyance system.

Flow duration means the aggregatetime that peak flows are at or above a particular flow rateof interest (e.g., the
amountof time over the last 40 years that peak flows were at or above the 2-year flow rate).

Flow frequency is the inverse of the probabilitythat the flow will be equaled or exceeded in any given year (the
exceedance probability). For example, if the exceedance probability is 0.01, or 1 in 100, that flow is referred to as
the 100-year flow.

Fiowpath means the route that surface and storm water runoff follows between two points of interest.

Flow-through system means a retention/detention facility where inflows are routed through the storage facility before
discharge through the flow restrictor.

Freeboard means the vertical distance between the design water surface elevation and the elevation of the structure or
facility which contains the water.

Full build-out conditions assumes that the tributary area is developed to its full zoning potential except where there
are existing sensitive areas, open space tracts, and/or native growth protection easements/covenants.

Full Drainage Review means the basic evaluation required by KCC 9.04.030 of a proposed project's compliance with
the full range of core and special requirements in Chapter 1 of this manual. This review addresses the impacts
associated with adding new impervious surface and changing land cover on typical sites. Full Drainage Review is
required for any proposed project that would not be eligible or subject to one of the drainage reviews which targets
certain types of projects.

Geologist means a person who has earned a degree in geology from an accredited college or university or who has
equivalent educational training, and who has at least five years of experience as a practicing geologist or four years
of experience and at least two years post-graduate study, research, or teaching. The practical experience shall
include at least three years work in applied geology and landslide evaluation, in close association with qualified
practicing geologists or geotechnical professional/civil engineers.

Geomorphieaily significant flow is a flow capable of moving sediment.

Geoteehnieai engineer means a practicing geotechnical/civil engineer licensed as a professional Civil Engineer with
the State of Washington who has at least four years of professional employment as a geotechnical engineer in
responsible charge, including experience with landslide evaluation.

Groundwater means underground water usually found in aquifers. Groundwater usually originates from infiltration.
Wells tap the groundwater for water supply uses.

Gully means a channel caused by the concentrated flow of surface and stormwater runoff over unprotected erodible
land.

Habitat means the specific area or environment in which a particular type of plant or animal lives and grows.

Hardpan means a cemented or compacted and often clay-like layer of soil that is impenetrable by roots.

Harmful pollutant means a substance that has adverse effects to an organism including death, chronic poisoning,
impaired reproduction, cancer, or other effects.

High infiltration rates are those in excess of 9 inches per hour as measured by the EPA method or the double ring
infiltrometer method (ASTM D 3385). These will typically be course sand or gravel soil with low silt content.

High-use site means a commercial or industrial site that (1) has an expected average daily traffic (ADT) count equal to
or greater than 100 vehicles per 1,000 square feet of gross building area; (2) is subject to petroleum storage or
transfer in excess of 1,500 gallons per year, not including delivered heating oil; or (3) is subject to use, storage, or
maintenance of a fleet of 25 or more diesel vehicles that are over 10 tons net weight (trucks, buses, trains, heavy
equipment, etc.). Also included is any road intersection with a measured ADT count of 25,000 vehicles or more on
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, themainroadwayand15,000vehiclesormoreonanyintersectingroadway,excludingprojectsproposing
primarily pedestrian or bicycle use improvements.

I-Iorton overland flow is a runoff process whereby the rainfall rate exceeds the infiltration rate, and the excess
precipitation flows downhill over the soil surface.

I-lydraufically connected means connected through surface flow or water features such as wetlands or lakes.

Hydraulic gradient means slope of the potential head relative to a fixed datum.

Hydrograph means a graph of runoff rate, inflow rate, or discharge rate past a specific point over time.

Hydrologic cycle means the circuit of water movement from the atmosphere to the earth and return to the atmosphere
through various stages or processes such as precipitation, interception, runoff, infiltration, percolation, storage,
evaporation, and transpiration.

Hydrologic soil groups means a soil characteristic classification system defined by the U.S. Soil Conservation Service
in which a soil may be categorized into one of four soil groups (A, B, C, or D) based upon infiltration rate and
other properties.

Impervious surface means a hard surface area which either prevents or retards the entry of water into the soil mantle
as under natural conditions prior to development; and/or a hard surface areawhich causes water to run off the
surface in greater quantities or at an increased rate of flow from the flow present under naturalconditions prior to
development. Common impervious surfaces include, but are not limited to, roof tops, walkways, patios, driveways,
parking lots or storage areas, concrete or asphalt paving, gravel roads, packed earthen materials, and oiled,
macadam, or other surfaces which similarly impede the natural infiltration of surface and storm water runoff.
Open, uncovered flow control or water quality treatnvmt facilities shall not be considered impervious surfaces (see
also "new impervious surface").

Impoundment means a natural or man-made containment for surface water.

Improvement means those structures commonly provided when land is converted from its naturalto a developed state.
Examples include roads (with or without curbsor gutters), sidewalks, crosswalks, parking lots, water mains,
sanitary and storm sewers, drainage facilities, street trees, and other appropriateitems.

Infiltration fadfity means a drainage facility designed to use the hydrologic process of water soaking into the ground
(commonly referredto as percolation) to dispose of surface and storm water runoff.

Ingress/egress means the points of access to and from a property.

Inlet means a form of connection between the surfaceof the ground and a channel or pipe for the admission of surface
and stormwater runoff.

Inlet control is a flow condition where the flow is governed by the culvert's inlet geometry.

Interflow is near-surfacegroundwater that moves laterally through the soil horizon following the hydraulic gradient of
underlying relatively impermeable soils. When interflow is expressed on the surface, it is called a spring or
seepage.

KCAS means King County Aerial Survey.

KCRS means King County Road Standards, which are available from the King County Department of Transportation
Map Counter.

Lake means an area permanently inundatedby water in excess of two meters (7 ft) deep and greater than twenty acres
in size as measured at the ordinaryhigh water mark.

Lake management plan means a plan describing the lake management recommendations and requirements adopted by
ordinance and/or public rule for managing water quality within individual lake basins.

Landscape management plan means a King County approved plan for defining the layout and long-term maintenance
of landscaping features to minimize the use of pesticides and fertilizers, and reduce the discharge of suspended
solids and other pollutants.

i
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Landslide means episodic downslope movement of a mass of soil or rock; includes but is not limited to rockfalls,
slumps, mudflows, and earthflows.

Landslide Hazard Areas means those areas of King County subject to a severe risk of landslide as defined in
KCC 21A.24, including the following:

1. Any area with a combination of:

* Slopes steeper than 15%;

• Impermeable soils, such as silt and clay, frequently interbedded with granular soils, such as sand and
gravel; and

• Springs or groundwater seepage;

2. Any area which has shown movement during the Holocene epoch, 10,000 years ago to the present, or which is
underlain by mass wastage debris from that epoch;

3. Any area potentially unstable as a result of rapid stream incision, stream bank erosion or undercutting by wave
action;

4. Any area which shows evidence of, or is at risk from, snow avalanches, or

5. Any area located on an alluvial fan, presently subject to or potentially subject to inundation by debris flows or
deposition of stream-transported sediments.

Landslide Hazard Drainage Areas are specially mapped where the County has determined that overland flows from
new projects will pose a significant threat to health and safety because of their close proximity to SAO-defined
landslide hazard areas that are on slopes greater than 15% (a dehneation of the known SAO landslide hazard areas
can be found in King County's Sensitive Areas Map Folio). Such areas are dehncated on the Landslide Hazard
Drainage Areas map adopted with this manual.

Large Site Drainage Review means the evaluation required by KCC 9.04.030 for development proposals that are
large and/or involve resources or problems of special sensitivity or complexity. Because of the large size and
complexities involved, there is usually a greater risk of significant impact or irreparable damage to sensitive
resources. Such proposals often require a more definitive approach to drainage requirements than that prescribed
by the core and special requirements in Chapter 1. Large Site Drainage Review entails preparation of a master
drainage plan (MI)P) or hmited scope MDP which is reviewed and approved by DDES.

Leachable materials, wastes, or chemicals are those substances which, when exposed to rainfall, measurably alter the
physical or chemical characteristics of the rainfall runoff; examples include erodible soil, uncovered process
wastes, manure, fertilizers, oily substances, ashes, kiln dust, garbage dumpster leakage, etc.

Leaf compost filter is a patented treatment device which uses a specially prepared and patented compost product to
remove pollutants from stormwater.

Level pool routing is the basic technique of storage routing used in King County for sizing and analyzing detention
storage and determining water levels for ponding water bodies. The level pool routing technique is based on the
continuity equation: Inflow - Outflow = Change in storage.

Licensed civil engineer means a person registered with the State of Washington as a professional engineer in civil
engineering.

Lowest floor means the lowest enclosed area (including basement) of a structure. An area other than a basement area
that is used solely for parking of vehicles, building access, or storage is not considered a building's lowest floor,
provided that the enclosed area meets all of the structural requirements of the flood hazard standards.

Major receiving water means a large receiving water that has been determined by King County to be safe for direct
discharge of surface and storm water runoff subject to the restrictions on such discharges set forth in Core
Requirement #3 (see "direct discharge").

MDNS means a Mitigated Determination of Non-Significance per SEPA (see "DNS" and "Mitigation").

Mass wasting means the movement of large volumes of earth material downslope. AR 032207
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Master Drainage Plan (MDP) means a comprehensive drainage control plan usually prepared during the Large Site
Drainage Review process, and intended to prevent significant adverse impacts to the natural and man-made
drainage system, both on and offsite.

Mean annual storm means a statistically derived rainfall event derived by dividing the annual rainfall in an area by the -
number of storm events per year, as defined by the Nationwide Urban Runoff Program studies CU.S.
Environmental Protection Agency, "Results of the Nationwide Urban Runoff Program," 1986).

Metals means elements, such as mercury,lead, nickel, zinc and cadmium, that are of environmental concern because
they do not degrade over time. Although many arenecessary nutrients, they are sometimes magnified in the food
chain, and they can be toxic to life in high enough concentrations.

Mitigation means the reduction of a potential impact by the use of any or all of the following actions that axe listed in
descending orderof preference (KCC 21.04):

1. Avoiding the impact altogether by not taking a certain action or parts of an action

2. Minimizing impacts by limiting the degree or magnitude of the action and its implementation, by using
appropriatetechnology, or by taking affirmative steps to avoid or reduce impacts

3. Rectifying the impact by repairing, rehabilitating, or restoring the affected sensitive area

4. Reducing or eliminating the impact over time by preservation or maintenance operations during the life of the
development proposal

5. Compensating for the impact by replacing, enhancing, or providing substitute sensitive areas

6. Monitoring the impact and taking appropriatecorrective measures.

Modified Site Improvement Plan meansa limited orsimplified "Site ImprovementPlan" used for some projects in targeted
review and/orwhere majorimprovementsare not proposed.

Monitor means to systematically and repeatedly measure something in order to track changes.

Monitoring means the collection and analysis of databy various methods for the purposes of understanding natural
systems and features, evaluating the impacts of development proposals on the biological, hydrologic, and geologic
elements of such systems, and assessing the performance of mitigation measures imposed as conditions of
development.

National Pollutant Discharge Elimination System (NPDES) means the partof the federal Clean Water Act which
requires point source discharges to obtain permits. These permits, referred to as NPDES permits, areadministered
by the Washington State Department of Ecology.

Native Growth Protection Easements (NGPE) means an easement grantedto the County for the protection of native
vegetation within a sensitive area or its associated buffer. The NGPE shall be recordedon the appropriate
documents of title and filed with the King County Records and Election Division. This term was used prior to
December 1990, but has since been replaced with "sensitive area"; all references to sensitive areas in this manual
shall also apply to native growth protection easements.

Natural channel (see "channel, natural")

Natural discharge area means an onsite area tributaryto a single natural discharge location.

Natural discharge location means the location where runoff leaves the project site underexisting site conditions.

Natural onsite drainage feature means a naturalswale, channel, stream, closed depression, wetland, or lake.

New conveyance system elements are those that areproposed to be constructed where there areno existing
constructed conveyance elements.

New impervious surface means the addition of a hard or compacted surface such as pavement, gravel, dirt, or roofs, or
the addition of a more compacted surface such as the paving of pre-existing dirt or gravel.

NGPE means Native Growth Protection Easement. AR 032208 -
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NGVI) means National Geodetic Vertical Datum (see "base flood elevation").

Normal depth means the depth of uniform flow. This is a unique depth of flow for any combination of channel
characteristics and flow conditions. Normal depth is found from Manning's equation.

NPDES means National Pollutant Discharge Elimination System.

Nutrient means one of the essential chemicals needed by plants or animals for growth. Excessive amounts of nutrients

can lead to degradation of water quality and excessive algae growth. Some nutrients can be toxic at high
concentrations.

Offsite means any area lying upstream of the site that drains onto the site and any area lying downstream of the site to
which the site drains.

Offsite flows means runoff conveyed to a proposed project from adjacent properties.

Oil/water separator means a vault, usually underground designed to provide a quiescent environment to separate oil
from water. Floatables (e.g., styrofoam) are also removed.

One-year capture zone means the surface area overlying the portion of the aquifer which contributes water to the well
within a one year period.

Onsite means the site that includes the proposed development (see "site").

Ordinary high water mark means the mark that will be found by examining the bed and banks of a stream and

ascertaining where the presence and action of waters are so common and usual, ancl so long maintained in all

ordinary years, as to mark upon the soil a character distinct from that of the abutting upland, in respect to

vegetation. In any area where the ordinary high water mark cannot be found, the line of mean high water shall
substitute. In any area where neither can be found, the channel bank shall be substituted. In braided channels and

alluvial fans, the ordinary high water mark or substitute shall be measured so as to include the entire stream feature.

Orifice means an opening with closed perimeter (usually sharp-edged) and of regular form in a plate, wall, or partition
through which water may flow, generally used for the purpose of measurement or control of such water.

Outfall is a point where collected and concentrated surface and storm water runoff is discharged from a pipe system or
culvert.

Outlet control is a flow condition where the flow is governed by a combination of inlet geometry, barrel
characteristics, and tailwater elevation.

Outwash soils are soils formed from highly permeable sands and gravels.

Overtopping means to flow over the limits of a containment or conveyance element.

Permeable soils means soil materials with a sufficiently rapid infiltration rate so as to greatly reduce or eliminate
surface and storm water runoff.

Perviousness means related to the size and continuity of void spaces in soils; related to a soil's infiltration rate.

Pesticide is any substance (usually chemical) usecl to destroy or control organisms, includes herbicides, insecticides,

algaecides, fungicides, and others. Many of these substances are manufactured and are not naturally found in the
environment. Others, such as pyrethrum, are natural toxins which are extracted from plants and animals.

pH means a measure of the alkalinity or acidity of a substance found by measuring the concentration of hydrogen ions
in the substance. The pH scale ranges from 1 to 14 with 1 being highly acidic, 14 highly basic, and 7 neutral.
Most natural waters in King County are slightly acidic having a pH of around 6.5.

Physiographic means characteristics of the natural physical environment (including hills).

Pipe system are networks of storm drain pipes, catch basins, manholes, inlets, and outfalls designed and constructed to
convey surface water.

Plat means a map or representation of a subdivision showing the division of a tract or parcel of land into lots, blocks,
streets, or other divisions and dedications.
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Point discharge means the release of collected and/or concentrated surface and storm water runoff from a pipe,
culvert, or channel ....

Point of compliance is the location where detention performance standards are evaluated. In most cases, the point of
compliance is the outlet of the proposed detention facility where, for example, 2- and 10-year discharges must
match predevelopment 2- and 10-year peak flow rates.

•Pollution-generating impervious surface means an impervious surface considered to be a significant source of
pollutants in surface and storm water runoff.. Such surfaces include those subject to vehicular use or storage of
erodible or leachable materials, wastes, or chemicals, and which receive direct rainfall or the run-on or blow-in of

rainfall. Thus, a covered parking area would be included if runoff from uphill could regularly run through it or if
rainfall could regularly blow in and wet the pavement surface. Metal roofs are also considered pollution-
generating impervious surface unless they are treated to prevent leaching.

Pollution-generating pervious surface means a non-impervious surface with vegetative ground cover subject to use
of pesticides and fertilizers. Such surfaces include, but are not limited to, the lawn and landscaped areas of
residential or commercial sites, golf courses, parks, and sports fields.

Porosity means the property of having pores (small openings) that allow the passage of water.

Preappllcation means the meeting(s) and/or form(s) used by applicants for some development permits to present initial
•project intentions to the Department of DeVelopment and Environmental Services or its successor agency.
Preapplication does not mean application.

Preappfieation adjustment means an adjustment that can be requested prior to permit application. It is useful for
when an adjustment decision is needed to determine if a project is feasible, or when the approval conditions must
be known to determine if a project is viable before funding a full application. The approval of preapplication
adjustments is tied by condition to the project proposal presented at a preapplication meeting with DDES.

Project means any proposed action to alter or develop a site which may also requires drainage review.

Project site means that portion of a property or properties subject to proposed project improvements including those _
required by this manual.

R/D means retention/detention facility, another term for flow control facility.

Reach means a length of channel with uniform characteristics.

Receiving waters means bodies of water or surface water systems receiving water from upstream man-made or natural
systems.

Recharge means the flow to groundwater from the infiltration of surface and stormwater runoff.

Redevelopment project means a project that proposes to add, replace, and/or alter exterior impervious surface (for
purposes other than routine maintenance, resurfacing, regrading, or repair) on a site that is already substantially
developed (has 35% or more of existing impervious surface coverage.)

Regional detention facility means a stormwater quantity control structure designed to prevent or correct the existing
or future surface water runoff problems of a basin or subbasin as defined by the King County Department of
Natural Resources (DNR).

Regional scale factor is a geographically variable multiplier applied to the flow time series to account for the
variations in rainfall amounts, and hence runoff, between the project site and the rainfall station (Landsburg or Sea-
Tac).

Release rate means the computed peak rate of surface and storm water runoff from a site.

Replaced impervious surface means any existing impervious surface proposed to be removed down to bare soil or
base course, and replaced with pollution-generating impervious surface, excluding impervious surface removed for
the sole purpose of installing utilities. _

Resource stream means a stream section mapped and rated by King County as being a regionally significant stream
reach that harbors significant concentrations of fish for some period in their life cycle.
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Retention means the process of collecting and holding surface and storm water runoff with no surface outflow.

Retention/detention fadlity (R/D) means a type of drainage facility designed either to hold water for a considerable
length of time and then release it by evaporation, plant transpiration, and/or infiltration into the ground, or to hold

surface and storm water runoff for a short period of time and then release it to the surface and storm water
conveyance system.

Retrofitting means the renovation of an existing structure or facility to meet changed conditions or to improve
performance.

Riparian means pertaining to the banks of rivers and streams, and sometimes also wetlands, lakes, or tidewater.

Riprap means a facing layer or protective mound of stones placed to prevent erosion or sloughing of a structure or
embankment due to the flow of surface and storm water runoff.

Runoff means water originating from rainfall and other precipitation that is found in drainage facilities, rivers, streams,

springs, seeps, ponds, lakes, and wetlands as well as shallow groundwater. As applied in this manual, it also

means the portion of rainfall or other precipitation that becomes surface flow and interflow.

Runoff files refers to a database of continuous flows presimulated by HSPF.

Runoff Files Method is a hydrologic modeling tool for western King County to produce results (design flows,

detention pond sizing, etc.) comparable to those obtained with the U.S. Environmental Protection Agency's HSPF

model but with significantly less effort. This is achieved by providing the user with a set of 15 minute and hourly
time series files of unit area land surface runoff ("runoff files") presimulated with HSPF for a range of land cover
conditions and soil types within King County.

Run-on or blow-in of rainfall means stormwater from uphill that could regularly run through an area, or rainfall that
could regularly be blown in and wet the pavement surface.

Rural residential development means proposed plats or short plats in rural residential zoning (RA) per KCC 21A. 12.

These development proposals lie generally outside the Urban Growth Area and create large (greater than 2.5 acre)
lots.

Rural residential project means any project occurring on properties zoned RA-2.5, RA-5, RA-10, and RA-20 per
KCC 21A.12.

Salmonid means a member of the fish family Salrnonidae. In King County salmonid species include Chinook, Coho,

chum, sockeye, and pink salmon; cutthroat, rainbow, and brown trout and steelhead; Dolly Varden, brook trout,
char, kokanee, and whitefish.

Sand filter is a depression or basin with the bottom made of a layer of sand. Stormwater is treated as it percolates
through the sand layer and is discharged via a central collector pipe.

SAO means Sensitive Areas Ordinance.

Scour means erosion of channel banks due to excessive velocity of the flow of surface and stormwater runoff.

SCS means Soil Conservation Service, U.S. Department of Agriculture.

SCS Method means a hydrologic analysis based on the Curve Number method (National Engineering Handbook -

Section 4: Hydrology, August 1972).

Seasonal high groundwater level means the highest elevation attained by groundwater, as measured by piezometers
or wells, during any calendar year.

Sediment means fragmented material which originates from weathering and erosion of rocks or unconsolidated
deposits, and which is transported by, suspended in, or deposited by water.

Sedimentation means the depositing or formation of sediment.

Sensitive area means the area delineated on a site which contains wetlands, streams, steep slopes, hazard areas,
landslide hazard areas, and their required buffers. Sensitive areas are recorded as tracts or sensitive area notice on
titles.
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Sensitive Areas Ordinance (SAO) means the King County Ordinance and rules that identify environmentally sensitive

areas (coal mine, erosion, flood, landslide, seismic, steep slope, and volcanic hazard areas, and streams, wetlands,

and protective buffers) and supplement the development requirements contained in the various use classifications
in the King CountyCode by providing for additional controls.

Sensitive area setback area means the area delineated on a site which contains wetlands, streams, steep slopes, hazard

areas, landslide hazard areas, and their required buffers. This term was used from November 1990 through
December 1995. References to sensitive areas in this manual shall also apply to sensitive area setback areas.

Sensitive area steep slope means a steep slope (generally over 40%) that meets the definition of a steep slope as
defined in KCC Chapter 21A.24, "Environmentally Sensitive Areas."

Sensitive area tract means a separate tract that is created to protect the sensitive area and its buffer, and whose

ownership is assigned as provided in KCC 21A.24.

Sensitive lake means a lake that has proved to be particularly prone to eutrophication; the County gives this

designation when an active input plan has been adopted to limit the amount of phosphorous entering the lake.

SEPAmeans State Environmental Policy Act.

Shared facility means a drainage facility designed to meet one or more of the requirements of KCC 9.04.050 for two

or more separate projects contained within a basin as defined in KCC 9.04.020. Shared facilities usually include
shared financial commitments.

Sheet erosion means the relatively uniform removal of soil from an area without the development of conspicuous water
channels.

Sheet flow means relatively uniform flow over plane surfaces without the concentration of water into conspicuous
channels.

Shoreline development means the proposed projects regulated by the Shoreline Management Act. Usually this
includes the construction over water or within a shoreline zone (generally 200 feet landward of the water) of

structures such as buildings, piers, bulkheads, and breakwaters, including environmental alterations such as ....

dredging and filling, or any project which interferes with public navigational rights on the surface waters.

Shredded wood mulch means a mulch made from shredded tree trimmings, usually from trees cleared on site and

stockpiled until needed. It must be free of garbage and weeds and may not contain excessive resin, tannin, or other
material detrimental to plant growth.

Siltation means the process by which a river, lake, or other water body becomes clogged with sediment. Silt can clog

gravel beds and prevent successful survival of salmon eggs.

Single family residential project means a project that constructs or modifies a single family dwelling unit and/or
makes related onsite improvements, such as driveways, roads, outbuildings, play courts, etc., or a project that

creates single family residential lots such as a plat or short plat.

Site means the legal boundaries of the parcel or parcels of land for which an applicant has or should have applied for

authority from King County to carry out a development activity, including any drainage improvements required by
this manual.

Site improvement plan consists of all the plans, profiles, details, notes and specifications necessary to construct road,
drainage structure and off-street parking improvements. A Modified Site Improvement Plan means a limited or

simplified "Site Improvement Plan" used for some projects in targeted review and/or where major improvements arc not

proposed.

Slope means the gradient in feet (vertical) per feet (horizontal) or expressed as percent. Side slopes of drainage

facilities are usually referred to with the horizontal dimension first (as in 3H:lV).

Sloughing means the sliding of overlying material. Sloughing has the same effect as caving, but it usually occurs when
the bank or an underlying stratum is saturated or scoured.
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Small site drainage plans are a simplified form of site improvement and erosion/sediment control plans (without a
technical information report) which can be prepared by a non-engineer from a set of pre-engineered design details.
Small site drainage plans are only allowed for projects in Small Site Drainage Review.

Small Site Drainage Review is a simpLifiedalternative to Full Drainage Review (as required by KCC 9.04.030) for
small residential building and subdivision projects that add ten thousand square feet or less of new impervious
surface. The core and special requirements applied under Full Drainage Review are replaced with simpLified small
site requirements which can be applied by a non-engineer.

Soil bioengineering means a method of soil or land stabilization that uses living plant material selected for the specific
site situation as the major structural or engineering component of the stabiLization.

Soil permeability means the ease with which gases, liquids, or plant roots penetrate or pass through a layer of soil.

Soil scientist means a person who has earned a degree in soil science, agronomy, or hydrogeology from an accredited
college or university, or who has equivalent educational training and has at least five years of experience, or who
has four years of experience and at least two years of post-graduate study. Two years of experience must be in the
State of Washington with local soil types.

Soil stabilization means the use of measures such as rock lining, vegetation, or other engineering structures to prevent
the movement of soil when loads are applied to the soil.

Sole-source aquifer means an aquifer that is the only source of drinking water for a given community and that is so
designated by the U.S. Environmental Protection Agency.

Specific energy means the total energy within any system with respect to the channel bottom; equal to the potential
head plus velocity and pressure heads.

Sphagnum bog wetlands are unique wetlands having a predominance of sphagnum moss creating a substrate upon
which a distinctive community of plants is established. Some of these include ledum groenlandicum (Labrador
tea), Kalmia o¢cidentalis (bog laurel), Drosera rotundifolia (sundew), and Vaccinium oxycoccos (cranberry).
Stunted evergreen trees are also sometimes present. In addition to a distinctive plant community, the water
chemistry of sphagnum wetlands is also unique. It is characterized by acidic waters (pH 3 to 5.5), low nutrient
content, low alkalinity, and a buffering system composed predominantly of organic acids. In the Puget Sound area,
mature sphagnum bog wetlands are typically very old, often dating back thousands of years.

Spill control device means a Tee section or ram down elbow designed to retain a limited volume of pollutant that
floats on water, such as oil or antifreeze. SpiU control devices are passive and must be followed by clean-up
activity for the spilled pollutant to actually be removed.

State Environmental Policy Act (SEPA) means the Washington State law intended to minimize environmental
damage. SEPA requires that state agencies and local governments consider environmental factors when making
decisions on activities, such as development proposals over a certain size and comprehensive plans. As part of this
process, environmental documents are prepared and opportunities for public comment are provided.

Steep slope means those areas in King County on slopes 40% or steeper within a vertical elevation change of at least
ten feet. A slope is deLineated by establishing its toe and top, and is measured by averaging the inclination over at
least ten feet of Vertical relief. For the purpose of this definition:

1. The toe of a slope is a distinct topographic break in slope which separates slopes inclined at less than 40%
from slopes 40% or steeper. Where no distinct break exists, the toe of a steep slope is the lowermost limit of
the area where the ground surface drops ten feet or more vertically within a horizontal distance of 25 feet;

AND

2. The top of a slope is a distinct topographic break in slope which separates slopes inclined at less than 40%
from slopes 40% or steeper. Where no distinct break exists, the top of a steep slope is the uppermost limit of
the area where the ground surface drops ten feet or more vertically within a horizontal distance of 25 feet.

Storage routing a method to account for the attenuation of peak flows passing through a detention facility or other
storage feature.

AR 032213
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Storm drains means the enclosed conduits that transport surface and storm water runoff toward points of discharge
(sometimes called storm sewers). _--

Storm drain system refers to the system of gutters, pipes, streams, or ditches used to carry surface and storm water
from surrounding lands to streams, lakes, or Puget Sound.

Stormwater means water originating from rainfall and other precipitation that ultimately flows into drainage facilities,
rivers, streams, ponds, lakes, and wetlands, or flows from springs and seeps, as well as shallow groundwater. As
applied in this manual, it is synonymous with the codified term, "surface and storm water."

Stormwater wetland means a wetland constructed, often in areas of upland soil, for the purpose of treating
stormwater. When created in upland soils, stormwater wetlands are not considered waters of the State if they are
regularly maintained. In King County, stormwater wetlands cannot currently be used to mitigate for impacts to an
existing natural wetland.

Stream means an area where surface waters produce a defined channel or bed. A defined channel or bed is an area
which demonstrates clear evidence of the passage of water and includes, but is not limited to, bedrock channels,
gravel beds, sand and silt beds, and defined-channel swales. The channel or bed need not contain water year-
round. This definition is not meant to include irrigation ditches, canals, storm water runoff devices, or other
entirely artificial watercourses unless they are used by salmonids or used to convey streams naturally occurring
prior to construction. Those topographic features that resemble streams but have no defined channels (e.g., swales)
shall be considered streams when hydrologic and hydraulic analyses done pursuant to a development proposal
predict formation of a defined channel after development.

Stream classification means the following stream classification which applies to all streams within King County:

• Class 1 streams are all streams inventoried as Shorelines of the State under King County's Shoreline Master

Program, KCC Title 25, pursuant to RCW Chapter 90:58.

• Class 2 streams are all streams smaller than Class 1 streams that flow year-round during years of normal
rainfall, or those that are used by salmonids.

• Class 3 streams are streams that are intermittent or ephemeral during years of normal rainfall and are not used
by salmonids.

Structure means a catch basin or manhole in reference to a storm drainage system or as defined in KCC zoning code
21A.

Stub-out means a length of pipe provided for future connection to the storm drainage system.

Subb_Sn means a) a drainage area which drains to a watercourse or waterbody named and noted on common maps
and which is contained within a basin as defined in KCC 9.04.020; b) a drainage basin or area which is part of a
larger drainage basin or area.

Subcritieai flow means flow at depths greater than the critical depth.

Subject to vehicular use as used in the definition of pollution-generating impervious surface, means regularly used by
motor vehicles; the surface may be paved or unpaved. The following are considered regularly-used surfaces:

• roads, unvegetated road shoulders, bike lanes within the traveled lane of a roadway, driveways, parking lots,
unfenced firelanes, diesel equipment storage yards, and airport runways. The following are not considered

regularly-used surfaces: road shoulders primarily used for emergency parking, paved bicycle pathways, bicycle
lanes adjacent to unpaved or paved road shoulders primarily used for emergency parking, fenced firelanes, and
infrequently used maintenance access roads.

Supercritieai flow means flow at depths less than the critical depth.

Surface and storm water means water originating from rainfall and other precipitation that ultimately flows into
drainage facilities, rivers, streams, springs, seeps, ponds, lakes, and wetlands as well as shallow groundwater.

Surface and storm water management system means drainage facilities and any other natural features which collect,
store, control, treat, and/or convey surface and storm water.

AR 032214
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Surface flow means flow that travels overland in a dispersed manner (sheet flow), or in naturalchannels or streamsor

__ constructed conveyance systems.

Surface Water Design Manual means the manual (and supporting documents as appropriate)describing surface and
storm waterdesign and analysis requirements, procedures,and guidance which has been formally adopted by rule
underthe procedures specified in KCC 2.98. The Surface Water Design Manual will be available from the King
County Department of Development and Environmental Services or the Department of NaturalResources.

Swale means a shallow drainage conveyance with relatively gentle side slopes, generally with flow depths less than one
foot.

SWM means the former SurfaceWater Management Division of the King County Department of Natural Resources.

Targeted Drainage Review means an evaluation requiredby KCC 9.04.030 for certaintypes of proposed projects
where drainagereview is abbreviated to addressonly those requirements that would apply to those projects.
Projects subject to this type of drainage review are typically small-site proposals or other small projects that have
site-specific or project-specific drainageconcerns that must be addressedby a licensed civil engineer or DDES
review staff.

Temporary Erosion and Sedimentation Control means any temporary measures taken to reduce erosion, control
siltation and sedimentation, and ensure that sediment-laden water does not leave the site.

TESC means Temporary Erosion and Sedimentation Control.

Threshold discharge area means onsite areadrainingto a single natural discharge location ormultiple natural
discharge locations that combine within l/4-mile downstream (as determined by the shortest towpath). The
purpose of this definition is to clarify how the thresholds of this manual are applied to project sites with multiple
discharge points.

Tightline means a continuous length of pipe which conveys water from one point to another (typically down a steep
slope) with no inlets or collection points in between.

Tightline system is typically a continuous length of pipe used to convey flows down a steep or sensitive slope with
appropriateenergy dissipation at the discharge end.

Till means a layer of poorly sorted soil deposited by glacial action; in the King County area, till typically has a high silt
content (see Section 3.2.2.1 for a description of soil groups).

Time of concentration is the time it takes runoff to travel overland (from the onset of precipitation) from the most
hydraulically distant location in the drainagebasin to the point of discharge.

Total phosphorous (TP) means a naturally occurringelement essential for plant growth. Total phosphorous includes
both dissolved and particulate phases of phosphorous. Excess phosphorous can cause excess algae growth in lakes
and streams, resulting in aesthetic problems and threats to aquatic life.

Total suspended solids (TSS) means that portion of the solids carried by stormwater that can be caught on a standard
glass filter. Additional pollutants such as metals and organics are often associated with the finer portion of the
solids.

Toxic means poisonous, carcinogenic, or otherwise directly harmful to life.

Tract means a legally created parcel of property designated for special non-residential and non-commercial uses.

Travel time means the estimated time for surface water to flow between two points of interest.

Treatment train is a combination of two or more treatment facilities connected in series (i.e., the design water volume
passes through each facility in turn).

Tributary means a drainage feature that collects water and conveys it to another drainage feature (e.g., a drainage
channel is tributary to a stream into which it flows).

Tributary area means the geographical area (not constrained by property boundaries) that drains to the point of
concern.

1998 Surface Water Design Manual AR 032215 9/1/98
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Undisturbed buffer means a zone where development activity, including logging and the construction of utility
trenches, roads, and/or surface and storm water drainage facility systems, shall not occur.

Undisturbed low gradient uplands means forested land that is sufficiently large and fiat to infiltrate surface and
storm runoff without allowing the concentration of wateron the surface of the ground.

Urban residential development means proposed plats or short plats in urban residential zoning per KCC 21.A12.
These development proposals generally lie within the Urban Growth Area and create small (generally less than
10,000 square foot) lots.

Water quality treatment fadfity means a drainage facility designed to reduce pollutants once they are already
contained in surface and storm water runoff. Water quality treatment facilities are the structural component of best
management practices (BMPs); when used singly or in combination, WQ facilities reduce the potential for
contamination of surface and/or ground waters.

Watershed means the geographic region from which water drains toward a central collector such as a stream, river,
lake, or salt water.

Wetpool refers to the volume of water more or less permanently contained in a pond or vault. The volume of water in
a wetpool is normally lost only through natural processes such as evaporation, evapotranspiration, or slow
infiltration into the ground.

Wetpond and wetvault mean drainage facilities for water quality treatment that contain a permanent pool of water.
They are designed to optimize water quality by providing long retention times (on the order of a week or more) to
settle out particles of fine sediment to which pollutants such as heavy metals adsorb,and to allow biologic activity
to occur that metabolizes nutrients and organic pollutants. For wetvaults, the permanent pool of water is covered
by a lid which blocks sunlight from entering the facility, limiting light-dependent biologic activity.

Wetland means an area inundated or saturatedby ground or surface water at a frequency and duration sufficient to
support, and that under normal circumstances do support,a prevalence of vegetation typically adapted for life in
saturated soil conditions. Wetlands generally include swamps, marshes, bogs, and similar areas CU.S.Army Corps
of Engineers Regulation 33 CFR 328.3 (1988)). Wetlands in King County include all area waterward from the
wetland edge. Where the vegetation has been removed, a wetland shall be determined by the presence of hydric
soils, as well as other documentation of the previous existence of wetland vegetation such as aerial photographs.

Wetland edge means the line delineating the outer edge of a wetland established by using the Federal Manual for
Identifying and Delineating Jurisdictional Wetlands (January10, 1989), jointly published by the U. S.
Environmental Protection Agency, the U.S. Fish and Wildlife Service, the U.S. Army Corps of Engineers, and the
U.S. Soil Conservation Service.

Wetland Rating System means the wetland rating system (outlinedbelow) which is based upon the King County
Wetlands Inventory (1983) and the U.S. Fish and Wildlife Service's Classification of Wetlands and Deepwater
Habitats of the United States, FWS/OBS-79/31 (December 1979):

1. Class 1 wetlands are those assigned the Unique/Outstanding#1 rating in the inventory, or uninventoried
wetlands which meet any one of the following criteria:

a) Presence of species recognized by the federal government or State of Washington as endangered or
threatened, or the presence of critical or outstanding potential habitat for those species

b) Wetlands having 40% to 60% open water in dispersed patches with two or more classes of vegetation

c) Wetlands equal to or greater than ten acres in size which have three or more wetland classes, one of which
is open water

d) Presence of plant associations of infrequent occurrence. These include, but are not limited to, estuarine
systems and bogs.

2. Class 2 wetlands are those assigned the Significant #2 rating in the inventory, or uninventoried wetlands which

meet any of the following criteria: AR 032216 -
a) Wetlands greaterthan one acre in size
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b) Wetlands less than or equal to one acre in size which have three or more wetland classes

c) Wetlands less than or equal to one acre in size which have a forested wetland class

d) Wetlands which have present heron rookeries or raptor nesting trees.

3. Class 3 wetlands are those assigned the Low Concern #3 rating in the inventory, or uninventoried wetlands less
than or equal to one acre in size which have two or fewer wetland classes.

Wet Season means October 1 to April 30.

Zero-rise floodway is a floodway definition based upon the limit to which encroachment can occur without detectable
water surface elevation or energy grade line changes. Zero-rise floodways are assumed to include the entire 100-
year floodplain until King County approves a detailed study which defines a zero-rise floodway.

Zinc one of several metals of concern in the aquatic environment. Used in the Resource Stream Protection menu as an

indicator of a whole range of metals found in urban runoff.

°.
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•KING COUNTY, WASHINGTON

SURFACE WATER DESIGN MANUAL

APPENDIX A

MAINTENANCE REQUIREMENTS
FOR PRIVATELY MAINTAINED
DRAINAGE FACII.ITIES

SectionNo. Subiect
1 Detention Ponds
2 Infiltration
3 Closed Detention Systems
4 Control Structure/Flow Restrictor
5 Catch Basins
6 Debris Barriers
7 Energy Dissipaters
8 Fencing
9 Gates
10 Conveyance Systems
11 Grounds
12 Access Roads/Easements
13 Water Quality Facilities

A) BiofiltrationSwale
B) Filterstrips
C) Wetponds
D) Wetvaults
E) Sand Filters
F) Leaf CompostFilters
G) InfiltrationPonds

14 Oil Control Facilities
A) Oil/Water Separators
B) Catch BasinInserts
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

APPENDIX A
MAINTENANCE STANDARDS FOR
PRIVATELY MAINTAINED DRAINAGE FACILITIES

NO.1 - DETENTIONPONDS

Maintenance Defect Conditions When Maintenance Results Expected When
Component Is Needed Maintenance Is Performed

General Trasi_& Debris Anytrashand debriswhichexceed 1 cubicfoot Trash and debrisclearedfrom site.
per 1,000 squarefeet (thisis aboutequal to the
amountof trashitwouldtake to fillup One
standardsize officegarbagecan). Ingeneral,
thereshouldbe no visualevidenceof dumping.

PoisonousVegetation Anypoisonousornuisancevegetationwhich No dangerof poisonousvegetation
mayconstitutea hazardto Countypersonnelor whereCountypersonnelor the
the public, publicmightnormallybe.

(Coordinat_n withSeaffie-King
County Health Department)

Pollution Oil,gasoline,orother contaminantsof one No contaminantspresentother than
gallonormoreor any amountfoundthat could: a surfacefilm. (Coordinationwith
1) cause damageto plant,animal,or marinelife; Seattle/KingCounty Health
2) constitutea fire hazard;or3) beflushed Department)
downstreamduringrainstorms.

Unmowed Grass/ If facilityis locatedinprivateresidentialarea, When mowingis needed,
GroundCover mowingis neededwhengrassexceeds18 grass/groundcovershouldbe

- inchesin height. Inotherareas, the general mowed to 2 inchesinheight.
policyisto make the pondsite matchadjacent Mowingof selectedhigheruse
groundcoverandterrainas longas there is no areas rether than the entire slope
interferencewith the functionofthe facility, may be acceptablefor some

situations.

RodentHoles Any evidenceof rodentholes if facilityisacting Rodentsdestroyedand dam or
as a dam orberm, orany evidenceof water berm repaired. (Coordinationwith
pipingthroughdam orberm via rodentholes. Seattle/KingCounty Health

Department)

Insects When insectssuchas waspsand hornets Insectsdestroyedor removedfrom
interferewithmaintenanceactivities, site.

Tree Growth Tree growthdoesnot allowmaintenanceaccess Trees do not hindermaintenance
or interfereswithmaintenanceactivity(i.e.,slope activities. Selectivelycultivatetrees
mowing,siltremoval,vactoring,orequipment suchas aldersfor firewood.
movements). If trees are not interferingwith
access, leave treesalone.

SideSlopesof Pond Erosion Erodeddamage over2 inchesdeep where Slopesshouldbe stabilizedby
cause of damage is stillpresentorwherethere usingappropriateerosioncontrol
is potentialfor continuederosion, measure(s);e.g., rock

reinforcement,planting of grass,
compaction.

StorageArea Sediment Accumulatedsedimentthat exceeds 10% ofthe Sedimentcleaned out to designed
designedponddepth, pond shapeand depth;pond

reseeded if necessaryto control
erosion.

Pond Dikes Settlements Anypartof dikewhich has settled4 inches lower Dikeshouldbe builtbackto the
than the designelevation, designelevation.

Emergency Rock Missing Only onelayer of rockexists abovenativesoilin Replacerocksto designstandards.
Overflow/Spillway area five squarefeetor larger,orany exposure

of native soilat the topof outflowpathof
spillway. Rip-rapon insideslopesneed not be

- replaced.
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APPENDIX A MA/NTENANCE STANDARDS FOR PRIVATELY MAINTAINED DRAINAGE FACILITIES

NO.2 - INRLTRATION

Maintenance Defect Conditions When Maintenance Results Expected When :-_
Component Is Needed Maintenance Is Performed

General Trash & Debris See "Ponds"Standard No. 1 See "Ponds"Standard No. 1

PoisonousVegetation See "Ponds"StandardNo. 1 See "Ponds"Standard No. 1

Pollution See "Ponds"StandardNo. 1 See "Ponds"Standard No. 1

UnmowedGrass/ See "Ponds"StandardNo. 1 See "Ponds"Standard No. 1
GroundCover

Rodent Holes See "Ponds"StandardNo. 1 See "Ponds"Standard No. 1

Insects See "Ponds"StandardNo. 1 See "Ponds"StandardNo. 1

Storage Area Sediment A percolationtestpit or test of facilityindicates Sediment is removedand/orfacility
facilityis onlyworkingat 90% of itsdesigned is cleaned sothat infiltTationsystem
capabilities. If two inchesormoresediment is worksaccordingto design.
present, remove.

Sheet Cover (If Sheet cover is visibleand has morethat three Sheet cover repairedor replaced.
Applicable) 1/4-inchholesinit.

Sump Filled _ Anysedimentand debrisfillingvaultto 10% of Clean outsump to design depth.
Sedimentand Debris depth from sumpbottomto bottom of outlet pipe
(If Applicable) or obstructingflowintothe connectorpipe.

Filter Bags FilledwithSediment Sediment anddebrisfillbag morethan 1/2 full. Replace filterbag or redesign
and Dabris system.

Rock Filters Sediment and Debris By visual inspec_on,littleor nowaterflows Replace gravel in rockfilter.
throughfilter duringheavy rainstorms.

Side Slopes of Pond Erosion See "Ponds'Standard No. 1 See "Ponds"Standard No. 1

Emergency Rock Missing See "Ponds"StandardNo. 1
OverflowSpillway ..

Settling Ponds and Sediment Removewhen6" ormore.
Vaults ....

Note: Sediment accumulation of more than .25 inches per year may indicate excessive erosion is occurring upsUeam of the facility or that
conveyance systems are not being properly maintained. The contributing drainage area should be checked for erosion problems or
inadequate maintenance of conveyance systems if excessive sedimentation is noted in an infiltration facility.

Check twice a year during first 2 years of operation; once a year thereafter. Clean menholes/cetch basins, repair damaged inlets�outlets,
clean trash racks.

AR 032222 --
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APPENDIX A MAINTENANCE STANDARDS FOR PRIVATELY MAINTAINED DRAINAGE FACILITIES

NO.3 - CLOSEDDETENTIONSYSTEMS(PIPES/TANKS)
Maintenance Defect CondiUons When Maintenance is Needed Results Expected When
Component Maintenance is Performed

StorageArea PluggedAirVents One-halfof the crosssectionof a vent is blockedat Vents free of debrisand
any pointwithdebds andsediment sediment

Debds and Accumulatedsedimentdepthexceeds 10% of the Allsedimentand debris
Sediment diameterofthe storagearea for ½ lengthof storage removedfrom storagearea.

vaultor any pointdepth exceeds 15% of diameter.
Example:72-inchstoragetank wouldrequirecleaning
whensediment reachesdepth of 7 inchesfor more
than½ lengthof tank.

Joints Between Anycrackallowingmaterialto be transportedinto All jointbetweentank/pipe
Tank/Pipe Section facility sectionsare sealed

Tank Pipe Bent Anypartof tank/pipeis bentoutof shape morethan Tank/pipe repairedor replaced
Out of Shape 10% of it's designshape to design.

Manhole Cover Notin Place Coveris missingoronlypartiallyin place. Anyopen Manhole is dosed.
manholerequiresmaintenance.

Locking Mechanismcannotbe opened by one maintenance Mechanismopens withproper
MechanismNot personwith propertools.Boltsintoframe have less tools.
Working than ½ inchof thread (may notapplyto self-locking

lids.)

CoverDifficultto One n'Mdntanancepersoncannotremove lidafter Cover can be removedand
Remove applying801bsof lift. Intentis to keepcoverfrom reinstalledbyone maintenance

sealingoff accessto maintenance, person.

Ladder Rungs KingCountySafety Officeand/or maintenanceperson Ladder meetsdesign standards
Unsafe judgesthat ladder is unsafedue to missingrungs, allowsmaintenancepersonsafe

- misalignmant,rust,or cracks, access.

Catch Basins Sea "CatchBasins"StandardsNo. 5 See =CatchBasins" Standards
No. 5
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APPENDIX A MAINTENANCE STANDARDS FOR PRIVATELY MAINTAINED DRAINAGE FACILITIES

NO. 4- CONTROL STRUCTURE/FLOW RESTRICTOR

Maintenance Defect Condition When Maintenance is Needed Results Expected When ---
Component Maintenance is Performed

General Trash and Debris Distancebetweendebris build-upandbottomof Alltrash and debris removed.
(IncludesSediment) orifice plate is less than 1-1/2 feel

StructuralDamage Structureis notsecurelyattached to manholewall Structuresecurelyattachedto
and outletpipe stnJctureshould supportat least wall and outletpipe.
1,000 Ibsof up ordownpressure.

Structureis not in uprightposition(allowup to Structureincorrectposition.
10% from plumb).

Connectionsto outlet pipeare notwatertightand Connectionsto outletpipe are
showsignsof rust. water tight;,structurerepairedor

replaced and worksas
designed.

Any holes-other than designed holes-in the Structurehas no holesother
structure, thandesigned holes.

Clean,outGate Damaged orMissing Cleanoutgate is notwatertightor is missing. Gate is watertightand worksas
designed.

Gate cannotbe moved up and downby one Gate movesup and downeasily
rnalntananceperson, and is watertight.

Chain leadingto gate is missingor damaged. Chain is inplace and worksas
designed.

Gate is rustedover50* of itssurfacearea. Gate is repairedor replacedto
meet design standards..

Odfice Plate Damaged or Missing Controldevice is notworkingproperlydue to Plate is in placeand worksas +-
missing,out of place, orbent odfice plate, designed.

Obstructions Any trash, debris,sediment,orvegetation Plate is free of all obstructions
blockingthe plate, and worksas designed.

OverflowPipe Obstructions Anytrash ordebrisblocking(or havingthe Pipe is free of all obstructions
potentialof blocking)the overflowpipe. and worksas designed.

Manhole See =ClosedDetentionSystems"StandardsNo. 3 See "Closed DetentionSystems'
StandardsNo. 3

Catch Basin See "Catch Basins"StandardsNo. 5 See 'Catch Basins"Standards
No. 5
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APPENDIX A MAINTENANCE STANDARDS FOR PRIVATELY MAINTAINED DRAINAGE FACILITIES

NO.5- CATCHBASINS
Maintenance Defect Conditions When Maintenance is Needed Results Expected When
Component Maintenance is performed

General Trash & Debris Trash or debdsof more than1/2 cubicfootwhichis No Trash or debrislocated
(IncludssSediment) locatedimmediatelyinfrontof the catchbasin immediatelyinfrontof catch

openingor is blockingcapacityof the basinby basinopening.
morethan I(P/_

Trash or debris(in the basin)that exceeds 1/3 the No trashor debds inthe catch
depth fromthe bottomof basinto invertthe lowest basin.
pipe intoor outof the basin.

Trash or debrisinany inletor outletpipe blocking Inlet and outletpipes free of
more than1/3 of itsheight, trashor debris.

Dead animalsorvegetationthat couldgenerate No dead animals orvegetation
odorsthat couldcause complaintsordangerous presentwithinthecatch basin.
gases (e.g., methane).

Depositsof garbageexceeding1 cubicfoot in No conditionpresentwhich
volume wouldattractor supportthe

breedingof insectsor rodents.

StructureDamageto Comer of frame extendsmore than3/4 inch past Frame is even withcurb.
Frameand/orTop Slab curbface intothe street(If applicable).

Top slab has holeslarger than 2 squareinchesor Top slab is free of holesand
crackswider than 1/4 inch(intentis to make sure cracks.

- all matedai is runningintobasin).

Frame notsiting flushon top slab,i.e., separation Frameis sittingflushon top
of more than3/4 inchofthe frame from the top slab.
slab.

Cracksin BasinWalls/ Cracks widerthan 1/2 inchand longerthan 3 feet, Basinreplacedor repairedto
Bottom any evidenceof soil parlJclesenteringcatch basin design standards.

throughcracks,or maintenancepersonjudgesthat
structureis unsound.

Crackswider than1/2 inch and longerthan 1 foot No cracks morethan 1/4 inch
at the jointof any inlet/outletpipeor any evidence wide at the jointof inlet/outlet
of soilparticlesenteringcatch basinthrough pipe.
cracks.

Sediment/ Basinhas settledmore than 1 inch or has rotated Basin replacedor repairedto
Misalignment morethan 2 inchesout of alignment, designstandards.
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APPENDIX A MAINTENANCE STANDARDS FOR PRIVATELY MAINTAINED DRAINAGE FACILITIES

NO.5 - CATCHBASINS(CONTINUEL_
Maintenance Defect Conditions When Maintenance is Needed Results Expected When
Component Maintenance is performed

Fire Hazard Presenceof chemicalssuchas naturalgas, oiland No flammablechemicals
gasoline, present.

Vegetation Vegetationgrowingacrossand blockingmorethan No vegetationblockingopening
1(7=/oof thebasin opening, to basin.

Vegetationgrowingin inlet/outletpipejointsthat is No vegetationor rootgrowth
more than sixinchestalland less than sixinches present.
apart.

Pollution Nonflammablechemicalsof more than 1/2 cubicfoot No pollutionpresentother than
per three feetof basinlength, surfacefilm.

Catch BasinCover Cover Notin Place" Cover is missingoronlypartiallyinplace. Anyopen Catchbasincoveris closed
catch basinrequiresmaintenance.

LockingMechanism Mechanismcannotbe opened byon maintenance Mechanismopens withproper
Not Working person with propertools. Boltsintoframe haveless tools.

than 1/2 inchof thread.

Cover Difficultto One maintenancepersoncannotremovelidafter Cover can be removedby one
Remove applying80 Ibs. of lift;intentis keepcoverfrom maintenanceperson.

sealing offaccessto maintenance.

Ladder Ladder Rungs Ladder is unsafedueto missingrungs,misalignmant, Ladder meets design standards
Unsafe rust,cracks,orsharp edges, and allowsmaintenanceperson

safe access.
Metal Grates Gratewith openingwiderthan 7/8 inch. Grate openingmeets design
(If Applicable) standards.

Trash and Debris Trash and debristhat is blockingmorethan 20% of Grate free of trash and debris.
gratesurface.

Damaged or Gratemissingorbrokenmember(s) ofthe grate. Grate is in placeand meets
Missing. designstandards.

NO.6 DEBRISBARRIERS(E.G.,TRASHRACKS)
Maintenance Defect Condition When Maintenance is Needed Results Expected When
Components Maintenance is Performed.

General Trash and Debris Trash ordebristhat is pluggingmorethan 20% of Barrierclearto receive capacity
the openingsin thebarrier, flow.

Metal Damaged/Missing Bars are bent outof shapemore than3 inches. Bars inplace with no bends more
Bars. than 314inch.

Bars are missingor entire barriermissing. Bars inplace accordingto
design.

Bars are looseand rust is causing50°/=deterioration Repairor replacebarrierto
to any partof barrier, designstandards.
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APPENDIX A MAINTENANCE STANDARDS FOR PRIVATELY MAINTAINED DRAINAGE FACILITIES

NO.7 - ENERGYDISSIPATERS

- Maintenance Defect Conditions When Maintenance is Needed Results Expected When
Components Maintenance is Performed.

External:

Rock Pad Missingor Moved Only one layer ofrock existsabovenativesoilin Replace rocksto design
Rock area five squarefeet or larger,orany exposureof standards.

nativesoil.

DispersionTrench Pipe Pluggedwith Accumulatedsedimentthat exceeds20% of the Pipecleaned/flushedso that it
Sediment design depth, matchesdesign.

Not Discharging Visual evidenceof waterdischargingat Trench mustbe redesignedor
Water Properly concentratedpointsalongtrench(normalcondition rebuiltto standards.

is a "sheet flow" of wateralongtrench).Intentis to
preventerosiondamage.

Perforations Over 1/2 of perforationsinpipeare pluggedwith Cleanor replace perforatedpipe.
Plugged. debds and sediment.

Water FlowsOut Maintenancepersonobserveswaterflowingout Facilitymustbe rebuiltor
Top of "Distributor" dudngany stormless than thedesignstormor its redesignedto standards.
Catch Basin. causingorappears likelyto causedamage.

ReceivingArea Water in receivingarea is causingor has potential No dangerof landslides.
Over-Saturated of causinglandslideproblems.

Intemah
Manhole/Chamber Worn or Damaged Structuredissipatingflowdatedoratasto 1/2or Replace structureto design

Post. Baffles,Side originalsizeor any concentratedwom spot standards.
of Chamber exceedingone squarefootwhichwouldmake

stnJctureunsound.

Other Defects See =CatchBasins"Standard No.5 See =CatchBasir,_"Standard No.
5

AR 032227
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APPENDIX A MAINTENANCE STANDARDS FOR PRIVATELY MAINTAINED DRAINAGE FACILITIES

NO. 8 - FENCING

Maintenance Defect Conditions When Maintsnance is Needed Results Expected When
Components Maintenance is Performed

General MissingorBroken Anydefectin thefence that permitseasy entry Parts in placeto provideadequate
Parts to a facility, security.

Erosion Erosionmore than4 incheshighand 12-18 No openingunder the fence that
incheswide permittingan openingundera exceeds4 inchesin height.
fence.

Wire Fences DamagedParts Postout of plumbmorethan 6 inches. Post plumbto within1-1/2 inches.

Top railsbentmore than 6 inches. Top rail free of bends greater than
1 inch.

Any partof fence (includingpost,top rails,and Fence is alignedand meetsdesign
fabdc)more than1 footout of designalignment, standards.

Missingor loosetensionwire. Tension wire in place and holding
fabric.

Missingor loosebarbedwirethat is sagging Barbedwire in place with less than
• morethan 2-1/2 inchesbetweenposts. 3/4 inchsag between post.

Extensionarm missing, broken,orbent out of Extensionarm in place with no
shape more than 1 1/2 inches, bendslargerthan 3/4 inch.

Detsdorated Paint or Partor partsthat havea rustingor scaling Structurallyadequate postsor
ProtectiveCoating condi_onthat has affectedstructuraladequacy, partswitha uniformprotective

coating.
Openingsin Fabdc Openingsinfabdc are suchthat an 8-inch- No openingsin fabric.

diameterball couldfit through.

NO. 9 - GATES

Maintenance Defect Conditions When Maintenance is Needed Results Expected When
Component Maintenance is Performed

General Damaged orMissing Missinggate or lockingdevices. Gates and Lockingdevices in
Members place.

Brokenor missinghingessuch that gate cannot Hinges intactand lubed. Gate is
be easilyopened and closedby a maintenance workingfreely.
person.

Gate isout of plumbmore than 6 inches and Gate is aligned and vertical.
morethan 1 footoutof design alignment.

Missingstretcherbar, stretcherbands, and ties. Stretcher bar, bands and ties in
place.

Openings inFabric See =Fencing"Standard No. 8 See =Fencing"Standard No. 8

AR 032228
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APPENDIX A MAINTENANCE ffFANDARD$ FOR PRIVATELY MAINTAINED DRAINAGE FACILITIES

NO.10 - CONVEYANCESYSTEMS(PIPES& DITCHES)
Maintenance Defect Conditions When Maintenance is Needed Results Expected When
Component Maintenance is Performed

Pipes Sediment& Debris Accumulatedsedimentthat exceeds20% of the Pipecleaned of all sediment
diameterof the pipe. and debris.

Vegetation Vegetationthat reducesfree movementof water All vegetationremoved so water
throughpipes, flowsfreelythrough pipes.

Damaged Protectivecoatingis damaged; rustis causing Piperepairedor replaced.
more than 50°/=deteriorationto any partof pipe.

Anydent that decreasesthecrosssectionarea of Piperepairedor replaced.
pipe by morethan20%.

Open Ditches Trash & Debris Trash and debrisexceeds I cubicfoot per 1,000 Trash and debriscleared from
squarefeet of ditchand slopes, ditches.

Sediment Accumulatedsedimentthat exceeds20 % of the Ditchcleaned/flushed of all
designdepth, sedimentand debrisso that it

matchesdesign.
Vegetation Vegetation that reducesfree movementofwater Water flowsfreely through

throughditches, ditches.

ErosionDamage to See "Ponds"StandardNo. 1 See "Ponds"StandardNo. 1
Slopes

Rock LiningOut of Maintenar_ personcan see nativesoil beneath Replace rocksto design
Placeor Missing(If therock lining, standards.
Applicable).

Catch Basins See "CatchBasins:Standard No.5 See "Catch Basins"Standard
No. 5

DebrisBarriers See =DebrisBamers"StandardNo.6 See "Debris Barriers"Standard
(e.g., Trash Rack) No. 6

NO.11 - GROUNDS(LANDSCAPING)
Maintenance Defect Conditions When Maintenance is Needed Results Expected When
Component Maintenance is Performed

General Weeds Weeds growinginmore than 20% of the landscaped Weeds presentin less than 5%
(Nonpoisonous) area (treesand shrubsonly), ofthe landscapedarea.

SafetyHazard Anypresenceof poisonivyorotherpoisonous No poisonousvegetation
vegetation, presentin landscapedarea.

Trash or Litter Paper, cans, bottles,totalingmorethan 1 cubicfoot Area clear of litter.
• withina landscapedarea (treesand shrubsonly)of

1,000 squarefeet.

Trees and Shrubs Damaged Limbsorpartsof trees orshrubsthat are splitor Trees and shrubswith less than
brokenwhichaffectmorethan 25% of thetotal 5% of total foliagewithsplitor
foliageof the tree orshrub, brokenlimbs.

Trees orshrubsthat have been blowndownor Tree or shrubin place free of
knockedover. injury.

Trees or shrubswhichare notadequatelysupported Tree or shrubin place and
orare leaningover,causingexposureof the roots, adequatelysupported;remove

any dead ordiseased trees.
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APPENDIX A MAINTENANCE STANDARDS FOR PRIVATELY MAINTAINED DRAINAGE FACILrI'IES

NO.12 - ACCESSROADS/EASEMENTS

Maintenance Defect Condition When Maintenance is Needed Results Expected When -
Component Maintenance is Performed

General Trash and Debris Trash and debrisexceeds I cubic footper 1,000 Roadwayfree of debriswhich
squarefeet i.e., trashand debriswouldfillup coulddamage tires.
one standardssize garbagecan.

BlockedRoadway Debriswhich coulddamage vehicletires (glass Roadwayfree of debriswhich
ormetal), coulddamage tires.

Anyobstructionwhich reducesclearanceabove Roadway overheadclearto 14 feet
roadsurface to lessthan 14 feel high.

Any obstructionrestrictingthe accessto a 10 to Obstructionremovedto allowat
12 foot widthfor a distanceof morethan 12 feet least a 12 footaccess.
or any pointrestricl_ngaccess to less than a 10
foot width.

Road Surface Settlement,Potholes, When any surfacedefect exceeds 6 inchesin Road surfaceuniformlysmooth
MushSpots, Ruts depthand 6 squarefeet inarea. In general,any with no evidenceof settlement,

surfacedefect which hindersor prevents potholes,mushspots, or ruts.
maintenanceaccess.

Vegetation in Road Weeds growingin the road surfacethat are Road sudace free of weeds taller
Surface morethan 6 inches tall and less than 6 inches than 2 inches.

talland less than 6 inches apartwithina 400-
squarefootarea.

ModularGrid Build-upof sedimentmildlycontaminatedwith Removalof sediment and disposal
Pavement petroleumhydrocarbons, in keepingwithHealth Department

recommendationsfor mildly
contaminatedsoilsor catch basin
sediments.

Shouldersand Erosion Damage ErosionwithinI footof the roadwaymore than 8 Shoulderfree of erosionand
Ditches incheswide and 6 inchesdeep. matchingthe surroundingroad.

Weeds and Brush Weeds and brushexceed 18 inchesinheightor Weeds and brushcut to 2 inches
hindermaintenanceaccess, inheightor cleared insuch a way

as to allow maintenanceaccess.
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APPENDIX A MAINTENANCE _'I'ANDARD$ FOR PRIVATELY MAINTAINED DRAINAGE FACILITIES
i

NO. 13- WATER QUALITY FACILmES

A.) Biofiltration Swale
Maintenance Defect Condition When Maintenance is Needed Results Expected When
Component Maintenance is Performed

Biofiltrationswale SedimentAccumulation Sedimentdepth exceeds2-inches No sedimentdepositson grass
on Grass Layer layer of the bio-swale,whichwould

impede filtrationof runoff.

Vegetation When the grassbecomesexcessivelytall Vegetation is mowedor nuisance
(greaterthan 10-inches);when nuisanceweeds vegetationis eradicated,suchthat
and othervegetation startsto take over. flownotimpeded.Grass shouldbe

mowedto a heightbetween4
inchesand 9 inches.

InletOutletPipe Inlet/outletpipe cloggedwithsedimentand/or No cloggingor blockageinthe inlet
debris, and outletpiping.

Trash and Debris Trash and debrisaccumulatedin the bio-swale. Trash and debrisremovedfrom
Accumulation bioswale.

Erosion/Scouring Where the bio-swalehas erodedorscoured Bioswaleshouldbe re-gradedand
the bottomdue to flowchannelization,orhigher re-seededto specification,to
flows, eliminatedchanneled flow.

Overseededwhen bare spotsare
evident.

NO. 13-WATER QUALITY FACILmES (CONTINUEDj

B.)GrasslinedFilterStrips
Maintenance Defect Condition When Maintenance is Needed Results Expected When

._ Component Maintenance is Performed

FilterStrip SedimentAccumulation Sedimentdepth exceeds2 inches. No sedimentdepositson grass
on Grass Layer layer of the filterstrip,whichwould

impede filtrationrunoff.

Vegetation When the grassbecomesexcessivelytall Vegetation is mowed ornuiSance
(greaterthan 10-inches);whennuisanceweeds vegetation is eradicated, such that
andother vegetation startsto takeover. flownotimpeded. Grass shouldbe

mowedto a heightbetween4
inchesand 9 inches.

Trash and Debris Trash anddebrisaccumulatedon thefilter Trash and Debris removedfrom
Accumulation strip, filter.

Erosion/Scouring Where the filterstriphas erodedor scoured Stripshouldbe re-graded and re-
dueto flowchannelization,orhigherflows, seeded specification,to eliminate

channeledflow.Overseeded when
barespotsare evident.

V-Notch PipeWeir When the V-Notch pipe becomesdamagedor Cleaned and properlyfunctioning
cloggedwithsediment/debris, weir, suchthat flows uniformly

spread.
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APPENDIX A MAINTENANCE STANDARDS FOR PRIVATELY MAINTAINED DRAINAGE FACILITES

C.) Wetponds
Maintenance Defect Condition When Maintenance is Needed Results Expected When _-
Component Maintenance is Performed

Wetpond Vegetation Vegetationsuchas grassand weeds needto be Vegetationshouldbe mowed to
mowedwhenitstartsto impedeaestheticsof pond. 4 to 5 inchesinheight. Trees
Mowingis generallyrequiredwhen heightexceeds and bushesshouldbe removed
18-inches.Mowedvegetationshouldbe removed wherethey are interferingwith
from areas whereit couldenterthe pond, either pondmaintenanceactivities.
when the pond level rises,or by rainfallrunoff.

Trash and Debris Accumulationthatexceeds 1 CF per 1000-SF of Trash and debds removed from
pondarea. pond.

Inlet/Outlet Pipe Inlet/Outiet pipecloggedwith sedimentand/or No cloggingor blockageinthe
debrismaterial, inletand outlet piping.

Sediment Sedimentaccumulationsin pondbottomthat Removalof sedimentfrom pond
Accumulationin Pond exceedsthe depthofsediment zone plus6-inches, bottom.
Bottom usuallythe firstcell.

Oil Sheen on Water Prevalentand visibleoilsheen. Removalof sedimentfrom pond
bottom.

Erosion Erosionof the pond'ssideslopesand/or scouringof Slopesshouldbe stabilizedby
the pond bottom,that exceeds6-inches, or where usingpropererosioncontrol
continuederosionis prevalent, measures,and repairmethods.

Settlementof Pond Anypartof these componentsthat has settled4- Dike/berm is repairedto
Dike/Berm inchesor lowerthanthe designelevation,or specifications.

inspectordeterminesdike/berm is unsound.

Rock Window Rockwindowis cloggedwithsediment. Windowis free of sedimentand
debris.

OverflowSpillway Rock is missingend soil is exposedat top of Replace rocksto specifications.
spillwayoroutsideslope.
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APPENDIX A MAINTENANCE STANDARDS FOR PRIVATELY MAINTAINED DRAINAGE FACILITIES -

NO.13 - WATERQUALITYFACILmES(CONTINUE_

- D.) Wetvaults
Maintenance Defect Condition When Maintenance is Needed Results Expected When
Component Maintenance is Performed

Wetvault Trash/Debris Trash anddebrisaccumulatedin vault,pipeor Trash and debrisremovedfrom
Accumulation inlet/outlet, (includesfloatablesand non- vault.

floatablas).

SedimentAccumulation Sedimentaccumulationinvault bottomthat Removalof sedimentfrom vault.
inVault exceedsthe depth of the sedimentzone plus6-

inches.

Damaged Pipes Inlet/outletpipingdamagedorbrokenand in Pipe repairedand/or replaced.
need of repair.

AccessCover Covercannot be openedor removed,especially Pipe repairedor replacedto
Damaged/Not Working byone person, properworkingspecifications.

Vault Structure Vault: Crackswiderthan 1/2-inchand any No crackswiderthan 1/4-inchat
Damaged evidenceof soil particlesenteringthe structure the jointof the inlet/outlet pipe.

throughthe cracks,or maintenance/inspection Vault is determinedto be
personneldeterminesthat thevault is not structurallysound.
structurallysound.

Baffles Bafflescorroding,cracking,warpingand/or Repairor replacebafflesto
showingsignsof failureas determined by specifications.
maintenance/inspection staff.

AccessLadder Damage Ladderis corrodedordeteriorated,notfunctioning Ladder replacedor repairedto
properly,missingrungs,has cracksand/or specifications,and is safe to
misaligned, use as determinedby inspection

personnel.
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APPENDIX A MAINTENANCE STAND,z_R=DSFOR PRIVATELY MAINTAINED DRAINAGE FAC_]TB_S

NO. 13- WATER QUALITY FACILmES (CONTINUED_

E.)SandFilters
Maintenance Defect Condition When Maintenance is Needed Results Expected When
Component Maintenance is Performed -

Above Ground Sediment Sediment depthexceeds 1/2-inch. No sedimentdepositon grass
Accumulationon Grass layer of sand filterwhichwould
Layer impede permeabilityof the filter

section.

Trash and Debris Trash and debrisac.cumul_edon sand filterbed. Trash and debrisremovedfrom
Accumulations sandfilterbed.

Sediment/Debris in When the yarddrainCB's and clean-outbecome Sediment,material fromthe
Yard Drains/Clean- fullor parUailypluggedwithsedimentand/or CB'sand clean-outsremoved.
Outs] debds.

Vegetation When the grassbecomesexcessivelytall (greater Vegetation is mowedor
than6-inches);when nuisanceweeds and other nuisancevegetationis
vegetationstartsto take over. eradicated,suchthat flowis not

impeded.
Sand Filter Media Drawdownof water throughthe sand filtermedia, Usuallyrequiresreplacementof

takes longerthan24-hours,and/or flowthrough top 6 to 12-inchesof media.
the overflowpipesoccursfrequently. May require replacementof

entiresand filtersection,
dependingon section.

Prolongedflows Sand is saturatedfor prolonged periodsof time Limitthe low, continuousflows
(severalweeks) end does notdry out between to a small portionof thefacility
stormsdue to coninuous baseflowor prolonged by usinga lowwoodendivideror
flowsfrom detentionfacilities, slightlydepressed sand surface.

ShortCircuiting When flowsbecomeconcentratedoverthe sand Flowend percolationof water
filterrather thandispersed, throughthe sandfilteris uniform

and dispersedacrossthe filter
section.

ErosionDamageto Erosionover2-inchesdeep where cause of Slopesshouldbestabilizedby
Slopes damage is prevalentorpotenfial for confinued usingpropererosioncontrol

erosionis evident, measures.

Rock Pad Missingor Soil beneath the rockis visible. Replaceor rebuildthe rockpad
Out of Place to designspecificaflons.

V-Notch PipeWeir When the V-Notchpipe becomesdamaged or Clean andproperly'functioning
cloggedwithsediment/debds, weir, suchthat flowsuniformly

spread.

Damaged Pipes Anypert of the pipingthat is crushed ordeformed Piperepairedor replaced.
morethen 20=/.orany otherfailure to the piping.

BelowGround Sediment Sedimentdepth exceeds 1/2-inch. No sedimentdepositson sand
Vault. Accumulationon Sand filtersection,whichwould

Media Section impedepermeabilityof the filter
section.

Sediment Sedimentdepth exceeds 6-inchesinvault bottom. No sedimentdepositin thefirst
AccumulationinVault chamberof the vault.

Trash/Debris Trash and debrisaccumulatedin vault,orpipe Trash and debrisremovedfrom
Accumulation inlet/outlet,floatablesand non-fioatables vault, and inlet/outlet piping.

Sediment in Drain When drainpipes, cleanouts,and yarddrains Remove the material from the
Pipes/Yard Drains/ becomefullwithsedimentend/or debris, facilities.
Cleanouts
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APPENDIX A MAINTENANCE STANDARDS FOR PRIVATELY MAINTAINED DRAINAGE FACILITIES

NO.13 - WATERQUALITYFACILmES(CONTINUED)

E.) Sand Filters (Continued)
Maintenance Defect Conditions When Maintenance is Needed Results Expected When
Component Maintenance is Performed

BelowGround ShortCircuiting When seepage/flow occursalongthevaultwalls Sand filtermediasectionre-laid
Vault (Continued) and comers, and compactedalong perimeter

of vaultto form a semi-seal.

Ve_cal RiserPipes Plugged,failuredue to crackingdeformation.Flows Clean outthe riserpipe;replace
tend to back-upinfirstchamberof thevault, pipeas needed.

Damaged Pipes Inletor outlet pipingdamaged or brokenand in Piperepaired and/or replaced.
need of repair.

AccessCover Covercannotbe opened,one personcannotopen Coverrepairedto proper
Damaged/Not the cover,corrosion/defom'_tionof cover, workingspecificationsor
Working replaced.

Vault Structure Cracks wider_ 1/2-inchand any evidenceof soil Vault replacedor repairedto
Damaged; Includes particlesentedngthe structurethroughthe cracks, designspecifications.
Cracksin Wells, or maintenance/inspectionpersonneldetermines
Bottom,Damage to that thevault is notstructurallysound.
Frame and/or Top
Slab.

Cracks wider than 1Q-inchat the jointsof any inlet/ No cracksmore than 1/4-inch
outletpipe orany evidenceof soil particlesentering wide at the jointof the inlet/
the vaultthroughthe walls, outletpipe.

Baffles Bafflescorroding,cracking,warpingand/or showing Repairorreplacebafflesto
signsof failureas determinedby maintenance/ specifications.
inspectionperson.

AccessLadder Ladderis corrodedor deteriorated,notfunctioning Ladderreplacedor repairedto
Damaged properly,missingrungs,cracks,and misaligned, specifications,and is safeto

use as determinedby inspection
personnel.
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APPENDIX A MAINTENANCE STANDARDS FOR PRIVATELY MAINTAJNED DRAINAGE FACILITIES

NO.13 - WATERQUALITYFACILmES(CONTINUED)

F.)LeafCompostFilters -
Maintenance Defect Conditions When Maintenance is Needed Results Expected When
Component Maintenance is Performed

Abov()Ground Sediment Sedimentdepthexceeds0.25-inches. No sedimentdepositson fabric
Open Swale accumulationon Geo- layer whichwouldimpede

Textile/media permeabilityof the fabric.

Trash and debris Trash and debrisaccumulatedon composttilter Trash and debrisremovedfrom
accumulations bed. compostfilterbed.

Sediment/debris in When the yarddrainCB'sand clean-outsbecome Remove the accumulated
drain/yard drains/ fullof sedimentand/or debns, materialfrom the facility.
clean-outs.

Vegetation Vegetationimpendingflow throughsection,or Vegetation is mowed or
encroachingintocompostmedia, eradicatedsuchthat flow is no

longerimpeded.

Leaf Compost Media Drawdownof waterthroughthe leaf compost, Replace media with new to
takes longerthen 12-hours,and/or flowthrough design specitications,in addition
the overflowpipesoccursfrequenUy, to replacingfabric.

Short-Circuiting When Channeledflowoccursover the leaf media; Row is uniformover the entire
and whereflowperksthroughthe mediaat the widthof the media section,and
baffles, concentratedpercolationdoes

not occurat the bafflewalls.
Media needsto be graded and
re-set at the baffles to form a
seal. Weir plate may need to be
adjustedin addition.

ErosionDamage to Erodeddamageover2-inchesdeep wherecause Slopesshouldbe stabilizedby
Slopes of damageis prevalentor potentialfor continued usingpropererosioncontrol

erosionis prevalent, measures.

Damaged Geo-Textile When fabricis tom,deteriorated,raveled, etc. Fabric replacedas necessary.
Fabdc.

Rock Pad Missingor Soil beneaththe pad is visible. Replace or rebuildthe rockpad
out of place to design standards.

Damaged Pipes Any partof the pipe systemthat is crushed, Pipe repairedor replaced.
damage dueto corrosion,and/or settlement.

V-Notch Weir Flowis notbeinguniformlyspreadover tilter Clean, repairorreplacethe weir
Assemblies media, systems.

BelowGround Sediment Sedimentdepthexceeds0.25-inches. No sedimentdepositson fabric
Vault Accumulationon Geo- layer whichwouldimpede

Textile/Media. permeabilityof the fabric and
compost media.

Sediment Sedimentdepthexceeds6-inches infirstchamber. No sedimentdepositsin vault
AccumulationinVault bottomof firstchamber.

Trash/Debris Trash and debris accumulatedon composttilter Trash anddebrisremovedfrom
Accumulation bed. the compostfilterbed.

Sediment in Drain When drain pipes,clean-outs,yarddrainsbecome Remove the accumulated
Pipes/Yard Drains/ fullwithsedimentand/or debris, materialfrom the facilities.
Clean-Outs
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APPENDIX A MAINTENANCE STANDARDS FOR PRIVATELY MAINTAINED DRAINAGE FACILITIES

NO.13- WATERQUALIFYFACILmES(CONTINUED)

F.)LeafCompostFilter(Continued)
Maintenance Defect Condition When Maintenance is Needed Results Expected When
Component Maintenance is Performed

BelowGround Leaf CompostMedia Drawdownof waterthroughthe leaf compost,takes Replace media with new
longerthan12-hours,and/or overflowoccurs compostto specifications,in
frequently, additionto replacingfabric.

ShortCircuiting When seepageoccursalong thevaultwall and Percolationof wateroccurs
comersoccur, alongthewalls and comersand

notthroughthe media section.
Media needsto be re-set along
thevaultwall and comers to
forma semi-seaL

Plugged/Damaged Flowtendsto backupunusuallyhighin the first Clean outthe elbow fittingsand/
Elbows chamberof the vault, or replaceifdamaged.

DamagedGeo-Textile Fabricis tom,deteriorated,raveled, etc. Fabricreplacedas necessary.
Fabric

Rock Pad Missingor Soilbeneath the pad isvisible. Replace orrebuildthe rockpad
Out of Place to designstandards.

Damaged Pipes Any pert ofthe pipesthat are crushed,damaged Pipe repairedand/or replaced.
dueto corrosionand/or settlement.

Access Cover Covercannotbe opened, one personcannotopen Cover repairedto proper
Damaged/Not the cover,corrosion/deformationof cover, workingspecificationsor
Working replaced.

V-Notch Weir Flowdoes not spreaduniformlyover filtermediaby Clean, repairand/or replacethe
Assemblies weirsection, weirplatesection,or adjust

height.

.... Vault Structure Crackswider than 1/2-inchand any evidenceof soil Vault replacedor repairedto
IncludesCracks in pa_cles enteringthe structurethroughthe cracks, designspecifications.
Wall, Bottom, or maintenance/inspectionpersonneldetermines
Damage to Frame that the vault is not structurallysound.
and/or Top Slab

Baffles Bafflescorroding,crackingwarping,and/or showing Repairorreplacebaffles to
signsoffailureas determined by maintenance/ specification.
inspectionperson.

Access Ladder Ladderis corrodedordeteriorated,notfunctioning Ladderreplacedor repairedand
Damaged properly,missingrungs,cracks,and misaligned, meetsspecifications,and is

safeto use asdetermined by
inspectionpersonnel.

Crackswiderthan 1/2-inchat the jointof any No cracksmore than 1/4-inch
inlet/outletpipeorany evidenceof soilparticles wide at the jointof the inlet/
entedngthevaultthroughthe walls, outletpipe.
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APPENDIX A MAINTENANCE STANDARDS FOR PRIVATELY MAINTAINED DRAINAGE FACILITIES

NO.13- WATERQUALITYFACILmES(CONTINUED)
G.) Infiltration Ponds
Maintenance Defect Condition When Maintenance is Needed Results Expected When
Component Maintenance is Performed

InfiltrationPond Vegetation Vegetation suchas grassand weeds needsto be Vegetation shouldbe mowedto
mowedwhen itstartsto impedeinfiltrationfunction. 2-inches inheight.Trees and
Mowingis generallyrequiredwhen heightexceeds bushesshouldbe removed
12 inches, where they impactthe infiltrating

area of the pond.

Sand FilterLayer Sand filterlayer has sedimentdepositsthat exceeds Removesedimentand top layer
1/2-inchor the infiltrationrate of the sand layer is of sand,and replace in kindper
less than2 in/hr. Specification.

Sediment Sediment accumulationsin pondbottomthat Removal ofsedimentfrom pond
Accumulationin exceeds 1/2-inchindepth orpercolationtestof the bottom.
PondBottom pond indicatesfacilityis onlyworkingat 90% of it's

designpercolationrate.

Trash and Debris Accumulationthat exceeds 1-CF per 1,000-SF of Trash and Debris removedfrom
pond area. pond.

Inlet/Outlet Pipe Inlet/outletpipe cloggedwith sedimentand/or No cloggingorblockageinthe
debrismatedai, inlet andoutlet piping.

Erosion Erosionof the pond's sideslope and/or scouringof Slopes shouldbe stabilizedby
the pond bottom,that exceeds2-inches, orwhere usingpropererosioncontrol
potentialfor continuederosion is prevalent, measuresand repairmethods.

Sedimentof Pond Any partof these componentsthat has settled4- Slopes shouldbe stabilizedby
Dike/Berm inchesor lowerthan the designelevation,or where usingpropererosioncontrol

potentialfor continuederosion is prevalent, measuresand repairmethods.

Rock Window Rock windowis cloggedwithsediment. Window isfree of sedimentand
debris.

OverflowSpillway Rock is missingandsoil is exposed Replace rocksto specifications.

InfiltrabonVault/ Sediment Tanks: Sedimentdepthexceeds 6-inchas in depth. No sedimentdeposits intank
Tank Accumulationin bottom.

Vault
Trash and Debds Trash anddebds accumulatedin tank, vaultor Trash and debdsremovedfrom
Accumulation connectingpipe. Includesfloatablesandnon- each facility.

floatables.

Access Cover Cover cannotbe openedor removed,especiallyby Cover repairedor replacedto
Damaged/Not one person, properworkingspecificationsor
Working replaced.

Tank orVault Tank: Joints betweentank sectionsfailing,suchthat Tank replacedor repairedto
StructureDamaged leakageoccursand. or matedal beingwashed designspecifications.

through into facility;ormaintenance/inspection
persondeterminesthe tank is not structurallysound.
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APPENDIX A MAINTENANCE ff_AND_d_D$ FOR PP,J'VATELY MAINTAINED DRAINAGE FACILITIES

NO.13- WATERQUALITYFACILITIES(CONTINUE_

G.) Infiltration Ponds (Continued)
Maintenance Defect Conditions When Maintenance is Needed Results Expected When
Component Maintenance is Performed

InfiltrationVault/ Tank or Vault SVuctural Vault:Crackswiderthan 1/2-inch andany Tank replacedor repairedto
Tank Damage evidenceof soil particlesenteringthe structure designspecifications.

throughthe cracks,ormaintenanceinspection
personneldeterminesthat the vault is not
structurallysound.

AccessLadder Damaged Ladderis corrodedordeteriorated,not Ladderreplacedorrepaired to
functioningproperly,missingrungs,has cracks specifications,and is safeto
and/or misaligned, use as determinedby inspection

personnel.

AR 032239
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NO.14 - OIL CONTROLFACILmES

A.)Oil/WaterSeparators -_.
Maintenance Defect Condition When Maintenance is Needed Results Expected When
Component Maintenance is Performed.

API Type OWS Monitoring Inspectionof dischargewater for obvioussigns Effluent dischargefrom vault
of poorwaterquality, shouldbe clear withoutthick

visiblesheen.
Sediment Accumulation Sedimentdepth inbottomof vault exceeds6- No sedimentdepositson vault

inchesin depth, bottomwhichwouldimpedeflow
throughthevault and separation
efficiency.

Trash and Debris Trash and debrisaccumulationinvault,orpipe Trash and debrisremovedfrom
Accumulation inlet/outlet, floatablesand non-floatables, vault, and inlet/ouflet piping.

Oil Accumulation Oil accumulationsthat exceed1-inch, at the Extractoil fromvault by
surfaceof the water vactodng. Disposalin

accordance with state and local
rulesand regulations.

Damaged Pipes inletoroutletpipingdamagedorbrokenend in Pipe repairedor replaced.
need of repair.

AccessCover Damaged/ Cover cannotbe opened,one personcannot Cover repairedto proper
Not Working open the cover,corrosion/deformationof cover, workingspeciticationsor

replaced.
Vault StructureDamage- Cracks wider then 1/2-inchand any evidenceof Vault replacedor repaired to
IncludesCracks in Walls soil particlesenteringthe structurethroughthe designspecifications.
Bottom,Damage to cracks,or maintenance/inspectionpersonnel
Frame and/or Top Slab determinesthat the vaultis notstructurally

sound.

Baffles Bafflescorroding,cracking,warpingend/or _epair or replace bafflesto
showingsignsof failureas determinedby specifications.
maintenance/inspectionperson.

Access Ladder Damaged Ladder is corrodedordeteriorated,not Ladder replacedor repairedand
functioningproperty,missingrungs,cracks,and meetsspecifications,and is
misaligned, safe to use as determined by

inspectionpersonnel.

Crackswiderthan 1/2-inchat the jointof any No cracksmore then 1/4-inch
inlet/outletpipeor any evidenceof soil particles wide at the jointof the inlet/
enteringthevaultthroughthewalls, outletpipe.

CPS-Type OWS Monitoring Inspectionof dischargewater for obvioussigns Effluentdischargefrom vault
of poorwaterquality, shouldbe clear with no thick

visiblesheen.

SedimentAccumulation Sedimentdepth inbottomofvault exceeds6- No sedimentdeposits on vault
inchesindepth and/or visiblesignsof sediment bottomand plate media, which
on plates, wouldimpedeflowthroughthe

vault and separationefficiency.

Trash and Debris Trash and debrisaccumulatedinvault,orpipe Trash and debds removed from
Accumulation inlet/outlet, floatablesand non-floatables, vault, and inlet/outlet piping.

Oil Accumulation Oil accumulationthat exceeds1-inchat the Extractoilfrom vault by
watersurface, vactoringmethods.Clean

coalescingplates bythoroughly
rinsingand flushing.Shouldbe
no visibleoildepth on water.
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NO. 14 - OIL CONTROL FACILmES (CONTINUED)

A.) Oil/WaterSeparators(Continued)
Maintenance Defect Condition When Maintenance is Needed Results Expected When
Component Maintenance is Performed

Damaged Coalescing Platemediabroken,deformed,crackedand/or Replace thatportionof media
Plates showingsignsoffailure, packorentire plate pack

dependingon sevedtyof failure.

Damaged Pipes Inletor outletpipingdamagedor brokenandin need Piperepaired and or replaced.
of repair.

Baffles Bafflescorroding,cracldng,warpingend/or showing Repairor replacebafflesto
signsof failureasdeterminedby maintenance/ specifications.
inspectionperson.

Vault Structure Crackswiderthan1/2-inchand any evidenceofsoil Vault replacedor repairedto
Damage- Includes particlesenteringthestructurethroughthe cracks, designspecifications.
Cracks in Walls, ormaintenanceinspectionpersonneldetermines
Bottom,Damage to thatthevault is notstructurallysound.
Frame and/or Top
Slab

AccessLadder Ladderis corrodedor deteriorated,notfunctioning Ladderreplacedor repairedand
Damaged properly,missingrungs,cracks, and misaiigned, meetsspecifications,and is

safeto use asdeterminedby
inspectionpersonnel.

Crackswider than 1/2-inchat the jointof any inlet/ No cracksmorethan 1/4-inch
outletpipe or any evidenceofsoil particlesentering wideat the jointof the inlet/
the vault throughthe walls, outletpipe.

-- B.) Catch Basin Inserts
Maintenance Defect Conditions When Maintenance is Needed Results Expected When
Component Maintenance is Performed

CatchBasin Sediment When sedimentformsa cap over the insertmedia of No sedimentcap on the insert
Accumulation the insertand/or unit. media and it's unit.

Trash and Debris Trash anddebrisaccumulateson insertunitcreating Trash and debrisremovedfrom
Accumulation a blockage/restriction, insertunit.Runofffreelyflows

into catch basin.

Inspection Inspectionof mediainsertis required. Effluentwater from mediainsert
is free of oilsand has no visible
sheen.

Media Insert-Water Catchbasininsert is saturatedwi_ water,whichno Removeand replacemedia
Saturated longerhas the capacityto absorb, insert

Media Insert-Oil Media oilsaturated dueto pe_'oleumspillthat drains Removeand replacemedia
Saturated intocatch basin, insert.

General Regularintervalreplacementdueto typicalaverage Removeand replacemediaat
lifeof mediainsertproduct, regularintervals,dependingon

insertproduct.
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APPENDIX B
MASTER DRAINAGE PLAN OBJECTIVE, CRITERIA
AND COMPONENTS, AND REVIEW PROCESS

Objective

The objective of the Master Drainage Plan (MDP) is to propose specific drainage control systems that will
prevent significant adverse impacts to the site's natural hydrologic system and to existing and planned off-
site drainage systems and resources. Although this is also the objective of the Surface Water Design
Manual (SWDM) generally, the County allows smaller-scale projects to rely more heavily on the
"cookbook" approach of the Core and Special Requirements specified in the Manual. Land use alterations
from larger scale projects have a higher potential to result in resource and flooding impacts if the
"cookbook" standards miss their mark. These larger project, then, are required to take a more detailed,
site-specific look at drainage resources and associated management issues.

Larger projects are seen to entail more risk to receiving waters (including groundwater) for two reasons:
(a) the relatively large area of the subbasin which is developed and (b) the shorter than typical time frame
in which that development occurs. If the same area were developed as smaller parcels, rather than as a
large site, development would normally be staggered over a longer period of time. This longer time frame
allows a certain "grace" period for problems to be identified and corrective actions incorporated into later
development proposals. Not only are formal drainage complaints called in to the County a source of
information, but the SEPA public review process accompanying permit review offers an avenue for
existing drainage problems to be made known. This longer time frame and input from the affected public

-- offers certain safeguards that any problems resulting from application of the more general drainage
planning approach specified in the SWDM are dealt with before additional development in the subbasin
proceeds.

Some of the impacts that MDPs would be expected to address include the following:

1. Increase in flow rates and/or volumes that would result in flooding along the natural and/or
constructed drainage system, or that would aggravate existing flooding problems, either on-site or
downstream.

2. Increase of flow rates and/or volumes, both on- and off-site that would de-stabilize the existing
geomorphic balance of the natural drainage systems. Examples would include an increase in the rate
or frequency of streambank erosion resulting in bank/slope failures along stream corridors, and
downstream sedimentation reducing channel capacity.

3. Alteration of natural topography and/or native vegetation that would result in unstable soil conditions,
slopes, or embankments.

4. Alteration of natural hydrologic features or provision of site improvements that would reduce the
functional ability of the subbasin to preserve water quality and quantity and/or in-stream and other
aquatic habitat values.

5. Alteration of ground water/interflow that would adversely change downstream base flows and/or
impair existing water rights.

Criteria

The proposed drainage plan, impact analysis and mitigation measures shall be supported by detailed
technical analyses and reports as part of the MDP. In addition to the engineering plans, the MDP shall
include appropriate geotechnical investigations, water quality and aquatic habitat analysis, and hydrologic
computer modeling (see Section 3.2 in Chapter 3). The report shall also include maintenance and
operation provisions for the existing natural drainage system and any on-site drainage facilities. Specific
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maintenance plans and agreements, identifying maintenance responsibilities, must be provided for any
facility privately maintained.

The hydrologic and hydraulic analysis of the site, basin, and downstream system shall be done using the
methods described in this Manual. Exceptions are for plans required to prepare hydrologic models using
rainfall and stream gage data. Any upstream contributing systems or sub-basins shall be analyzed for both
existing and future development conditions (as shown in the latest adopted Community Plan, the King
County Comprehensive Plan, or other land use maps). Any agreements, contracts or work scopes for the
MDP or monitoring plan are also considered a component of the MDP. Specific requirements and the
orderfor submittal of the various components aregiven in a detached document entitled: Master Drainage
Planning for Large Site Developments - Process and Requirements, May 1995

Components of Master Drainage Plans

The MDP consists of several components. These components are typically presented in a drainage plan
developed using an approved hydrological model, special reportsand studies to identify impacts,
mitigation measures to reduce impacts, a technical report containing engineering analyses such as the off-
site and flood plain analyses, and a post-development monitoring plan. The drainage plan shall provide a
comprehensive analysis of existing and proposed surface and subsurface water quantity and quality
conditions for both on- and off-site systems. Off-site systems may include upstream and downstream
hydrology. Upstream analysis shall include the total drainageareacontributing to the site. Downstream
analysis shall extend to an acceptablereceiving body of water.

Technical elements

At a minimum, specific technical elements of the MDP include the following:

a) A conceptual or preliminary plan of the proposed drainagecollection and flow control systems, based
upon accuratefield topographic mapping and geologic data, should be provided, along with
appropriatecross-sections and details necessary to identify drainage system elements.

b) All assumptions, parameters,and inputdataused in the hydrologic model. Input and output files from
hydrologic and/or hydraulic computer models shall be included as an appendix.

c) Hydraulic performancedata (stage, storage, discharge) for all elements of the hydrologic system,
whether existing or proposed, including lakes, ponds, and wetlands. This data shall be used to route
inflow hydrographsto produce outflow hydrographs.

d) How data for all existing andproposed conveyance facilities, including streams, swales, pipes, and
ditches which will support the proposed system.

e) Hoodplaln analysis identifying flows, velocities, and extent of flooding for the existing and proposed
conditions. Other backwater analysis required to determine existing and proposed conveyance
capacity within the MDP and downstream of the IVIDP.

f) Erosion analysis of on-site and downstream open-drainage systems, identifying flows, velocities, areas
of existing and future deposition and channel erosion, andcharacterization of sediment.

g) Geotechnical analysis of the site and proposed improvements which specifically addresses soils and
slope stability for proposed lakes/ponds, road alignments, channel]ravine conditions, building setbacks
from steep slopes, vegetative preservation and controls, existing and proposed drainage facilities, and
downstream system stability.

h) Ecological analysis to include the physical and biological features of the streams, lakes, wetlands and
swales. The features identified shallbe keyed to the map produced in Item (2)(b), below.

i) Method and conceptual design for maintaining existing flow regimes in any swales/ravines that may
be altered by the development.

j) Method, conceptual design, and location of water quality compensating facilities that may be
necessary to replace naturallyoccurring "biofiltration"functions of site vegetation, i.e. provision
•and/or preservation of vegetated swales. -,

k) Description of maintenance design features and provisions that will ensure reliable and long-term J
facility operation.
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1) Provide construction phasing plan that will ensure stormwater/erosion control during development of
individual subbasins.

m) Establish a stream flow/rainfall gauging and stream cross section monitoring plan that will document
any changes in the levels of flooding, erosion, and sedimentation, and identify responsible parties for
necessary mitigation.

Mapping requirements

Mapping for the MDP must be of adequate scale and detail for accurate definition and location of all
system elements, both on-site and off-site, and must provide support forhydrologic model
characterization. In general, the following are required:

a) Delineation of sub-basins of appropriate size/land use for computer model characterization and
hydraulic analysis of all tributary flows.

b) Location and size of all existing and proposed hydrologic features and facilities in the basins. This
includes lakes, ponds, wetlands, swales, streams, pipes, and culverts.

c) Overall plar#proflle and cross-sections of conveyance systems and identification of the floodplain and
floodway and frequency of flooding forexisting and developed conditions.

d) Identify areas of in-stream erosion, sedimentation and/or unstable slopes.

e) Identify site soils foruse in hydrologic modeling and preliminary analysis for controUing erosion
during construction.

f) Identify upstream and downstream habitat condition, i.e., spawning, rearing, and transport areas;
pools, riffles, and other in-stream habitat features; and species and populations observed. Locations
shall be keyed to the map produced in Item (2)Co),above.

g) Identify general required building setbacks, clearing limits and Native Growth Protection Easements
in areas of steep slopes and drainag,;features.

Review Process

Master Drainage Plans (MDPs) are submitted directly to the Department of Development and
Environmental Services Division (DDES) for review. They must, however, be a part of a permit
application that has been flied with DDES (see Section 1.1.1). The MDP process should commence
concurrently with the SEPA process.

King County has prepared MDP guidelines entitled: Master Drainage Planning for Large Site
Developments - Process and Requirements, May 1995, which provide technical guidance to implement the
requirements of Section i.3.3 and this Appendix B. The MDP Guidelines may be obtained by contacting
DDES.

Prior to commencing preparation of the MDP, the applicant and design engineer (including the team that
includes other design professionals such as geotechnical engineers and/or biologists, etc.) should request a
MDP pre-application meeting for general information followed by a scoping meeting with DDES in order
to coordinate the requirements for the hydrologic modeling and other special analysis which may be
required. At these meetings, the applicant should present an outline for the proposed MDP that includes a
description of the proposed project, a schedule for preparation of the MDP, and a description of any
known environmental or regulatory issues related to the proposal.

DDES will review the components of the MDP as submitted, in a timely manner. The fees for review of
the MDP will be determined from resources (consultant, staff, equipment) required and will be billed to
the applicant by King County. Review fees shall be paid by the applicant to King County prior to
receiving MDP plan approval.

Following approval in concept of all of the MDP components, the applicant will submit four complete
final MDP packages to DDES for approval. Three copies will be kept by DDES, and one copy will be
returned to the applicant for their records.

Questions regarding the MDP review process should be directed to DDES.
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1 Area Specific Drainage Review Thresholds

REFERENCE 2 Area Specific Drainage Requirements

A Clearing Restrictions

B Basin and Lake Management Plan
Requirements

C P-Suffix Conversions and Special District
Overlays

3 Critical Drainage Areas - Requirements

4 Design Manual Supporting Documents and
Other Drainage Related Ordinance and Rules

A Landscape Management Plan Guidelines

B Groundwater Sole Source Aquifer Map

5 Bibliography of Supporting Studies and
KING COUNTY, WASHINGTON Research

S_ACE WATER 6 Hydrologic/Hydraulic Design Methods

DESIGN MANUAL _ EPA Infiltration Rate TestB Pond Geometry Equations

7 Engineering Plan Support

A KingCountyStandardMap Symbols

- B Standard Plan Notes and Example
Construction Sequence

8 Plan Review Forms and Worksheets

A Technical InformationReport(TIR)
Note: Worksheet

Although some of the materials in this Reference B OffsiteAnalysisDrainageSystemTable
section may have been adopted by administrative C FlowControland Water QualityFacility
rule or by ordinance, the administrative rule that SummarySheet and Sketch
adopted the Surface WaterDesign Manual has not
formally adopted any of the materials in this section. D BondQuantitiesWorksheet
All of the papers, forms, notes, equations, symbols, E Maintenanceand DefectAgreement
maps and other materiais herein are for reference F Declarationof Covenant

only. G DrainageReleaseCovenant
King County assumes no responsibility for the H DrainageEasements
completeness or current status of the materials
contained in this section. It is the sole responsibility I Example ForestedOpen Space Covenant
of each applicant to insure that the most current J AdjustmentApplicationForm and Process
materials are used in preparing a permit application Guidelines
for their proposed project. Copies of these K Dedicationand IndemnificationClause -
matenals are available from DNR or DDES. FinalRecording

9 Interim Changes to Requirements
A BlanketAdjustments
B AdministrativeChanges
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REFERENCE 1

AREA SPECIFIC DRAINAGE REVIEW THRESHOLDS
The followingare area specificdrainagereviewthresholdsfrom Section 1.1.1. Areas subject to DrainageReview
Threshold #4 are mapped on the LandslideHazardDrainageArea map includedwith the Design Manual. Drainage
Review Threshold #5 is appliedto areasdesignatedasCriticalDrainageAxeas as listedbelow and detailed in
Reference Section 3. Drainage ReviewThreshold#6 is applied to the rural zonedportions of the respective
basin/communityplan area. Zoningmaps are availableat DDES.

DRAINAGE REVIEW THRESHOLD #4

Drainage review is required for projects adding more than 2,000 square feet of new impervious surface
and draining to an SAO defined landslide hazard area, as shown on the Landslide Drainage Area map
with this manual.

DRAINAGE REVIEW THRESHOLD #5

Critical Drainage Areas

No additional thresholds.

DRAINAGE REVIEW THRESHOLD #6

KCC 16.82.150(C) Areal Clearing Limits in Rural Areas

Drainage review is required if clearing more than 35% of the site or 7,000 square feet, whichever is
greater. Flow control is required for projects clearing more than 35% of the site, per the conditions of
KCC 16.82.150(c) in the rural-zoned areas of the following basin and community plans:

• Bear Creek Basin

• Bear Creek Community Planning Area
• East Sammamish Community Planning Area
• Issaquah Creek Basin

Notes:

1. The complete text of KCC 16.82.150 is included in Reference Section 2-A.

2. The effective date of current KCC 16.82.150 is August 18, 1997. However, areal clearing limits
have been in effect in these areas per the respective Basin and/or Community Plan requirements.

- AR 032251
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AREA SPECIFIC DRAINAGE

REQUIREMENTS

2A Clearing Restrictions

2B Basin and Lake Management Plan Requirements

2C P-Suffix Conversions and Special District Overlays

AR 032252

1998SurfaceWaterDesignManual 9/1/98



KING COUNTY, WA._HINGTON, SURFACE WATER DESIGN MANUAL
i

REFERENCE 2-A
AREA SPECIFIC CLEARING RESTRICTIONS

Maximum Clearing Limits for areas subject to KCC 16.82.150(c)

Areal Clearing Limits in Rural Areas

AREA DESCRIFrION MAXIMUM ALLOWABLE CLEARING

General w/Flow Control s
• Bear Creek Basin 35% 60%

• Bear Creek Community Planning Area 35% 60%

• East Sammamish Community Planning Area 35% 60%
• Issaquah Creek Basin 35% 60%
• May Creek Basin 35% 60%
• Soos Creek Basin RSRA streams * 65% 65%
• Soos Creek Basin non-RSRA streams* 80% 80%

Maximum clearing allowed with flow control facility per Core Requirement #3.
Single Family residential building permits on individual lots are exempt in Soos Creek.

Area Specific Seasonal Clearing Restrictions KCC 16.82.150(D)

• Bear Creek Community Planning Area
• Northshore Community Planning Area
• East Sammamish Community Planning Area
• Soos Creek Basin

• Hylebos Creek Basin

Area Specific P-Suffix Clearing and Grading Restrictions

AREADESCRIPTION P-SUFF_ #

• Soos Creek Community Planning Area SC P3
• Soos Creek Basin in Tahoma/Raven Heights TR-P44

Community, Plannin$ Area

Notes:

1. The complete text of KCC 16.82.150, SC-P3, and TR-P44 is included in this section.
2. The effective date of these updates is August 18, 1997. However, areal clearing restrictions

have been in effect in these areas per the respective Basin and/or Community Plan
requirements.

AR 032253
1998 SurfaceWaterDesign Manual 911/98

1



KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

KCC-16.82.150 (Effective September 1, 1998)

Ordinance 9614, Section103, asamended,and K.C.C. 16.82.150areherebyamendedasfollows:

Clearing standards.

A. For clearing and grading permits issued under this chapter, the current clearing standards contained

in this section and in the following regulations shall apply:

1. The Sensitive Areas Code, K.C.C. chapter 21A.24, and its adopted administrative rules;

2. Property-specific development standards pursuant to K.C.C. chapter 21A.38;

3. Critical drainage area designations identified by adopted administrative rule; and

4. Wildlife habitat corridors pursuant to K.C.C. chapter 21A. 14.

B. Within sensitive areas designated pursuant m K.C.C. chapter 21A.24, uses shall be limited to those

specified in that chapter. Within any other areas subject to clearing restrictions referenced or

contained in this section, the following uses are allowed under a clearing pe .rmit:

1. Timber harvest in accordance with a timber harvest management plan and clearing permit

approved by the department of development and environmental services or a successor agency.

That department shall promulgate administrative rules specifying the contents of, and the submittal

requirements and approval criteria for, timber harvest management plans in consultation with the

department of natural resources prior to any permit approvals for timber harvest within these tracts

or easements;

2. Passive recreation uses and related facilities, including pedestrian and bicycle trails, nature

viewing areas, fishing and camping areas, and other similar uses that do not require permanent

structures, provided that cleared areas and/or areas of compacted soils associated with these uses

and facilities do not exceed eight percent of the area of the tract or easement. Within wildlife

habitat corridors, trail widths shall be the minimum allowed under adopted trail standards and no

other recreation uses shall be permitted in the one hundred fifty foot minimum width of the

corridor;

3. Utilities and utility easements, including surface water facilities, provided that such uses are

within or adjacent to existing road or utility easements whenever possible. Within wildlife habitat

corridors, existing or multiple utility uses within established easements shall be allowed within the

one hundred fifty foot minimum width of the corridor. Development of new utility corridors shall -
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be allowed within wildlife habitat corridors only when multiple uses of existing easements are not

feasible and the utility corridors are sited and developed using county-approved best management

practices to minimize disturbance; and

4. Removal of dangerous and or damaged trees.

C. For the RA (Rural Area) zoned areas in either the Bear Creek Basin, Issaquah Creek basin, the

Soos Creek basin, the May Creek basin, the East Sammamish Community Planning Area or the

Bear Creek Community Planning Area:

1. Clearing shall be limited to a maximum of thirty-five percent of the lot or plat area or

the amount legally cleared prior to the effective date of any clearing regulations in effect at the

time of the clearing, whichever is greater, except under conditions specified below:

a. Clearing shall be limited to a maximum of sixty percent of the lot or plat area if the

approved permit requires flow control and water quality facilities in accordance with

standards set forth in the applicable adopted basin plan and the King County Surface Water

Design Manual;

b. In the Soos Creek basin, clearing shall be limited to a maximum of eighty percent of

the lot or plat area, except in designated Regionally Significant Resource Areas where

clearing shall be limited to a maximum of sixty-five percent of the lot or plat area. Buffers

for all sensitive areas designated under K.C.C. Title 21A and sensitive areas except for

submerged lands may be counted towards meeting the requirement. Building permits for

single-family residential building on individual lots shall be exempt from the clearing limit

in the Soos Creek basin;

c. Clearing required for the construction of access, utilities and septic systems to serve

any lots 1.25 acres or smaller in size shall not be counted towards the thirty-five percent

maximum clearing standard;

d. On individual lots smaller than twenty thousand square feet, up to seven thousand

square feet may be cleared; and

e. Clearing standards for Urban Planned Developments and Mineral zoned properties will

be determined through their own designated review processes.

2. For subdivisions and short subdivisions, portions of the plat that are required to remain

uncleared shall be retained in one or more open space tracts, with all developable lots sited on

• the portions of the plat approved to be cleared. Sensitive areas designated under K.C.C. Title
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2IA shallberecordedseparatelyfromtractsmandatedbythisregulation,butmay becounted

towardsmeetingtheserequirements.Tractsmandatedbythisregulationmay bcretainedby ....

thesubdivider,conveyedtoresidentsofthesubdivision,orconveyedtoa thirdparty.Open

spacetractsshallbeshown onallpropertymaps andshallbeprotectedbycovenants,approved

bythecounty,thatrestricttheirusestothoselistedinK.C.C.16.82.150B.Allopenspace

tractsestablishedpursuanttothisregulationshallbeclearlymarkedwithatleastonesignper

buildablelotadjoiningthetractindicatingthatthetractispermanent,dedicatedopenspace.

3. Forindividuallots,theclearinglimitsshallbeappliedatthetimeofbuildingpermit

applicationunlessthelotiswithinasubdivisionthathasbeenapprovedwithotherconditions

tomeetthestandardestablishedinparagraphC2. Incaseswhereconditionsarcappliedtothe

subdivision,individuallotsshallbeexemptfromtheclearingrestrictionsinparagraphC I.

The usesandrestrictionsontheunclearedportionsofindividuallotsshallbethosespecifiedin

K.C.C.16.82.150B.SensitiveareasdesignatedunderK.C.C.Title21A may becounted

towardsmeetingrequirementsonindividuallots.

4. The subdivisionorpermittingofbuildingonparcelsthatareclearedinviolationofthe

regulations in e_fect at the time of the clearing shall be subject to conditions requiring the

restoration of trees and understory vegetation on at least sixty-five percent of the plat or lot, -

or, where applicable, on the percentage of the site that was to remain uncleared under

paragraph C1. A restoration plan shall be required of permit applicants, and shall be subject to

the approval of the department of development and environmental services. That department

shall prepare administrative rules regarding the review and approval of restoration plans in

consultation with the department of natural resources before approving subdivision or building

permits for parcels cleared in violation of applicable clearing regulations. The administrative

rules shall also specify when a restoration plan will be deemed sufficient to forego the six year

moratorium on permitting authorized in K.C.C. 16.82.140.

5. In the Bear Creek basin and the Bear Creek Community Planning Area, the

requirements of paragraphs C1 through C4 shall be modified or waived by the director for

proposed projects that meet the following conditions:

a. The project shall consist of one or more of the following uses:

1. Government services listed in K.C.C. 21A.08.060, AR 032256
2. Educational serviceslisted in K.C.C. 21A.08.050,

3. Parks as listedin K.C.C. 21A.08.040 when locatedadjacentto an existingor

911198 1998 SurfaceWater Design Manual
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proposed school,

4. Libraries listed in K.C.C. 21A.08.040, and

5. Road projects;

b. The project site shall not be located in a designated regionally significant resource area

except for utility corridors that can demonstrate no feasible alternative;

c. The project shall clear the minimum necessary to accommodate the proposed use which

includes all the allowed ballfields, playfields, other facilities, and spaces proposed by the

public agency to carry out its public function; and

d. The project shall meet the on-site flow control and water quality standards set forth in

the applicable adopted basin plan and the Surface Water Design Manual.

The modification or waiver shall not exempt the project from any other code provisions which

may apply. The director's decision may be appealed to the zoning and subdivision examiner

pursuant to K.C.C. chapter 20.24, provided that any such appeal must be consolidated with an

appeal, if any, heard by the examiner on the merits of the proposed project.

6. In the Issaquah Creek basin, the Soos Creek basin and the East Sammamish Community

Planning Area, the following standards shall apply:

a. In the regionally significant resource areas, except for utility corridors that can

demonstrate no feasible alternative, the requirements of paragraphs C 1 through C4 shall

apply; and

b. In areas outside of the regionally significant resource areas, projects that consist of one

or more of the uses identified in C5(a)(1) to (4) shall be exempt from the requirements of

paragraphs C1 through C4.

B. Construction projects can be a significant contributor of pollution to streams and wetlands.

Therefore, from October 1 through March 31, in the Bear Creek Community Planning Area, the

Northshore Community Planning Area, the East Sammamish Community Planning Area and the

Soos Creek and Hylebos Creek basins:

1. Clearing and grading shall only be permitted if shown to the satisfaction of the director

that silt-laden runoff exceeding standards in the King County Surface Water Design Manual

will be prevented from leaving the construction site through a combination of the following:

a. site conditions including vegetative coverage, slope, soil type and proximity to

receiving waters;
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b. limitations on activities and the extent of disturbed areas; and

c. proposed erosion and sedimentation control measures.

2. The director shall set forth in writing the basis for approval or denial of clearing or

grading during this period.

3. Clearing and grading will be allowed only if there is installation and maintenance of an

erosion and sedimentation control plan approved by the department which shall define any

limits on clearing and grading or specific erosion and sediment control measures required

during this period. Alternate best management practices may be approved or required on-site

by the inspector.

4. If, during the course of construction, silt-laden runoff exceeding standards in the King

County Surface Water Design Manual leaves the construction site or if clearing and grading

limits or erosion and sediment control measures shown in the approved plan are not main-

tained, a notice of violation shall be issued.

5. If the erosion and sediment control problem defined in the violation is not adequately

repaired within twenty-four hours of the notice of violation, then a notice and order may be

issued by the inspector to install adequate erosion and sediment control measures to stop silt-

laden runoff from leaving the site. The notice and order may also require the contractor to

discontinue any further clearing or grading, except for erosion and sediment control

maintenance and repair, until the following March 31.

6. The following activities are exempt from the seasonal clearing and grading

requirements of this subsection:

a. Routine maintenance and necessary repair of erosion and sediment control facilities;

b. Routine maintenance of public facilities or existing utility structures as provided by

K.C.C. 21A.24.050B;

c. Activities where there is one hundred percent infiltration of surface water runoff within

the site in approved and installed erosion and sedimentation control facilities;

d. Typical landscaping activities of existing single family residences that do not require a

permit;

e. Class I, II Ill and IV Special forest practices;

f. Mineral extraction activities on sites with approved permits; and

g. Public agency response to emergencies that threaten the public health, safety and

welfare.

9/1/98 1998 Surface WaterDesign Manual
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Sees Creek, SC-P3 (Effective. August 18, 1997)

Clearing and Grading

As a general rule, the vegetation on a development site should be retained as long as possible to
reduce impacts. Even after construction has begun, permanent retention of as much of the native
vegetation as possible is important and contributes to mitigating the adverse impacts. Native
vegetation is adapted to the conditions of the Northwest including summer drought, winter
temperatures, insect pests, and diseases. Native vegetation-provides food, shelter, and breeding
sites to which local wildlife has adapted.

Temporary erosion control and drainage facilities are required to be in place prior to any clearing
on a plat. Once the roads and utilities have been constructed and the plat has received final
approval, the construction of individual homesites begins. The cumulative sedimentation from the
construction of a number of single family homes without erosion control can be significant.
Generally, individual single family residential homes fall below the threshold for drainage and
erosion control plans pursuant to the Surface Water Design Manual. As a result, erosion and
sedimentation control are needed for individual development.

In addition, tighter controls should be placed on the clearing that occurs during the platting
process. Under present conditions, sites are often completely cleared very early in the development
process, sometimes long before there are any building permits issued for a site. During the time
between clearing and site development, substantial erosion and sedimentation can occur. Until
there is a need to remove the existing vegetation for construction, the forest should remain in order
to protect surface and ground water quality, and to provide wildlife habitat. When construction
does occur, the surface water management facilities should be installed first, in order to control the
increased surface water flows that will occur when the site is cleared.

Commercial property should not be cleared until after approval of an individual site plan. This
delay will allow for integrating the existing vegetation and trees on site into the overall landscape
design.

Policy NR-7 states:

NR-7_Clearing and grading should be limited to all short plats, plats, and commercial projects to
protect water quality, limit surface water runoff and erosion and maintain wildlife habitat and
visual buffers.

The following areawide P-suffix conditions implement policy NR-7. These conditions shall apply
throughout the Soos Creek planning area. The conditions shall expire automatically upon the
effective date of an adopted Countywide clearing ordinance.

1. Subdivisions, Short Subdivisions and PUDs. The following conditions apply only to
applications for subdivisions, short subdivisions and PUDs. Deviations from these standards
may be allowed based on a special study prepared by a qualified forester with expertise in
windthrow or tree disease.

AR 032259
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a. Lot clearing during road and utility construction. The building envelope on each buildable
lot shall be identified on the engineering plans. The following table specifies the maximum
size of the building envelope based on actual average lot size:

• Lot Size (in sq. ft.) Building Envelope
• Greater than 15,000 - 5,000 sq. ft.
• 9,001-15,000 - 35% of lot size
• 5,000-9,000 - 45% of lot size
• Less than 5,000 - 55% of lot size

Except as provided in subsection 1.b., the clearing of building envelopes shall occur at the
same time as the clearing for roads and utilities. The clearing limits for each building
envelope shall be clearly marked or flagged on each lot and inspected prior to any clearing.
Erosion and sedimentation controls shall be instituted on the building envelopes as
required by the Surface Water Design Manual. The vegetation remaining after initial
clearing of the building envelope may be preserved or cleared as deemed appropriate by the
permittee of the residential building permit for that lot after its approval and issuance.

b. Lot-by-lot clearing. In subdivisions, short subdivisions and PUDs served by on-site septic
systems, clearing on individual lots shall be postponed until the approval and issuance of
the individual residential building permit for each lot. No clearing on the individual
building lots shall occur during the construction of roads and utilities except that necessary
to accommodate cuts and fills due to topography and road design. Erosion and
sedimentation control plans shall be designed through buildout including sediment pond
sizing. All building permits shall have erosion control measures consistent with the Surface
Water Design Manual standards.

In subdivisions, short subdivisions and PUDs served by sewers, the applicant may opt to
postpone clearing on individual building lots until the approval and issuance of the
individual residential building permits for each lot. Under this option, no clearing on
individual building lots shall occur during the construction of roads and utilities except that
necessary to accommodate cuts and fills due to topography and road design. Erosion and
sedimentation control plans shall be designed through buildout including sediment pond
sizing. All building permits shall have erosion control measures consistent with the Surface
Water Design Manual standards.

Ordinance 12824

Effective Date August 18, 1997

AR 032260 ....
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Tahoma-Raven Heights, TR-P44 (Effective. August 18, 1997)

Clearing and Grading
As a general rule, the vegetation on a development site should be retained as long as possible to
reduce impacts. Even after construction has begun, permanent retention of as much of the native
vegetation as possible is important and contributes to mitigating the adverse impacts. Native
vegetation provides food, shelter, and breeding sites to which local wildlife has adapted.

Temporary erosion control and drainage facilities are required to be in place prior to any clearing
on a plat. Once the roads and utilities have been constructed and the plat has received final
approval, the construction of individual homesites begins. The cumulative sedimentation from the
construction of a number of single family homes without erosion control can be significant.
Generally, individual single family residential homes fall below the threshold for drainage and
erosion control plans pursuant to the Surface Water Design Manual. As a result, erosion and
sedimentation control are needed for individual development.

In addition, tighter controls should be placed on the clearing that occurs during the platting
process. Under present conditions, sites are often completely cleared very early in the development
process, sometimes long before there are any building permits issued for a site. During the time
between clearing and site development, substantial erosion and sedimentation can occur. Until
there is a need to remove the existing vegetation for construction, the forest should-remain in order
to protect surface and ground water quality, and to provide wildlife habitat. When construction
does occur, the surface water management facilities should be installed first, in order to control the
increased surface water flows that will occur when the site is cleared.

Commercial property should not be cleared until after approval of an individual site plan. This
delay will allow for integrating the existing vegetation and trees on site into the overall landscape
design.

The following P-suffix conditions implement policy BW-3 of the Soos Creek Basin Plan:

BW.3-Clearing: Rural Densities. For new subdivisions with densities less than one unit/acre,
undisturbed indigenous vegetation should be retained on the area set aside as required wetland and
stream buffers, whichever is greater. In addition, the following conditions and exemptions apply:

a. Whenever possible, the undisturbed area should retain vegetation in large
contiguous area rather than isolated patches, strips, or individual trees. Trees are the
preferred vegetation to be included in the tract, shrubs are second preference, and
grasslands are least preferable.

b. Criteria should be developed to allow exemptions for trees that pose a hazard to
structures.

c. Forest practices within forest zones and crop production within agricultural zones
would be exempt.

d. The undisturbed area should be fenced or clearly marked with permanent signs.

e. Vegetated portions of wetlands should not be included in the tract.

1998 SurfaceWater Design Manual AR 03226 1 9/1/98
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These conditions shall apply in the portions of the Soos Creek Basin covered by the
Tahoma/Raven Heights Communities Plan. The conditions shall expire automatically upon the
effective date of an adopted countywide clearing ordinance.

Subdivisions, Short Subdivisions and PUDs: The following conditions apply only to
applications for subdivisions, short subdivisions and PUDs. Deviations from these standards may
be allowed based on a special study prepared by a qualified forester with expertise in windthrow or
tree disease.

2. Lot clearing during road and utility construction: The building envelope on each
buildable lot shall be identified on the engineering plans. The following table specifies the
maximum size of the building envelope based on actual average lot size: (Building
envelope being the total dimensions of the structure including width, depth and height).

a. Lot Size (in sq. ft.) m Building Envelope
b. Greater than 15000 -- 5000 sq. ft.
c. 9001-15000 m 35% of lot size
d. 5000-9000 _ 45% of lot size
e. Less than 5000 -- 55% of lot size

Except as provided in subsection 1.b., the cleating of building envelopes shall occur at the
same time as the clearing for roads and utilities. The clearing limits for each building
envelope shall be clearly marked or flagged on each lot and inspected prior to any clearing.
Erosion and sedimentation controls shall be instituted on the building envelopes as
required by the Surface Water Design Manual. The vegetation remaining after initial
clearing of the building envelope may be preserved or cleared as deemed appropriate by the
permitted of the residential building permit for that lot after its approval and issuance.

3. Lot-by-lot clearing: In subdivisions, short subdivisions and PUDs served by on-site
septic systems, clearing on individual lots shall be postponed until the approval and
issuance of the individual residential building permit for each lot. No clearing on the
individual building lots shall occur during the construction of roads and utilities except that
necessary to accommodate cuts and fills due to topography and road design. Erosion and
sedimentation control plans shall be designed through buildout including sediment pond
sizing. All building permits shall have erosion control measures consistent with the Surface
Water Design Manual standards.

In subdivisions, short subdivisions and PUDs served by sewers, the applicant may opt to
postpone clearing on individual building lots until the approval and issuance of the individual
residential building permits for each lot. Under this option, no clearing on individual building
lots shall occur during the construction of roads and utilities except that necessary to
accommodate cuts and fills due to topography and road design. Erosion and sedimentation
control plans shall be designed through buildout including sediment pond sizing. All building
permits shall have erosion control measures consistent with the Surface Water Design Manual
standards.

Ordinance 12824 Effective Date August 18, 1997

9/1/98 1998 Surface Water D_ign Manual
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REFERENCE 2B
ADOPTED BASIN AND LAKE MANAGEMENT PLANS

AREA SPECIFIC CONVERSIONS

Drainage. Requirements
New methods have been adopted by King County as the runoff control requirements for development since the
adoptionofthefollowingbasinplans.ThesemethodsaredetailedintheSurfaceWaterDesignManual.The table

belowidentifiesthenew standardsthatprovidetheequivalentlevelofprotectionastherecommendationsinthe

BasinPlan(exceptwhen notedintheamendedstandard).Thesenew standardsaretobeusedinplaceofthe
originalrecommendations.SeetheoriginalBasinPlanlanguagefordetailsonthestandardandtheconditionsfor

whenitisapplied;butapplytheamendedstandardusingthenormalapplicationmethodsdetailedintheDesign

Manualincludingsafetyfactorsandthresholdsunlessspecificallydirectedotherwiseinthistable.

Adopted Revisions to Apply in Place of Basin Plan Recommendations
•Basin Plan _ PreviouslyAdopted:

Recommendation Basin PlanStandard : Amended Standard a
BEAR:CREEK BASIN P_

BW-2: Onsite Detention Match pre-developed 2- and 10-year Level 1 Flow Control (KCRTS) ¢ d_ Match
Standards - General peak flows (SBUH 24-hr)b pre-developed 2- and 10-year peak flow rates
Basinwide Standard

BW-2: Onsite Detention Release the 2-year peak flow at 50% Not applicable.

Standards - Steep of the forested 2-year peak flow; the
Slope Standard 10-year at the forested 2-year; and the

1GO-yearat the forested 10 year
(SBUH 24-hr)
NOTE: Ordinance adopting the basin

plan deleted this standard
BW-2: Onsite Detention Release the 2-year peak flow at 50% Level 2 Flow Control (KCRTS) - Match pre-

Standards - Stream of the pre-developed 2-year peak flow; developed flow durations between 50% of
Protection Standard the 10-year at the pre-developed 2- the 2-year through the 50-year flows

year; and the 100-year at the pre-
developed 10 year (SBLrH 24-hr)
NOTE: Ordinance adopting the basin
plan revised standard as foUows:
Match pre-developed flow durations
between 50% of the 2-year through
the 50-year flows (continuous flow
model or, when cannot, use SBUH
24-hr method stated above)

BW-2: Onsite Detention Match pro-developed flow durations Level 2 Flow Control (KCRTS)
Standards-Master between50% ofthe2-yearthroughthe

PlanDevelopment 50-yearflows(continuousflowmodel)
Standard

AR 032263
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ii

Adopted Revisions to-Applyin Place of Basin Plan Recommendations ._
Basin Plan :PreviouslyAdopted

Recommendation Basin:Plan Standard AmendedStandarda
BEAR CREEK BASIN PLAN (cont.)

BW-3: Clearing Limits All development is limited on All development in the ruralzone can only
allowable clearing to between 10% clear up to 35% of the project area.
and 25% of the project area Note: small lots may exceed this limit for
NOTE: Ordinance 12015 infrastructurenecessary to service lot
implementing basin plan revised (including septic drainfields)
standard as follows:
1) Applies only in rural zoned areas;
2) Area cleared is limited to 35%.

BW-3: Clearing Limits - Waive limits ffrelease all flows up to In areas with clearing limits, projects
Waiver the lO-year peak at 70% of the pre- applying the Level 2 Flow Control (KCRTS)

developed 2-year peak flow (SBUH can clear up to 60%.
24-hr). Note: in Upper Bear Creek, Note: small lots may exceed this limit for
waiver only allows clearing up to 65% infrastructure necessary to service lot
NOTE: Ordinance adopting the basin (including septic drainfields) without
plan revised standard as follows: detention required
1) Waiver applies only to urban zoned
lands (except MPD area);
2) Rural small lots can exceed limits

for septic drainfields without detention
required

Ordinance 12015 implementing basin
plan further revised standard to allow
waiver only up to 60% everywhere

clearin_ limit is applied
BW-5: Hillside Drainage Site reviews are to minimize drainage - Meet K.C.C. 21A.24.310.E if applicable;

Restrictions impacts on potentially erodable soils OR
NOTE: Ordinance adopting the basin - Meet conveyance requirements for
plan revised standard as follows: tightlines in CR #4; OR
Drainage plans are to minimize - Meet ouffall and conveyance requirements
impacts on potentially erodable soils (CR #4) and conduct downstream analysis
through use oftightlines or (CR #2) for adequate channel capacity and
comparable techniques protection (see Design Manual Section 4.3.7)

which may require Level 2 Flow Control

(KCRTS) or tif,hflinin[.
CW-5: Infiltration - High Industrial, Commercial and Meet the following conditions:

Densities Multifamily 1)cannot infiltrate runoff, - Source Controls: Special Requirement #4
2) must line stormwater facilities, and - Implement specific required BMPs for
3) requires biofiltration or activities covered in the Stormwater Pollution
pretreatment prior to discharge NOTE: Control Manual
Ordinance adopting the basin plan - Offsite analysis to include location of and
revised standard as follows: risk to wells
1)requires commercial land best - Groundwater protection requirements for
management practices, 2) must infiltration and lining in Design Manual
identify location of and risk to water - Water Quality Controls: Core Requirement
supply wells in offsite analysis, and 3) #8
cannot infiltrate pipeline discharges

and outdoor toxics storage areas

CW-5: Infiltration - Low Residential must infiltrate where - Infiltration required for roof drainage in
Densities feasible and comply with Special appropriate soils

Requirement #5 - Groundwater protection requirements for . _
infiltration facilities

9/1/98 1998 Surface Water Design Manual
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• Adopted Revisions to Apply in Place of BasinPlan Recommendations

Basin Plan Previously Adopted
Recommendation Basin Plan Standard Amended Standard a

EAST LAKE SAMMAMISH BASIN PLAN

BW-I: Basinwide Match pre-developed 2- and 10-year Level 1 Flow Control (KCRTS) - Match pre-
Onsite Detention peak flows (modified SBUI-I 7-day) = developed 2- and 10-year peak flow rates
Standard

BW-2: Stream Match pre-developed flow durations Level 2 Flow Control (KCRTS) - Match pre-
Protection Onsite between 50% of the 2-year event developed flow durations between 50% of
Detention Standard through 50-year event, and match the the 2-year through the 50-year flows.

100-year peak flow by either using:
1) Use continuous model such as
HSPF_; or

2) Release the 2-year peak flow at
50% of the pre.developed 2-year flow;
the 10-year at the pre-developed 2-
year, and the 100-year at the

predeveloped 10-year (SBUH 24-hr)
BW-3.A.4: Ravine Retain all runoff ousite to maximum Infiltration of runoff required in granular

Protection Standard extent feasible soils per Design Manual Section 5.4.
Downspout infiltration required in granular
soils and in allowable soil conditions when

feasible to fit trench lengths onsite. If

infiltration not feasible, downspout
dispersion trenches required when minimum
flow paths can be met onsite or into adjacent
open space.

BW-3.A.5: Ravine Surface runoff that leaves the site shall Meet conveyance requirements for tightlines
Protection Standard - be conveyed down western slope of in Core Requirements (CR) #4.
Pipeline Areas basin via continuous pipeline.

BW-3.A.6: Ravine Meet goals of Lake Sammamish Water Sensitive Lake Treatment Standard (CR #8).
Protection Standard - Quality plan - water quality
Water Quality requirements met by infiltration or

other methods of on-site retention, if
feasible

BW-3.A.7: Ravine Discharge must be non-erosive (direct Meet outfall and conveyance requirements
Protection Standard - to lake or stable from discharge to (CR #4) and conduct downstream analysis
Pipeline Discharges lake) (CR 02) for adequate channel capacity and

protection.
BW-3.A.9: Ravine Meet BW-2 when not required to build Meet Level 2 Flow Control (KCRTS) when

Protection Standard - or connect to a pipeline and cannot not required to build or connect to a pipeline
Alternative Standard achieve 100% infiltration, and cannot achieve 100% infiltration.

BW-3.B.3: Relationship Variance not needed for pipeline Variance required to review proposal but
to Other Drainage discharges that are not at the natural applicant to request and receive fee waiver

Codes - Variances location (CR #1). per Design Manual Section 1.4.3.
BW-5: Wetland Meet BW-2 Stream Protection Meet Level 2 Flow Control (KCRTS) if in

Management Area Standard if in wetland subbasin wetland subbasin.
Protection - Detention

Standards (refer to T-
2, PL-2, MH-5 & 1.2-3)

AR 032265

1998 Surface WaterDesign Manual 9/I/98

3



KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

AdoptedRevisions to Apply in Place of Basin Plan Recommendations
BasinPlan Previously Adopted -

Recommendation Basin Plan Standard Amended Standard a --

EASTLAKE SAMMAMISH BASIN PLAN (cont.)
BW-5: Wetland Infiltrate all runoff up to and including Infiltration of runoff required in granular

Management Area the 25-year event soils per Design Manual up to and including
Protection - Infiltration the post-developed 25-year peak flow rate
(refer to I-2) (KCRTS). Downspout infiltration required

in granular soils and in allowable soil

conditions when feasible to fit trench lengths
onsite. If infiltration not feasible, downspout
dispersion trenches required if minimum flow
paths can be met onsite or into adjacent open
space.

BW-9: Water-Quality Use the most effective combination of Sensitive Lake Treatment Standard (CR #8).
Design Standards soil infiltration, wet R/D ponds,

constructed wetland treatment,
biofilters, alum treatment of

stormwater ponds, and dry ponds with
biofilters until new requirements are
developed for the basin.

BW-26: Seasonal Waive October 1 to March 31 limits Waive limits if Department of Development
Clearing and Grading outside of Wetland Management and Environmental Services (DDES)
Limits - Waiver Areas and the Pine and Beaver Lake determines that implementation of ESC

watersheds if: requirements (CR #5) will not result in

1) no significant silt-laden runoff significant silt-laden runoff leaving the
leaves the construction site; and construction site and are properly installed
2) approved erosion and sediment and maintained throughout the limit period.
control plan, installed and maintained

PH-2; MI-I-2: Baseflow Evaluate suitability of soils for - Infiltration of runoff required in granular
Maintenance infiltration. Runoff from new soils per Design Manual Section 4.5.

impervious surfaces retained onsite to Downspout infiltration required in granular
maximum extent feasible. Limit soils and in allowable soil conditions when

impervious surface to 35% coverage feasible to fit trench lengths onsite. If
on all non-infiltrative soils. For infiltration not feasible, downspout
subdivisions and short subdivisions dispersion trenches required if flow paths can
with non-infiltrative soils; 25% of be met onsite or into adjacent open space.
development shall remain undisturbed - For non-infiltrative areas of development,

and set aside as NPGE. impervious surface limited to 35% coverage.
- For subdivisions and short subdivisions

with non-infiltrative soils; 25% of
development shall remain undisturbed and set

aside per K.C.C. 21A.24.130.
PH-3; MH-3: Reduced Direct discharge into Lake - Meet CR #8 requirements.

Onsite Detention Sammamish without detention allowed - Direct discharge allowed when criteria for
after appropriate water quality direct discharge exemption in CR #3 is met.
treatment

LJ-4: Protection of Floodplain analysis required if Floodplain/Floodway Delineation (Special
Laughing Jacobs Lake development within 10 vertical feet of Requirement #2) required if development
Floodplain ordinary high water mark. within 10 vertical feet of ordinary high water

mark.

AR 032266
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Adopted Revisions to Apply in Place of Basin Plan Recommendations

Basin Plan PreviouslyAdopted

Recommendation Basin Plan Standard Amended Standarda

EAST LAKE SAMMAMISH BASIN _ (cont.)
LJ-6: Ravine-Top Meet appropriate detention standard - Meet conveyance requirements for

Clearing and Drainage and convey discharge via tightline to tightlines, ouffall and conveyance in CR #4.
Standards baseofravine.Dischargetostream

withadequateenergydissipation.

CP-58;CP-59:PineLake Allknown,availableandreasonable SensitiveLakeTreatmentStandard(CR #8).
PhosphorusControl methodsofprevention,control,and

treatmentforphosphoruscontrol.
Current standardsare:

1) infiltration to and including the 25-
year event,
2) wheresoilsunsuitable,swaleor
constructedwetlandcombinedwith

sandfilter,or

3)updatedDesignManual

requirementforphosphoruscontrol

BLMP: BeaverLake Allknown andreasonabletreatment BeaverLakeManagementPlanrequirements
PhosphorusControl forphosphoruscontroltoachieve80% perSpecialRequirement#I andK.C.C.

reductionintotalphosphorus(above 9.08.120.B

backgroundlevels).

ISSAQUAH CREEK BASIN PLAN
BW-I: Flow Reduction 1) Match pre-developed 2- and 10- Level 1 Flow Control (KCRTS) - Match pre-

On-Site Retention/ year peak flows (modified SBUH 7- developed 2- and 10-year peak flow rates
Detention Standard day);

2) Release the 2-year peak flow at
50% of the pre-developed 2-year flow;
the 10-year at the pre-developed 2-
year, and the 100-year at the
predeveloped 10-year (SBUH 24-hr);
or

3) Use continuous model such as
HSPF

BW-2: Erosion Match prc-developed flow durations Level 2 Flow Control (KCRTS) - Match pro-
Protection On-Site between 50% of the 2-year event developed flow durations between 50% of
Retention/Detention through 50-year event, and match the the 2-year through the 50-year flows.
Standard 100-year peak flow by either using:

(refer to UI-1, MI-1, 1) Use continuous model such as
MD-1, NF-3, HSPF; or

2) Release the 2-year peak flow at
50% of the pre-developed 2-year flow;
the 10-year at the pre-developed 2-
year, and the 100-year at the

predeveloped 10-year (SBUH 24-hr)
BW-19: Water Quality Meet the lake protection water quality Sensitive Lake Treatment Standard (CR #8)

Treatment Design treatment requirement for 50%

Standards phosphorousremoval.

UI-2:Standardsand AlldevelopmentrequiringaMaster Recommendationappliesasstatedper
Performance Goals - Drainage Plan (MDP) shall meet Special Requirement #1.
MDP Requirements specified requirements inthe

recommendation

AR 032267
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AdoptedRevisiom to'Apply inPlace of Basin Plan Recommendations
Basin Plan Previously Adopted

Recommendation Basin Plan Standard Amended Standard a

: ISSAQUAH!CREEK BASIN PLAN (cont.)
EF-2 & NF-2: Factors All development requiring a MDP Recommendation applies as stated per

for Evaluation of shall meet specified requirements in Special Requirement #1.
Master Planned the recommendation

Developments - MDP

Requirements
NF-3: Wetland 7 Meet BW-2 Stream Protection Meet Level 2 Flow Control (KCRTS) if in

Management Area Standard if in wetland subbasin wetland subbasin.
Protection - Detention
Standards

NF-3: Wetland Maximize infiltration potential of all Infiltration required in suitable soils per

Management Area conveyance, detention, and discharge Design Manual. Downspout dispersal,
Protection - Infiltration facilities through perforated infiltration or perforated stout design

conveyance pipes and discharge required where feasible. Discharge in
dispersal into undisturbed vegetation dispersal trenches where possible.

Conveyance systems designed as perforated
pipe systems where above seasonal water
table.

T-2: Site Development All development requiring a MDP Meet conveyance requirements for dghflines
Requirements - shall convey any discharges down the in Core Requirements (CR) #4. Meet ouffall
Pipeline Areas steep reaches of Cougar and Squeak and conveyance requirements (CR #4) and

Mountains to the valley floor via conduct downstream analysis (CR #2) from

continuous pipeline, pipeline outfall for adequate channel capacity

and protection. :
T-2: Site Development A stringent erosion and sediment Meet all wet season requirements prior to __

Requirements - Erosion control plan should be initiated to commencing construction (CR#5). Note:
and Sediment Control minimize construction-related erosion seasonal clearing limits may be applicable on

some portions of the site.
T-2: Site Development Any MDP approval shall be Recommendation applies as stated per

Requirements - MDP contingent on completion of Special Requirement #1,
Approval downstream flood control and

drainage project deemed essential by

SWM and the City of Issaquah
CEDAR RIVER: BASIN PLAN
BW-3.3: Wetland Meet Level 2 or Level 3 R/D if in Meet Level 2 or Level 3 Flow Control

Management Area wetland subbasin (see BW-19) (KCRTS) if in wetland subbasin (see BW-19)
Protection - Detention

Standards (refer to M6,
P2-P5 & P7)

BW-3.4: Wetland Infiltrate roof downspouts where Downspout infiltration required in granular
Management Area practical soils and in allowable soil conditions per
Protection - Roof Design Manual Section 5.4.wben feasible to

Downspout Infiltration fit trench len_hs onsite.
BW-12.1: Water-Quality Apply water quality treatment BMPs Basic Water Quality Standard (CR #8) - 80%

Treatment Standards - having a goal of 80 % removal of total average annual removal of total suspended

Basic Treatment Areas suspended solids (TSS) solids (TSS)
BW-12.2a: Water- Apply sphagnum bog protection Sphagnum Bog Protection Standard (CR #8)

Quality Treatment BMPs having a goal of protecting - total phosphorus reduction 50%, total
Standards - Sphagnum bogs by controlling nutrients, nitrate+nitrite reduction 40%, pH below 6.5
Bog Wetland alkalinity and pH and alkalinity below 1(_mg/L.
Treatment Areas '_

9/1/98 1998 Surface WaterDesign Manual
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Adopted Revisions to Apply: in Place of Basin Plan Recommendations
Basin Plan Previously Adopted

Recommendation Basin Plan Standard Amended Standard a
"1 , .... ii

CEDAR RIVER BASIN PLAN (cont.)
BW-12.2b: Water- Apply lake protection BMPs having a Sensitive Lake Protection Standard (CR #8) -

Quality Treatment goal of 50% annual average total 50% average annual removal of total
Standards - Sensitive phosphorous removal phosphorous
Lake Treatment Areas

BW-12.2a: Water- Apply stream protection BMPs having Resource Stream Protection Standard (CR
Quality Treatment a goal of 50% reduction of total zinc #8) - 50% reduction of total zinc
Standards - RSR.A
Stream Reaches

BW-17: Aquifer Protect aquifer recharge and stream Meet the following conditions:
Protection and Base base flows by infiltration runoff - Infiltration required in suitable soils per
Flow Maintenance whenever feasible; protect aquifer Design Manual (see BW-21)

(Sections 2 & 3) water quality by reducing introduction : Source Controls: Special Requirement #4 :
of pollutants into drainage waters. Implement specific required BMPs for

activities covered in the Stormwater Pollution
Control Manual

- Groundwater protection requirements for
infiltration and lining in Design Manual
- Water Quality Controls: Core Requirement
#8

BW-19a: Retention/ In identified areas Level 1 R/D can be In identified areas, projects may qualify for
Detention Standards - waived if a regional facility has the Discretionary Exemption for Infill
Level 0 capacity or direct discharge is possible Projects or _, Direct Discharge Exemption

Note: Ordinance adopting the basin in Core Requirement (CR) #3: Flow Control
plan revised the standard as follows:
waiver allowed only when will not
result in aggravation or creation of a
significant drainage or water quality

problem
BW-19b: Retention/ Match pre-developed 2- and 10-year Level 1 Flow Control (KCRTS) - Match pre-

Detention Standards - peak flows by using either: developed 2- and 10-year peak flow rates
Level 1:2/10 Peak 1) KCRTS; or

Flow Frequency 2) modified SBUH 7-day method
BW-19c: Retention/ Match pre-developed flow durations Level 2 Flow Control (KCRTS) - Match pre-

Detention Standards - between 50% of the 2-year event developed flow durations between 50% of
Level 2: Peak Flow through 50-year event by either using: the 2-year through the 50-year flows
Duration Control 1) KCRTS; or

2) Release the 2-year peak flow at
50% of the pre-developed 2-year flow;
the 10-year at the pre-developed 2-
year, and the 100-year at the pre-

developed 10-year (SBUH 24-hr)

AR 032269
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Adopted Revisions to Apply in Place of Basin Plan Recommendations
Basin Plan Previously Adopted

Recommendation BasinPlanStandard Amended Standard a -
CEDAR RIVER BASIN PLAN (cont.)

BW-19c: Retention/ Match pre-developed flow durations Level 3 Flow Control (KCRTS) - Match pre-
Detention Standards - between 50% of the 2-year event developed flow durations between 50% of
Level 3: Lake and through 50-year event, and match the the 2-year through the 5G-year flows and
Wetland Peak Stage 100-year peak flow by either using: release the post-developed 100-year flow at
Frequency and 1) KCRTS; or 2) Release the 2-year the pre-developed 100-year
Duration peak flow at 50% of the pre-developed

2-year flow; the 10,year at the pre-
developed 2-year, and the 100-year at
the pre-developed 10-year (SBUH 24-

hr; safetyfactor 40%)

BW-19d: Retention/ Runoffwill be designed to achieve Projects in these catchments shall be subject
Detention Standards - specific goals such as pre-disturbance to Large Site Drainage Review (Design
Level 4: Special streamflow characteristics Manual Section 1.1.2.4)
Requirements

BW-20.1: Ravine Retain all runoff onsite to maximum Infiltration of runoff required in granular
Protection Standard - extent feasible soils per Design Manual Section 5.4.
On-Site Retention Downspout infiltration required in granular

soils and in allowable soil conditions when

feasible to fit trench lengths onsite. If
infiltration not feasible, downspout
dispersion trenches required when minimum
flow paths can be met onsite or into adjacent

openspace.
BW-20.2: Ravine 1) Surface runoff that leaves the site Meet the Landslide Hazard Drainage Area __

Protection Standard - shall be conveyed downslope to the Requirements (Design Manual Section
Pipeline Areas valley floor via continuous pipeline, if 1.2.3.2)

feasible. - Meet conveyance requirements for
2) Discharge that is not direct to the tightlines in Core Requirements (CR) #4.
Cedar River shall meet Level 1 Peak - Meet Level 1 Flow Control (KCRTS) when

Flow Control not direct discharge to Cedar River
3) Discharge must be non-erosive - Meet outfall and conveyance requirements
(direct to lake or stable from discharge (CR #4) and conduct downstream analysis
to lake) (CR #2) for adequate channel capacity and

protection.
BW-20.3: Ravine Meet Level 2 Peak Flow Duration Meet Level 2 Flow Control (KCRTS) when

Protection Standard - Control when not required to build or not required to build or connect to a pipeline
Enhanced R/D connect to a pipeline and cannot and cannot achieve 100% infiltration.

achieve 100% infiltration.

BW-20: Relationship to Variance not needed for pipeline Variance required to review proposal but
Other Drainage Codes discharges that are not at the natural applicant to request and receive fee waiver
- Variances location (CR #1). per Design Manual Section 1.4.3.

BW-21: Infiltration as a Project designs shall maximize the use - Infiltration required in suitable soils per
Stormwater Mitigation of on-site stormwater retention and Design Manual Section 5.4. Downspout
Treatment infiltration infiltration required in granular soils and in

allowable soil conditions when feasible to fit

trench lengths onsite. Downspout dispersion
or infiltrated stubouts where infiltration not

possible. Discharge in dispersal trenches
when possible. Conveyance systems
designed as perforated pipe systems where --
above seasonal water table.

9/1/98 1998 SurfaceWaterDesign Manual
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Adopted Revisions to ApplTin Place of Basin Plan Recommendations
Basin Plan Previously Adopted

Recommendation Basin Plan Standard Amended Standard a
SOOS CREEK BASIN PLAN

BW-2: Onsite Detention Match pre-developed 2- and 10-year Level 1 How Control (KCRTS) - Match pre-
Standards - General peak flows (SBUH 24-hr) developed 2- and 10-year peak flow rates
Basinwide Standard

BW-2a: Onsite Match pre-developed 2-year peak Level 1 Flow Control (KCRTS) unless

Detention Standards - flows (SBUH 24-hr) except where project meets direct discharge requirements
Reduced Detention flooding problems are expected, for the lakes designated as major receiving
Standard. (Also bodies into which the subcatchment drains.
referred to as AS3,
AS8, & AS14)

BW-2b: Onsite Match pre-developed 2-, 10- and 100- Level 1 Flow Control (KCRTS)
Detention Standards - year peak flows (SBUH 24-hr)
Little Soos Standard.

(Also referred to as
AS6)

BW-2c: Onsite Release all flows up to the 100-year Level 2 Flow Control (KCRTS) - Match pre-
Detention Standards - peak flow at 70% of the pre-developed developed flow durations between 50% of
Soosette Increased 2-year peak flow (SBUI-124-hr) the 2-year through the 50-year flows
Detention Standard.
(Also referred to as
AS18)

BW-2d: Onsite No subdivision or non-single-family Meet Covington MDP conditions in KCC
Detention Standards - construction permits until Master 20.14.025.
Covington Center Drainage Plan (MDP) adopted.
Standard. (Also Covington MDP adopted in 1992.
referred to as AS5)

CW-5: Inf'fltration - High Industrial, Commercial and Meet the following conditions:
Densities Multifamily 1)cannot infiltrate runoff, - Groundwater protection requirements for

2) must line stormwater facilities, and infiltration and lining in Design Manual
3) requires biofiltration or - Water Quality Controls: Core Requirement

pretreatment prior to discharge #8
CW-5: Infiltration - Low Residential must infiltrate where Meet the following conditions:

Densities feasible and comply with Special - Infiltration required for roof drainage in
Requirement #5 appropriate soils

- Groundwater protection requirements for all
infiltration

Note: previous standard applied to all

residential development
HYLEBOS CREEK BASIN PLAN

BW-I: Basinwide Match pre-developed 2- and 10-year Level 1 Flow Control (KCRTS) - Match pre-
Onsite Detention peak flows (modified SBUH 7-day) developed 2- and 10-year peak flow rates
Standard

AR 032271
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Adopted Revisions to Apply in Place of Basin Plan Recommendations
'Basin Plan Previously Adopted

Recommendation Basin Plan.Standard Amended Standard a

BW-3: Stream Match pre-developed flow durations Level 2 Flow Control (KCRTS) - Match pre-
Protection Onsite and peaks between 50% of the 2-year developed flow durations between 50% of
Detention Standard event through 50-year event, and the 2-year through the 50-year flows

match the lO0-year peak flow by:
l) Use continuous model such as
HSPF; or

2) Release the 100-year peak flow at
70% of the pre-developed 2-year flow
(SBUH 24-hr) NOTE: Ordinance

adopting the basin plan revised
standard 2) as follows: Release the 2-
year peak flow at 50% of the pre-
developed 2-year flow; the lO-year at
the pre-developed 2-year, and the

l O0-_ear at the pre-developed l O-_ear
BW-9: Seasonal Exempt from October 1toMarch 31 Meet ESC requirements: Core Requirement

Clearing and Grading limits if: (CR) #5 (including wet season requirements)
Limits - Exemption I) infiltrate 100% of surface runoff; 2) and the following additional conditions:

approved erosion and sediment control 1) no significant silt-laden runoff leaving the
plan, installed and maintained; and 3) construction site, and

disturbed soil areas left unworked for 2) all BMPs are properly installed and
more than 12 hours covered, maintained throughout
NOTE: Ord_,uznce adopting the basin
plan revised standard as follows:
Meet all Temporary. Erosion and
Sediment Control requirements best

mana sement practices (BMPs )
BW-10.2: Hillslope Surface runoff flowing towards Not Applicable

Development and landslide hazard areas or slopes that
Drainage Restrictions are 40% or greater shall be conveyed

down slope via continuous pipeline
unless directed to stable receiving
areas as determined by downstream
analysis.

NOTE: Ordinance adopting the basin
_lan deleted this standard

BW-17.3: BMP Implement BMPs specific to the Obtain and comply with permit from the
Programs for Control nature of activity involved. National Pollution Discharge Elimination
of Nonpoint Source System 0ffPDES) Stormwater Permit
Pollutants - program; OR

Commercial and Implement specific required BMPs for
Industrial Uses activities covered in the Stormwater Pollution

Control Manual.

BW-17.5: BMP Implement BMPs specific to the Implement and maintain a farm management
Programs for Control nature of activity involved, plan approved by the King Conservation
of Nonpoint Source District; OR

Pollutants - Implement specific required BMPs for
Agricultural Uses activities covered in the Stormwater Pollution

Control Manual.

AR 032272 --
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Adopted Revisions to Apply in Place: of Basin ::Plan Recommendations

Basin Plan Previously Adopted
Recommendation Basin Plan Standard Amended Standard a

i i

HYLEBOS CREEK BASIN PLAN (cont.)
BW-20: Stormwater Evaluate suitability of soils for Meet the following conditions:

Infiltration Limitations infiltration. Runoff from new rural - Infiltration required in suitable soils per
and low- to moderate-density land Design Manual.
uses infiltrated to extent possible. - Source Controls: Special Requirement #4
Infiltration not allowed in high-density - Implement specific required BMPs for
areas of multifamily or commercial activities covered in the Stormwater Pollution
land uses. Control Manual

NOTE: Ordinance adopting the basin - Groundwater protection requirements for
plan revised standard as follows: infiltration and lining in Design Manual
Infiltration allowed in multifamily, - Water Quality Controls: CR #8
commercial and industrial when

commercial BMPs in place.
NS- 1: Reduced Onsite Direct discharge into Puget Sound - Meet CR #8 requirements.

Detention without detention allowed after - Direct discharge allowed when criteria for

appropriate water quality treatment direct discharge exemption in CR #3 is met.
COVINGTON :_TER DRAINAGE PLAN

Since the adoption of Covington Master Drainage Plan (MDP), the state has revised the water quality standards for
toxic metals. The MDP was developed to address, among other issues, measured violations of the old copper
standards. Plan recommendations for standards and retrofits designed to address total copper loadings to streams
have different results on dissolved copper loadings (the new water quality standard). Monitoring studies were
conducted to define dissolved copper concentrations in stormwater runoff, groundwater and streams within in the
MDP area. Based on the monitoring results, the table below identifies the new standards and projects that will
provide the level of protection needed to meet the MDP's stated goals. See the Original/vlDP language for details
on the standard.

SW-1: System All development in area designated in Repealed - no additional requirements in the
Configuration - Figure V-4 (Attachment C, Ordinance designated area.
subbasin drainage 10293) shall:
analysis - reduce copper loadings by

constructing lower density
development than allowed;
- provide a groundwater study which
proves flows from site do not migrate
to Little Soos Creek; or

- runoff from site is conveyed to a
location where surface or groundwater
flow is away from Little Soos Creek.

SW-2: Surface Water Infiltration from development or Infiltration from development or
Facilities - Infiltration: redevelopment with greater than 5000 redevelopment with greater than 5000 ft2 of
Pretreatment f-t2 of impervious surface requires lined impervious surface shall meet groundwater

wetpond and bioswale treatment prior protection requirements for infiltration and
to infiltration, linin_ in the Desi_,n Manual.

SW-2: Surface Water Development proposals must identify Developments shall submit an offsite analysis
Facilities - Infiltration: domestic water supply wells within 1 (Core Requirement #2) that identifies the
Water Supply Wells mile and assess human health risk location of domestic water supply wells

from infiltration and implement within a 1 mile radius of proposed infiltration
appropriate mitigation measures, facilities, and, if any wells are present, assess

the human health risk and recommend

appropriate measures to mitigate identified
health risks.

1998 SurfaceWaterDesign Manual 9/1/98
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Adopted Revisions to AppI, in Place of Basin Plan:Recommendations
Basin Plan: Previously Adopted --

Recommendation Basin Plan Standard Amended Standarda .

COVINGTON MASTER DRAINAGE PLAN -(cont.)
SW-3: Surface Water All development in areas where All development in areas where infiltration to

Facilities - Surface infiltration to groundwater is not groundwater is not feasible (Attachment 2,

Detention feasible (Attachment 2, Ordinance Ordinance 10293) shall apply the Level 2
10293) shall match predeveloped Flow Control (KCRTS) - Match pre-
stream hydrographs by providing developed flow durations between 50% of
stormwater detention of four-acre the 2-year through the 50-year flows
inches of detention storage volume per

impervious acre developed.
SC-2 Commercial Structural elements of the DOE Storm - All commercial and industrial new and

/Industrial Best Water Management Manual BMP redevelopment shall meet Special
Management Practices guidelines for commercial and Requirement #4: Source Controls; AND

industrial businesses are required, - Obtain and comply with permit from the
where appropriate, for new or National Pollution Discharge Elimination
redevelopment. System (NPDES) Stormwater Permit

program; OR
- Implement specific required BMPs for

activities covered in the Stormwater Pollution
Control Manual

:_KEMANAGEMENT PLANS :

Cottage Lake See plan recommendations. Sensitive Lake Protection Standard (CR#8)

Management Plan
Beaver Lake See plan recommendatious. Beaver Lake Management Plan requirements

Management Plan per Special Requirement #1 and K.C.C.
9.08.120.B. A goal of 80% removal of new

phosphorous to be achieved through
application of all known and reasonable

technologies.
Lake Twelve Plan recommends development of a Basic Water Quality Standard (CR#8)

Mana[ement Plan weed harvesting program.
Lake Desire See plan recommendations. Sensitive Lake Protection Standard (CR#8)

Management Plan
Lake Sawyer Pending. Sensitive Lake Protection Standard (CR#8)

Management Plan
Lake Sammamish See plan recommendations. Sensitive Lake Protection Standard (CR#8)

WQ Management Plan

aThese standardsare to be appliedto developmentscenarioswhenrequiredby and as implementedthroughthe King
County SurfaceWaterDesign Manual.
b SantaBarbaraUrbanHydrographhydrologicmethod.
c KingCountyRunoffTime Serieshydrologicmethod adoptedin the King County SurfaceWaterDesign Manual.
dAn HSPFcontinuoushydrologicmodel with regionalizedparameterslisted in theKing County Surface Water Design
Manual maybe substitutedfor KCRTS.
• SantaBarbaraUrban Hydrographhydrologicmethodmodified by King Countyto use a seven day rainfalldistribution.
f HydrologicSimulationProgram-FORTRANcontinuousflow simulationmodel.

AR 032274
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REFERENCE 2C
P-SUFFIX CONVERSION SUMMARY MATRIX

(BASED ON ADOPTED ORDINANCES 96-260, 261, AND 263)

This matrix lists, by planning area, each original p-suffix condition and briefly indicates how each was impacted by this

ordinance package. Drainage related conditions have been boldcd for easier reference. Other development related conditions

may have affect drainage design. The complete text and maps for the following drainage related special district overlays and
p-suffix conditions are located at the end of this section.

* SO-140 Ground Water Protection SDO

• SO-160 Urban Aquifer Protection SDO

• SO-180 Wetland Management Area SDO

• SO-190 Erosion Hazards Near Sensitive Water Bodies SDO

• S0-200 Heron Habitat Protection Area SDO

• SO-210 Urban Stream Protection Area SDO

• SO-220 Significant Trees SDO

• SO-230 Floodplain Density SDO

BEAR CREEK

8846 BCP-F2 Stream Corridom Repealed Covered, KCC21A.24 and
KCC21A.24.360

8846 BCP-P3 Animal Fenoin_ Retained BC-F22
8846 BCP-P4 Bear/Evans Creek Basin Repealed Surface Water Design

Construction Controls Manual Standard

Requirements
8846 BCP-P6 Heritage Sites Repealed Covered, Landmarks Code

20.62

8846 BCP-P8 SR-520 Intersectionwith Redmond Repealed Condition met
Way
IRoad Corridor:.WoodinvUle-DuvallI Retained BC-P2
IRoad Corridor:.Avondale) Retained BC-P3
IRoad Corridor:.NE NoveltyHill) Retained BC-P4
IRoad Corridor:.NE 128= Way) Retained BC-P5
IRoad Corridor:.NE Union Hill) Retained BC-P6
IRoad Corridor:216= Ave NE) Repealed Project Completed
IComrnemial Area: Avondale Road) Retained BC-P8
(Commemial Area: NE Woodinville- Retained BC-P9
Duvall)
(Commemial Area: 236= Ave NE) Retained BC-P10
_Commemial Area: I-P and M-P) Retained BC-P11

8846 BCP-P9 Bear Creek Valley Stream Repealed Covered,

Corridors KCC21A.24.360(A) and
(E) and KCC21A.24.200

8846 BCP-P10 Environmentally Sensitive Areas Repealed Covered_ KCC21A.24.120
_ 8846 BCP-P11 Nei_lhborhoodCenters Multiple BC-P12

IAvondale Comer I Multiple BC-P13
(Redmond Fall City Road) Multiple BC@I. AR 032275

12170-19-4 BCP-P12 Ring Hill Retained BC-P16
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12093 BCP-P13 Novelty Hill Master Plan Retained BC-P17
Developments/Urban Planned
Developments (Blakely Ridge)

12601 BCP-P14 Novelty Hill Master Plan Retained BCoP21
Developments/Urban Planned
Developments Area P-suffix
Conditions(Northridge)

2487 BCP-2487 119-74P (2487) Multiple BC-P20
5752 BCP-5752 107-81R (5752) Multiple BC-P18
7868 BCP-7868 115-85R _868) Multiple BC-P19

10033 BCP-10033 L90RZ026 (10033) Repealed Multiple
EAST. KING:COUNTY

11653-83 EKC-P1 Comprehensive Plan Amendment Repealed Condition met
Process

11653-92A EKC-P2 Parcel Number 041909-9033, NB-P Repealed Condition met
12061 EKC-P3 AIpental Map Amendment Study Retained EK-P3

EAST SAMMAMISH

10847 ESP-P2 Grand Ridge Clustering Retained ES-P2
10847 ESP-P3 Wildlife Corridor/Urban Separator Repealed ES-P20
10847 ESP-P4 Klahanie Village Affordable Retained ES-P3

Housing
10847 ESP-P6 Wetland 7 and North Fork Repealed Covered, KCC21A.12.050

leaaquah Creek Valley (B19) and Issaquah
Basin Plan (see
Reference Section 2-B)

10847 ESP-P8 Klahanie Community Business Retained ES-P4
Center Design Requirements

10847 ESP-P9 NorthwestPipeline Retained ES-P5
10847 ESP-P10 Farmlands Preservatioh Clustering Retained ES-P6
10847 ESP-Pt2 Beaverdam Rural Deed Retained ES-P7

Restrictions
10847 ESP-P13 Beaverdam Golf Course Retained ES-P8

Restrictions

10847 ESP-P14 Historic Preservation Repealed Covered, Landmarks Code
20.62

10847 ESP-P15 East Lake Semmamlah Basin Replaced SO-180 Wetland Management
Wetland Management Areas Area SDO

10847 ESP-P16 Grand Ridge Rural Development Multiple ES-P9 KCC16.82.150 (D) covers
Requirements Seasonal Clearing

requirements (see
Reference Section 2-/),).

10847 ESP-P17 Pine Lake Watershed Replaced SR-I 5-1 Sensitive Lake
KCC-16.82.150D Treatment Standard

(CR #8) and
KCC-16.82.150 (D) (see
Reference Section 2-A).

10847 ESP-P18 Beaver Lake Watershed Repealed KCC16.82.150 (D) covers
Seasonal Clearing
requirements (see
Reference Section 2-A).

10847 ESP-P19 Surface Water Retention/ Replaced SR-15-2 Flow Control Application
Detention Requirements Map and

CR#3: Flow Control

10847 ESP-P20 Seasonal Clearing and Grading Replaced KCC-16.82.150D KCC16.82.150 (D) covers
Restrictions Seasonal Clearing

requirements (see
Reference Section 2-A).

10847 ESP-P21 Panhandle and Monohan Replaced SO-190 Erosion Hazards Near
Subbasina Sensitive Areas SDO and

Landslide Hazard

Drainage Area
Requirements and
Applications Map.

911/98 1998 Surface Water Desiffa Manual
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10847 ESP-P22 Vegetation Retention in Rural Replaced KCC-16.82.150C KCC16.82.150 (D) covers
Areas - Areawide Seasonal Clearing

requirements (see
Reference Section 2-A).

10847 ESP-P23 Pine Lake Medical/Dental Clinic Repealed Condition met
Properties

10847 ESP-P24 Bush Lane Subarea Development Repealed Floodplainstudy already
Requirement required under existing

code

10847 ESP-P25 Plateau Properties Multiple ES-Pt 1
10847 ESP-P26 J. Swerda Pmperb/ Repealed Multiple
11653-107 ESP-P27 Grand Ridge Retained ES-P12
12061-4-1A ESP-P28 Ravenholt4 to 1 Retained ES-P13
12061-4-1B ESP-P29 Marshall 4 to 1 Retained ES-P14

11747-A ESP-P30 Aldarra Property Retained ES-P15
6497 ESP-6497 134-80R (6497) Retained ES-P 16
11935 ESP-11935 L95RZ001 (11935) Multiple ES-P17
12531 ESP-P31 Issaquah Employment Center Retained ES-P18
12531 ESP-P32 Emmerson 4 to 1 Retained ES-P19

ENUMCLAW

9499 ENP-P1 Histodc Sites Repealed Covered, Landmarks Code
20.62

9499 ENP-P3 Green River Gorge and Valley Replaced SR-15-3 Landslide Hazard
Walls Drainage Area

Requirements. Also
addressed KCC21.24.?.80

9499 ENP-P5 EnumclawAirportArea Replaced SO-150 Aviation FacilitiesSDO
9499 ENP-P6 Weyerhaeuser Mill Retained EN-P1
9499 ENP-P7 Skieens Property Repealed Covered, I_CC21A.12.030

(ga)
9499 ENP-P8 Enumclaw Landfill Repealed Covered, WAG 173-304-

407

7375 ENP-7375 231-85R (7375) Repealed Covered, KCC21A.24
FEDERAL WAY

7746 FWP-P1 Office Park Concept Gets Definite Repealed
Direction

7746 FWP-P2 W28-22-4:(RS7200 to RD3600-P) Repealed Annexed to Federal Way
(RS7200 to RM2400-P) Repealed Annexed to Federal Way
(RS7200 to BC-P) Repealed Annexed to Federal Way
(RS7200 and RM900 to BC-P) Repealed Annexed to Federal Way
(SR to CG-P) Retained FW-P5
(SR pot. BC to CG-P) Retained FW-P6
(SR to BC-P) Retained FW-P7
(RS7200 to BC-P) Repealed Annexed to Federal Way
(BC to CG-P) Repealed Annexed to Federal Way
(RM900 to CG-P) Repealed Annexed to Federal Way

7746 FWP-P3 E28-22-4 Multiple FW-P11
7746 FWP-P4 W34-22-4 Repealed Covered,

KCC21A.24.320,
KCC21A.14.230-.250

7746 FWP-P5 E34-22-4 Repealed Covered, KCC21A.24.320,
KCC21A. 14.230-.250

7746 FWP-P6 E3-21-4 Multiple FW-P12
7746 FWP-P7 E9-21-4 Multiple FW-P13
7746 FWP-P8 W10-21-4 Multiple FW-P14

(SR to RM2400-P) Retaind FW-P15
ISR to BN-P) Retained FW-P16

7746 FWP-P9 W15-21-4 Multiple FW-P17
7746 FWP-P10 W28-21-4 Multiple FW-P18

(SR to CG-P) Retained FW-P19
7746 FWP-P11 W33-21-4 Repealed Covered, 234-88 PUD

adopted

1998 Surface Water Design Manual 9/1/98
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7746 FWP-P12 E33-21-4 Repealed Multiple
663 FWP-633 P70-27 (633) Repealed Condition met
3953 FWP-3953 264-75R (3953) Multiple FW-P21
4560 FWP-4560 201-78R (4560) Repealed Condition met

4589 FWP-4589 230079R (4589) Repealed Bond expired
4812 FWP-4812 263-79R (4812) Multiple FW-P22
4867 FWP-4867 208-80R (4867) Multiple FW-P23

5114 FWP-5114 235-80R (5114) Repealed Annexed to Federal Way
5144 FWP-5144 257-80R (5144) Multiple FW-P25
5171 FWP-5171 270-79R (5171) Repealed Govered, KCC12.88.105-

.110

6005 FWP-6005 248-81R (6005) Repealed Covered, KC Road
Standardsi

6059 FWP-6059 218-82R (6059) Repealed Expired
6074 FWP -6074 _-82R (6074) Repealed Covered, KCC16.04.052
6151 FWP-6151 223-82R (6151) Retained FW-P26
6"_7_ FWP-6275 236-82R (6275) Repealed Time limited condition
7087 FWP-7087 230-84R (7087) Repealed Condition met
7653 FWP-7653 209-86R (7653) Multiple FW-P27
8825 FWP-8825 228-88R (8825) Repealed Covered, KCC21A.16
9095 FWP-9095 213-89R (9095) Repealed Covered, KCC21A.16
9189 FWPo9189 208-87R (9189) Multiple FW-P28

GPJEEN I_ER

6468 GRN-6468 254-75R (6468) Repealed Multiple
7821 GRN-7821 224-86R (7821) Multiple GR-P1
8375 GRN-8375 119-87R (8375) Multiple GR-P2

HIGHLINE

6453 HLP-P1 E9-23-4; O-P, R-48-P Multiple HL-P1
6453 HLP-P2 W4-23-4; R-12-P Repealed Covered, KCC16.04o052
5453 HLP-P3 W9-23-4; R-18-P Repealed Covered, KCC16.04.052
3313 HLP-3313 225-77R (3313) Multiple HL-P2
3424 HLP-3424 226-77R (3424) Multiple HL-P3
3643 HLP03643 270-77R (3643) Retained HL-P4

3744 HLP-3744 204-77R (3744) Repealed Multiple
3//9 HLP-3779 264-77R (3779) Multiple HL-P5
4094 HLP-4094 287-78R (4094) Multiple HL-P6
4885 HLP-4885 208-79R (4885) Multiple HL-P7
8858 HLP-8858 233-88R (8858) Multiple HL-P8
8863 HLP-8863 223-88R (8863) Repealed Multiple
8866 HLP-8866 224-88R (88661 Repealed Multiple
11271 HLP-11271 _:_-89R (11271) Multiple HL-P9

NEWCASTLE

6422 NCP-P1 Historic Sites Repealed Covered, Landmarks Code
20.62

6422 NCP-P2 Grazing Animal Access to May Retained NC-P21
Creek and Its Tributaries

6422 NCP-P3 Permanent Open Space in Reserve Repealed Covered, KCC21A.12.030
Tracts Created under the SC Zone (17) and 21A.14.050.

Zoning now R-1 and RA-5.
6422 NCP-M Cougar Mountain Subarea Master Retained NC-P1

Plan Development
12170o18 NCP-P4 Eastgate Congregational Church Retained NC,-P12
6422 NCP-P5 W 18-24-6:RS-7200 to RD-3600-P Multiple NC-P13
6422 NCP-P6 E10-23-5:RM-1800 to RT 24000P; Retained NC-P14 Sidewalk Requirement

E 15-23-5: S-R, Potential RM-1800,
and S-R to RT-2400-P

6422 NCP-P7 RM-900 to RM-900-P Retained NC-P15 W 12-23-5: Use Limit

6422 NCP-P8 S-R (potential RM-900) to S-R Multiple NC-P16 W 12-23-5: Mini-
115,0001(potential C-G-P) warehouse storage only

AR 032278
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6422 NCP-P9 S-R to SC-P (South of Renton - Multiple NC-P17 E i2-23-5: Landscaping
Issaquah Road/S.R. No. 900, Conditions
Unclassified Use Permit217o7-_

6422 NCP-P10 S-E to S-E-P Multiple NC-P18 W 7-23-6: Further
SubdivisionLimit

6422 NCP-P11 G to SC-P IPotential Q-M I Multiple NC-P19 M: Landscaping Conditions
3239 NCP-3239 107-77R (3239 / Multiple NC-P20
3501 NCP-3501 151-77R (3501) Multiple NC-P2
4703 NCP-4703 156-79R (4703) Repealed Multiple
4915 NCP-4915 121-80R 149151 Repealed Multiple
5184 NCP-5184 301-79R 15184) Multiple NC-P4
5346 NCP-5346 102-81R (5346) Multiple NC-P5
5378 NCP-5378 120-79R (53781 Multiple NC-P3
5854 NCP-5854 145-81R 15854) Multiple NC-P6
5985 NCP-5985 114-82R (5985) Multiple NC-P7
6671 NCP-6671 106-83R (6671) Multiple NC-P8
6696 NCP-6966 116-84R (6696) Repealed Covered, KCC21A.24
7328 NCP-7328 113-85R (73281 Repealed Multiple
8718 NCP-8718 112-88R I8718) Retained NC-P9
8796 NCP-8796 108-88R I8796) Repealed Multiple
9656 NCP-9656 117o89R (9656) Multiple NC-P10
10781 NCP-10781 123-89R (10781) Multiple NC-P11

NORTHSHORE

10703 NSP-P1 Special Stormwater Replaced SR-15-4 See Flow Control
Retention/Detention Application Map and
Requirements CR#3: Flow Control

10703 NSP-P2 Seasonal Clearing Restrictions Replaced KCC-16.82.150D KCC16.82.150 (D) covers
Seasonal Clearing
requirements (see
Reference Section 2-A).

10703 NSP-P3 Natural Resource Protection Replaced SO-200 Heron Habitat Protection
Area Area SDO

10703 NSP-P4 Significant Vegetation Retention Replaced SO-220 Significant Tree SDO
10703 NSP-P5 Pedestrian Circulation (Multifamily) Repealed Covered, KCC21A -

Pedestrian Circulation
Standards

10703 NSP-P6 Kingsgate Fireflow Requirements Repealed Covered,KCC21A.28.130
10703 NSP-P7 SR-522 Access Restriction Repealed Covered, KC Road

Standards, 2.02
10703 NSP-P8 Kenmore and WoodinvilleRight-of- Multiple NS-P1

Way Dedication/Improvements
10703 NSP-P9 Neighborhood Collector Repealed Covered KC Road

Improvements Standards 2.02 and 2.03
10703 NSP-P10 Pedestrian OrientedArea Replaced SO-050 Pedestrian-Oriented

Commercial Development
SDO

10703 NSP-P11 Office/Civic Core Retained NS-P2

10703 NSP-P12 Pedestrian Linkages Retained NS-P3
10703 NSP-P13 Office Only Requirements Repealed CurrentZoning is O. Also

covered, KCC21A.38.050.

10703 NSP-P14 Mixed-Use Pedestrian Oriented Multiple NS-P4
Area

10703 NSP-P15 Sammamish River Industrial Repealed Incorporated - Woodinville
Design Requirements

10703 NSP-P16 Hollywood Neighborhood Center Repealed Incorporated - Woodinville
Design Requirements

10703 NSP-P17 Sammamish River Valley Access Replaced SO-120 AgriculturalProduction
Restrictions Buffer SDO

10703 NSP-P18 AgriculturalImpact Areas Repealed Incorporated - Woodinville
10703 NSP-P19 Recreational Policy Retained NS-P22

AR 032279
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10703 NSP-P20 Commercial Use Limitations- North Retained NS-P5
Juanita Community Business
Center

10703 NSP-P21 STA 5-26-5: TL 9019 Retained NS-P6
10703 NSP-P22 S[H 22-26-5: TL 9053, 9080, 9042, Retaind NS-P7

9027: STR 27-26-5: TL 9002

10_u3 NSP-P23 S_H 27-26-5: TL 9065, 9069 Retained NS-P8
10_03 NSP-P24 :51H 12-26-4: TL 416410-220 and Retained NS-P9

0215

10703 NSP-P25 S_'H 11-26-4: TL 9001, 9137, 9020, Multiple NS-P10
9016, 9165 STR 12-26-4: TL
416410-0310, 0305, 0300, 0295,
0290, 0285, 0275, 0270

10703 NSP-P26 _ IH 25-26-4: TL 607650-0101 Repealed
10703 NSP-P27 _ i H 22-26-5: TL 9021 Retained NS-P12

10703 NSP-P28 _,H 16-26-5 Repealed Incorporated - WoodinvUle
10703 NSP-P29 _ I H 10-26-5 Repealed Incorporated - WoodinviUe
10703 NSP-P30 _,H 20-26-5 Retained NS-P20

10703 NSP-P31 :51H 17-26-5 Repealed All parcels now have O
zoning.

10703 NSP-P32 Harbor Village Development and Multiple NS-P13
Marina

10703 NSP-P33 :5_H 7-26-5 Any Reclassification Retained NS-P14
Applicationfor Multifamily
Development

10703 NSP-P34 _H 26-26-5 Retained NS-P15

10703 NSP-P35 Potential Zone Requirements Multiple NS-P19
11653-103 NSP-P36 Swamp Creek Rezone Retained NS-P16
11653-133 NSP-P37 Parcel 618170-0160 (Greenup Retained NS-P17

Property)
12061-4-1E NSP-P38 Goldstar4 to I Retained NS-P18

RESOURCE:LANDS

8648 RLP-P1 Forest Wilderness and Snoqualmie Repealed Multiple
Pass

SHORELINE

2508 SLP-2508 126-75R (2508) Repealed KCC21A.16
2508 SLP-2608 135-75R (2608) Multiple SL-P11
257/ SLP-2677 101-76R (2677) Multiple SL-P1
:_?U3 SLP-2703 149-75R (2703) Repealed Covered, KC Road

Standards

2640 SLP-2640 118-76R (2840) Multiple SL-P2
2940 SLP-2940 139-76R (2940) Repealed Covered, KCC16.04.052

and KCC21A. 16.

3262 SLP-3262 109-77H (3262) Repealed Covered, KCC16.04.052
3496 SLP-3496 141-77R (3496) Repealed Covered, KC Road

Standards
3561 SLP-3561 158-77H (3561) Retained SL-P3
3905 SLP-3905 158-78R (3905) Repealed Covered, KCC21 A.24.310

3988 SLP-3988 114-78R (3988) Repealed Multiple
4008 SLP-4008 180-78R (4008) Multiple SL-P5
4043 SLP-4043 152-78R (4043) Multiple SL-P4

4051 SLP-4051 182-78R (4051) Repealed Multiple
4053 SLP-4053 197-78R (4053) Retained SL-P6

4289 SLP-4289 104-79R (4289) Repealed Multiple
4418 SLP-4418 125-79R (4418) Repealed M_!tiple
4706 SLP-4706 167-79R (4706) Repealed Multiple
5986 SLP-5986 115-82R (59861 Repealed Multiple
7008 SLP-7008 120-64R (7008) Repealed Multiple
8573 SLP-8573 105-8_ (8573 i Repealed Multiple
8361 SLP-8361 115-87R (8361) Repealed Multiple
8452 SLP-8452 102-88R (6452) Repealed Multiple
9476 SLP-9476 125-89R 194761 Multiple SL-P7

9/1/98 1998 Surface Water Design Manual
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10194 SLP-10194 L9ORZ022 (101941 Multiple SL-P8
10419 SLP-10419 L91RZ005 1104191 Repealed Multiple
10813 SLP-10813 L92RZ002 (10813) Multiple SL-P9
11025 SLP-11025 L93RZ003 (110251 Multiple SL-P10

SNOQUALMIE VALLEY
9118 SQP-P1 Historic Sites Repealed Covered, Landmarks Code

20.62

9118 SQP-P2 Erosion Problem Areas Replaced SR-15-5 Landslide Hazard
Drainage Area
Requirements and Level
2 Flow Control (KCRTS)
for Sensitive Slope
Protection Areas (CR #3)

9118 SQP-P3 Forest Practice Permits Repealed Covered, KCC16.82.140
(B)

9118 SQP-P4 AR-5-P Replaced SO-230 Floodplain Density SDO
9118 SQP-P5 Unincorporated Rural Activity Multiple SV-P2

Center:.Fall City
(part E.) As amended by Ordinance Multiple SV-P3
12531 (12/15/96)

9118 SQP-P6 SE North Bend Way Replaced SO-170 Highway Oriented
Development SDO

9118 SQP-P7 Stillwater Multiple SV-P11
9118 SQP-P8 Preston Multiple SV-P12

(AR- 10) Multiple SV-P13
IMP-P) Multiple SV-P15
(AR 2.5-P) Repealed Multiple
IF-P) Multiple SV-P17

9118 SQP-P9 Weyerhaeuser Mill Multiple SV-P18
11653-95A SQP-P10 Preston IndustrialPark Retained SV-P19

(part 1. Preston Village) Retained SV-P20
(part 2. Preston Mill) Retained SV-P21

11653-116 SQP-P11 Tax Lots032407-9026-03, 902801, Repealed Multiple
902900, 0424-07, 9015-05, 9017-
03, 9018-02, 9020-08, 9025-03,
092407-9001-06

11653-87 SQpop12 Parcels 13, 27, 33, 35, 36, 37 Retained SV-P23
Located in Section 18, Township
23, Range 9

11653-90 SQP-P13 Tax Lot 062607-9032-00, locatedin Retained SV-P24

Section 6, Township 26, Range 7E
4004 SQP-4004 115-77R (4004) Multiple SV-P34
5664 SQP-5664 157-80R (5664) Multiple SV-P26
5744 SQP-5744 112-79R (5744) Multiple SV-P25
6916 SQP-6916 108-84R (6916) Multiple SV-P28
6993 SQP°6993 120-82R (6993) Multiple SV-P27
7207 SQP-7207 102-85R (7207) Repealed Condition Met
7694 SQP-7694 130-85R (7694) Multiple SV-P30
7831 SQP-7831 109-85R (7831/ Multiple SV-P29
8307 SQP-8307 122-86R (8307) Multiple SV-P31
10668 SQP-10668 L91RZ003 (10668) Multiple SV-P32
11774 SQP-11774 L93RZ008 (11774) Multiple SV-P33

SOOS CREEK

10197 SCP-P1 Sees Creek Basin Streams Replaced SO-210 Urban Stream Protection
Area SDO

(A.3) Replaced SR-15-6 See Flow Control
Application Map and
CR#3: Flow Control

10197 SCP-P2 Sees Creek Basin Lot Coverage Replaced SO-210 Urban Stream Protection
Area SDO

10197 SCP-P3 Clearing and Grading Replaced SC-P3 See Reference Section 2-
A

1998 Surface Water Design Manual 911198
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10197 SCP-P4 Seasonal Clearing Restrictions Replaced KCC-16.82.150D KCC16.82.150 (D) covers
Seasonal Clearing
requirements (see
Reference Section 2-A).

10197 SCP-P5 Vegetation Coverage Replaced KCC-16.82.150C KCC16.82.150 (C) covers
vegetation retention
requirements (see
Reference Section 2-#,).

10197 SCP-P7 Significant Tree Retention Replaced SO-220 Significant Tree SDO
10197 SCP-P14 Historic Preservation Repealed Covered, Landmarks Code

20.62
10197 SCP-P15 Urban Separators Repealed KCC21A. 12.030 and

KCC21A.04.080 amended

with this package to
address this issue

10197 SCP-P16 Phase I Lake Desire Replaced SR-15-7 Sensitive Lake WQ Treat.
Standard (CR #8); Level
3 Flow Control Standard

(KCRTS, CR #3)
10197 SCP-P17 Phase 2 Clustering Repealed Inconsistentwith KCCP
10197 SCP-P18 Covington Urban Activity Center Retained SC-P1
10197 SCP-P20 Crest AirparkCovenant Replaced SO-150 Aviation Facilities SDO
10197 SCP-P21 Meridian Valley Center Replaced SR-15-8
11653-55 SCP-P22 Seattle International Raceway Retained SC-P2

(SIR)
10197 SCP-P23 Green River/Cedar River Valleys Replaced SR-15-9 Landslide Hazard

Drainage Area
Requirements. Also
addressed in
KCC21A.24.280

10197 SCP-P24 Lotto/Toppano/RanningerRezone Multiple SC-P4
10197 SCP-P25 Sandifer Rezone Repealed Incorporated - Renton
10197 SCP-P26 Northwest Lead Products Repealed Zoning changed to RA-5

duringconversion to KCC
21A.

10197 SCP-P27 West Coast Auto Storage Repealed Zoning changed to RA-5
duringconversion to
KCC21A.

10197 SCP-P28 Kofal Rezone Retained SC-P7

11653-105 SCP-P29 Glacier Ridge Retained SC-P8
10197 SCP-P30 Pasko Plan Amendment Multiple SC-P9
10197 SCP-P31 Covington Master Drainage Plan Replaced SO-160 Urban Aquifer Protection

Area SDO

11653-56A SCP-P32 Covington Master Drainage - Repealed All property located
TL9111 etc. within Covington MDP

area.

11653-b'7A SCP-P33 Covington Master Drainage -TL Repealed All property located
259 etc. within Covington MDP

area.

12061-4-1D SCP-P34 Spring Lake 4 to I Retained SC-P10
11651 SCP-P35 Soos Creek Area Zoning Retained SC-P18

Amendment Study - Covington
12531 SCP-P36 Aqua Barn Retained SC-P19
4767 SCP-4767 289-79R (4767) Multiple SC-P11
4978 SCP-4978 224-80R (4978) Multiple SC-P12
6618 SCP-6618 243-83R (6618) Multiple SC-P14
7115 SCP-7115 201-85R ('/1151 Multiple SC-P16
7583 SCP-7583 204-84R (7583) Multiple SC-P15
10970 SCP-10970 L92RZ009 (10970) Multiple SC-P17

TAHOM_VEN HEIGHTS

10200 TRH-P1 Clearing and Grading [ Retained TR-P44 See Reference Section 2-
I A

AR 032282
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10200 TRH-P2 Seasonal Clearing Restrictions Replaced KCC-16.82.150D KCC16.82.150 (D) covers
Seasonal Clearing
requirements (see
Reference Section 2-A).

10200 TRH-P3 Vegetation Coverage Replaced KCC-16.82.150C KCC16.82.150 (D) covers
vegetation retention
requirements (see
Reference Section 2-A).

10200 TRH-P4 Wilderness Village PropertyGroup Multiple TR-P20
One

10200 TRH-P5 Wilderness Village PropertyGroup Multiple TR-P1 Wilderness Village
Three PropertyGroup Three:

CB-P

(SR7200-P) Multiple TR-P2 Wildemess Village
Property Group Three: R-
12-P

(RM900-P) Multiple TR-P3 Wilderness Village
PropertyGroup Three: O-
P

(RM2400-P) Multiple TR-P4 Wilderness Village
PropertyGroup Three: R-
18-P

(SR7200-P) Multiple TR-P5 Wilderness Village
Property Group Three: R-
12-P

10200 TRH-P6 Wilderness Village PropertyGroup Multiple TR-P6 Wilderness Village
Four PropertyGroup Four.

Right-of-Way Dedication
(RM900-P) Multiple TR-P7 Wilderness Village

PropertyGroup Four:.O-P
and R48-P

10200 TRH-P7 Four Comers Multiple TR-P8
10200 TRH-P8 Ravensdale Multiple TR-P9
10200 TRH-P9 Lake Sawyer Repealed Multiple
10200 TRH-P10 Urban/Suburban Residential Areas Repealed Area now rural by '95

KCCP.

10200 TRH-P11 Historic Sites Repealed Covered, Landmarks Cede
20.62

10200 TRH-P12 S-R-7200-P Retained TR-P11

10200 TRH-P13 B-C-P, CommunityBusiness Retained TR-P12
10200 TRH-P14 RM-900-P, Maximum Density, Retained TR-P13

Multiple Dwelling
12061-T6B TRH-P15 Spoerer/Watkins Retained TR-P14
11653-105 TRH-P16 Matelich Rezone Retained TR-P15

10200 TRH-P18 Wildemeas Village PropertyGroup Retained TR-P16
Two

12061-72 TRH-P19 R & H Partnership Urban Reserve Retained TR-P17
Study

12061-4-1G TRH-P21 Plum Creek 4 to I Retained TR°P19

11694 TRH-P22 Maple Valley Center Multiple TR-P42
12533 TRH-P24 Black Diamond Retained TR-P43

3494 TRH-3494 239-77R (3494) Multiple TR-P21
4082 TRH-4082 294-78R (4082) Repealed Covered, KCC16.04.052
4764 TRH-4764 264-79R (4764) Multiple TR-P22
5087 TRH-5087 234°80R (5087) Repealed Covered, KCC16.04
5689 TRH-5689 229-81R (5689) Multiple TR-P23
5765 TRH-5765 260-81R (5765) Multiple TR-P24
6698 TRH-6698 202-64R (6698) Multiple TR-P25
7382 TRH-7382 226-85R (7382) Multiple TR-P26

7677 TRH-7677 207-86R _7677) Repealed Multiple
7705 TRH-7705 214-86R (7705) Multiple TR-P30 I

7757 TRH-7757 215-86R (7757) Multiple TR-P31 AR 032283
7758 TRH-7758 205-86R (7758) Multiple TR-P28

1998 Surface Water De.sign Manual 9/1/98
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7944 TRH-7944 - Repealed Covered, KCC21A.28.040
8427 TRH-8427 203-88R (84271 Retained TR-P33
8603 TRH-8603 220-88R (8603) Multiple TR-P35
8733 TRH-8733 218-88R (8733) Multiple TR-P34
8865 TRH-8865 124-88R (8865) " Multiple TR-P32
9030 TRH-9030 210-89R (90301 Multiple TR-P45
9295 TRH-9295 218-89R (9295) Multiple TR-P37
9622 TRH-9622 214-89R (9622) Multiple TR-P36
9991 TRH-9991 L90RZ002 (9991) Multiple TR-P38
10287 TRH-10287 202-86R (10287) Multiple TR-P27
11349 TRH-11349 L93RZ001 (11349) Multiple TR-P40
11898 TRH-11898 L94RZ001 (11898) Multiple TR-P41

VASHON

7837 VIP-P1 Islandwide Commercial/ Repealed Covered, KCC21A.28.020
Industrial and .030

7837 VIP-P2 High Recharge Area Replaced SO-140 Sole Source Aquifer SDO
7837 VIP-P3 Historic Sites Repealed Covered, Landmarks Code

20.62

7837 VIP-P4 BR-N-P, Residential DensityUmit Repealed Covered, KCC21A.28.030

7837 VIP-P5 Rezones to BR-C-P Repealed Multiple
7837 VIP-P6 W29-23-3: Ma)dmum Density in RM Retained VS-P1

900-P is 12 DU/Acre

7837 VIP-P7 W5-22-3: MP-P (99 Ave. SW and Multiple VS-P2
SW 192= St.)

7837 VIP-P8 E18-22-3:RS-15,000 to BN-P - Retained VS-P3
Use Limitedto Fire Station

7837 VIP-P9 W19-22-3: RS-15000-P - Max. Repealed Covered, KCC21A.12.030
Number of Units is 87

7837 VIP-P10 E19-22-3: RS-15,000-P to BC-P - Retained VS-P4
Use Limited to Guest Inn/
Restaurant

7837 VIpop11 W13-22-2: G-P to AR-5-P Retained VS-P5
12061-1 lz VIP-P12 Parcel Number 292303-9127 Retained VS-P6
12395 VIP-P13 Vashon Town Plan - Setback Retained VS-P19

Limitations
12395 VIPop14 Vashon Town Plan - Access and Retained VS-P20

Landscaping Requirements
12395 VIP-P15 Vashon Town Plan - Access and Retained VS-P21

Use Restrictions
12395 VIP-P16 Vashon Town Plan - Access and Retained VS-P22

Density Limits
12395 VIP-P17 Vashon Town Plan - Use and Retained VS-P23

-- Parking Restrictions
12395 VIP-P18 Vashon Town Plan - Use Limits Retained VS-P24
12395 VIP-P19 Vashon Town Plan - Access Retained VS-P25

Restdctions

12395 VIP-P20 Vashon Town Plan - Town Retained VS-P26
Gateway

12395 VIP-P21 Vashon Town Plan - Town Retained VS-P27

Gateway landscaping Requirement
12395 VIP-P22 Vashon Town Plan - Town Core Retained VS-P28
12395 VIP-P23 Vashon Town Plan - Restdcted Retained VS-P29

Uses for CB Zoned Properties AR 032284
12395 VIpop24 Vashon Town Plan - Restricted Retained VS-P30

Uses for I Zoned Properties
1483 VIP-1483 209-72P (1483) Repealed Time Limited Condition
2884 VIP-2884 134-76R (2884) Multiple VS-P7

3360 VIP-3360 129-77R (3360) Repealed Multiple
4137 VIP-4137 107-78R (4137) Repealed Condition Met
4290 VIP-4290 101-79R (4290) Multiple VS-P9
4888 VIP-4888 150-79R (4888) Repealed Multiple _-
4890 VIP-4890 115-80R (4890) Multiple VS-P10

911/98 1998 Surface Water Design Manual
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4970 VIP-4970 164-79R {4970) Repealed Multiple
5242 VIP-5242 158-80R 15242) Multiple VS-P12
5353 VIP-5353 169-7"7R15353) Multiple VS-P8
5984 VIP-5984 103-80R _5984) Multiple VS-P11
6832 VIP-6832 151-79R 16832) Repealed Multiple
6885 VIP-6885 111-84R 16885) Multiple VS-P13
7396 VIP-7396 116-85R (7396) Repealed Multiple
8571 VIP-8571 219-88R (8571) Multiple VS-P14
9823 VIP-9823 105-89R 1(9823) Multiple VS-P15
70598 VIP-10598 L90RZ027 (10598) Multiple VS-P16
11024 VIP-11024 L91RZ006 111024) Multiple VS-P18
11389 VIP-11389 L90RZ028 111389) Multiple VS-P17

WEST HILL

11166 WHP-P1 Street Design Repealed Covered, KC Road
Standards 2.08

11166 WHP-P2 Common Tracts Repealed KCC21A. 14.080 amended
with this package to
address this issue

11166 WHP-P3 Panorama View Clustered Replaced SO-130 Residential Inflll SDO

Development
11166 WHP-P4 Other Conditions Retained WH-P4

11166 WHP-P5 Commercial, Industrial,and Repealed Covered, KCC21A.14.180
MultifamilyResidential Areas:
BuildingArranDements

11166 WHP-P6 Special District Overlay Provisions Repealed Office/Research Park SDO

has been applied.
WHITE CENTER

11568 WCP-P1 16= Ave SW - Pedestrian Replaced SO-090 KCC21A.38.090-
Commercial Subarea Economic Redevelopment

- SDO
11568 WCP-P2 16= Ave SW - Replaced SO-100 KCC21A.38.100 -

Commercial/Industrial Subarea Commercial/Industrial
SDO

11568 WCP-P3 Industrial Replaced SO-090 KCC21A.38.090 -
Economic Redevelopment
SDO

11568 WCP-P4 Old Puget SoundJunior High Retained WC-P1
School

AR 032285
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GROUND WATER PROTECTION

Special District Overlay, SO-140
(Effective c. August 18. 1997)

Condition Text

A. The purpose of the ground water protection special district overlay is to limit land uses that have the potential to severely
contaminate groundwater supplies and to provide increased areas of permeable surface to allow for infiltration of surface
water into groundwater resources.

B. For all commercial and industrial development proposals, at least 40 percent of the site shall remain in natural vegetation
or planted with landscaping, which area shall be used to maintain predevelopment infiltration rates for the entire site. For
purposes of the special district overlay, the following shall be considered commercial and industrial land uses:

1. amusement/entertainment land uses as defined by K.C.C. 21A.08.040 except golf facilities;

2. general services land uses as defined by K.C.C. 21A.08.050 except health and educational services, daycare 1,
churches, synagogues, and temples;

3. government/business services land uses as defined by K.C.C. 21A.08.060 except government services;

4. retail/wholesale land uses as defined by K.C.C. 21A.08.070 except forest product sales and agricultural product
sales;

5. manufacturing uses as defined by K.C.C. 21A.08.080; and

__ 6. mineral extraction and processing land uses as defined by K.C.C.. 21A.08.090.

C. Permitted uses within the area of the ground water protection special district overlay shall be those permitted in the
underlying zone, excluding the foUowing as defined by Standard Industrial Classification number and type:

1. SIC 4581, airports, fying fields, and airport terminal services;

2. SIC 4953, refuse systems, (including landfills and garbage transfer stations operated by a public agency);

3. SIC 4952, sewerage systems (including wastewater treatment facilities);

4. SIC 7996, amusement parks; SIC 7948, racing, including track operation; or other commercial establishments or
enterprises involving large assemblages of people or automobiles except where excluded by Section B above;

5. SIC 0752, animal boarding and kennel services.

6. SIC 1721, building painting services;

7. SIC 3260, pottery and related products manufacturing;

8. SIC 3599, machine shop services;

9. SIC 3732, boat building and repairing;

I0. SIC 3993, electric and neon sign manufacturing;

_ 11. SIC 4226, automobile storage services;

12. SIC 7334, blueprinting and photocopying services; AR 032286
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13. SIC 7534, tire retreading and repair services;

14. SIC 7542, carwashes;

15. SIC 8731, commercial, physical and biological research laboratory services;

16. SIC 02, interim agricultural crop production and livestock quarters or grazing on properties 5 acres or larger in size,
within I zoned lands;

17. SIC 0752, public agency animal control facility;

18. SIC 2230, 2260, textile dyeing;

19. SIC 2269, 2299, textile and textile goods finishing;

20. SIC 2700, printing and publishing industries;

21. SIC 2834, pharmaceuticals manufacturing;

22. SIC 2844, cosmetics, perfumes and toiletries manufacturing;

23. SIC 2893, printing ink manufacturing;

24. SIC 3000, rubber products fabrication;

25. SIC 311 l, leather tanning and finishing;

26. SIC 3400, metal products manufacturing and fabrication;

27. SIC 3471, metal electroplating;

28. SIC 3691, 3692, battery rebuilding and manufacturing;

29. SIC 3711, automobile manufacturing; and

30. SIC 4600, petroleum pipeline operations.

Ordinance
12823

Effective Date

August 18, 1997
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/

URBAN AQUIFER PROTECTION

SpecialDistrictOverlay,SO-160
(Effective c. August 18. 1997)

Condition Text

A. The purpose of the urban aquifer protection area special district overlay is to provide additional protection for urban
areas that are highly susceptible to ground water contamination. An urban aquifer protection area special district overlay
shall only be established within areas designated in the comprehensive plan as highly susceptible to ground water
contamination, including the surrounding area up to 1/2 mile, and zoned UR, R, NB, CB, O, and I.

B. Permitted uses shall be those permitted in the underlying zone, excluding the following as defined by Standard Industrial
Classification (SIC) number and type:

1. SIC 4953, refuse systems (including hazardous waste recycling or treatment and solid waste landfills);

2. SIC 461, pipelines, except natural gas (including petroleum pipelines); and

3. businesses maintaining open storage of toxic substances.

C. New septic tank drainfield systems shall be prohibited.

Ordinance
12823

Effective Date

August 18, 1997

AR 032292
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WETLAND MANAGEMENT AREAS

Special District Overlay, SO-180
(Effective c. August 18. 1997)

Condition Text

A. The purpose of the wetland management area special overlay district is to provide a means to designate certain unique
and outstanding wetlands when necessary to protect their functions and values from the impacts created from geographic
and hydrologic isolation and impervious surface.

B. The following development standards shall be applied in addition to all applicable requirements of K.C.C. 21A.24 to
development proposals located within a wetland management area district overlay:

I. All subdivisions and short subdivisions in R-I and RA zones shall have a maximum impervious surface area of 8
percent of the gross acreage of the plat. Distribution of the allowable impervious area among the platted lots shall be
recorded on the face of the plat. Impervious surface of existing roads need not be counted towards the allowable
impervious area. This condition may be modified by the director for the minimum necessary to accommodate
unusual site access conditions;

2. All subdivisions and short subdivisions shall be required to cluster away from wetlands or the axis of corridors along
stream tributaries and identified swales connecting wetlands in order to minimize land disturbance and maximize

distance from these sensitive features. At least 50 percent of the R-I zoned portions of the site and at least 65% of
the RA-zoned portions of the site shall be left in native vegetation, preferably forest, and placed in a permanent open
space tract; and

3. Clearing and grading activity from October 1 through March 31 shall meet the provisions of K.C.C. 16.82.150D
wherever not already applicable.

Ordinance
12823

Effective Date

August 18, 1997

AR 032294
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EROSION HAZARDS NEAR SENSITIVE WATER BODIES.

Special District Overlay, SO-190
(Effective c. August 18. 1997)

Condition Text

A. The purpose of the erosion hazards near sensitive water bodies special overlay disu'ict is to provide a means to designate
sloped areas posing erosion hazards which drain directly to lakes or s_eams of high resource value which are particularly
sensitive to the impacts of increased erosion and the resulting sediment loads from development.

' B. The following development standards shall be applied in addition to all applicable requirements of K.C.C. 21A.24 to
development proposals located within erosion hazards near a sensitive water bodies district overlay:

1. A no-disturbance area shall be established on the sloped portion of the special district overlay to prevent damage
from erosion. Land clearing or development shall not occur in the no-disturbance area, except for the clearing
activities listed in subsection a. Clearing activities listed in subsection a shall only be permitted if they meet the
requirements of subsection b.

a. Clearing activities may be permitted as follows:

i. for the construction of single family residences on pre-existing separate lots;

ii. for the construction of utility corridors to service existing development along existing rights-of-way
including any vacated portions of otherwise contiguous rights-of-way;

_ iii. for the construction of roads providing sole access to buildable property and associated utility facilities
within those roadways; or

iv. for the construction of development within an isolated no-disturbance area of two acres or less in size.
The isolated no-disturbance area is either geologically separated from other no-disturbance areas or lies

completely within a separate drainage subbasin and is, therefore, hydrologically isolated from the rest
of the no-disturbance area.

b. The clearing activities listed in subsection a may be permitted only if the following requirements are met:

i. a report which meets the requirements of K.C.C. 21A.24. 120 shall show that the clearing activities will
not subject the area to risk of landslide or erosion and that the purpose of the no disturbance area is not
compromised in any way;

ii. the clearing activities shall be mitigated, monitored and bonded consistent with the mitigation
requirements applicable to sensitive areas regulated in K.C.C. 21A.24;

iii. theclearingactivitiesarelimitedtotheminimalareaanddurationnecessaryforconstruction;and

iv. theclearingactivitiesareconsistentwithK.C.C.21A.24;

2. The upslopeboundaryoftheno-disturbancearealiesatthefirstobviousbreakinslopefromtheuplandplateauover
ontothesteepvalleywalls.The downslopeboundaryofthiszoneincludesthoseareasdesignatedaserosionor
landslidehazardareaspursuanttoK.C.C.21A.24.220and21A.24.280.The sensitiveareasfolioindicatesthe

generallocationofthesehazardareas,butitcannotbeusedtospecifytheareas'preciseboundaries.Maps ofthe

approximateboundariesoftheseno-disturbancezonesshallbeavailableatthedepartment.Singlefamilyormulti-

familyresidentialdensityfromtheno-disturbanceareamay bereallocatedontoanybuildablcportionofthesite
pursuanttoK.C.C.21A.12.080,ortransferredtoothersitespursuanttoK.C.C.21A.36;

All 032296
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3. New development proposals for sites which drained predeveloped runoff to the no-disturbance zone shall evaluate

the suitability of onsite soils for infiltration. All runoff from newly constructed impervious surfaces shall be retained
on-site unless this requirement precludes the ability to meet minimum density requirements in K.C.C. 21A.12. When
minimum density cannot be met, runoff shall be retained on-site as follows:

a. Infiltration of all site runoff shall be required in granular soils as defined in the King County Surface Water
Design Manual.

b. Infiltration of downspouts shall be required in granular soils and in soil conditions defined as allowable in the
Surface Water Design Manual when feasible to fit the required trench lengths onsite;

c. When infiltration of downspouts is not feasible, downspout dispersion trenches shall be required when minimum
flow paths defined in the Surface Water Design Manual can be met onsite or into adjacent open space; and

d. When dispersion of downspouts is not feasible, downspouts shall be connected to the drainage system via
perforated pipe.

4. For the portions of proposed subdivisions, short subdivisions and binding site plans that cannot infiltrate runoff up to
the lO0-year peak flow, at least 25 percent shall remain undisturbed and set aside in an open space tract consistent
with K.C.C. 21A.24.150-180; and

5. For the portions of all development proposals that cannot infiltrate runoff up to the 100-year peak flow, no more than
35 percent of the gross site area shall be covered by impervious surfaces. For new subdivisions and short
subdivisions, maximum lot coverage should be specified for subsequent residential building permits on individual
lots.

6. If the application of this section would deny all reasonable use of property, the applicant may apply for a reasonable
use exception pursuant to K.C.C. 21A.24.070B.

7. The director may modify the property specific development standards required by B. 1 through B.5 of this section, -_
when a development proposal complies with the following:

a. The proposed development is subject to public/private partnerships such as an approved community block grant
or other such water quality program designed to improve water quality in the basin,

b. The proposed development is designated by King County, in consultation with the Lake Sammamish
Management Committee, as a demonstration project designed to implement best management practices and state
of the art technology that assures the greatest possible improvement to water quality, and

c. A site specific study is conducted by the applicant and approved by the director, which demonstxates that the

proposed development substantially increases water quality by showing the following:

(1) water quality on-site is improved;

(2) the development project will not subject downstream channels to increased risk of landslide or erosion;

(3) the development project will not subject the nearest sensitive water body to additional erosion hazards; and

(4) the project is consistent with element a. and b. above, and provides predictable improvements to the water
quality of Lake Sammamish.

Ordinance
12823

Effective Date

August 18, 1997 AR 032297 v
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HERON HABITAT PROTECTION AREA

Special District Overlay, SO-200
(Effective c. August 18. 1997)

Condition Text

A. The purpose of the heron habitat protection area special district overlay is to provide a means to designate areas that
provide essential feeding, nesting and roosting habitat for identified great blue heron rookeries. A district overlay will
usually contain several isolated areas of known heron habitat in the general region surrounding the heron rookery.

B. The following development standards shall be applied in addition to all applicable requirements of K.C.C. 21A.24 and
Title 25 to development proposals located within a heron habitat protection area district overlay:

1. The following conditions shall apply to the wetland or along the main channel of the stream riparian zone containing
theheronrookery(tributarystreamsareexcluded):

a. The 100-yearfloodplainshallbeleftundisturbed.Developmentproposalsonindividuallotsshallrequirethe

100-yearfloodplaintoretainthenativevegetationandbeplacedinacounty-approvedconservationeasementor

noticeshallbe placedon thetitleofthelot.The noticeshallbeapprovedby KingCountyandfiledwiththe
recordsandelectionsdivision.The noticeshallinformthepublicofthepresenceandlocationofthefloodplain

andheronhabitaton thepropertyandthatlimitationsonactionsinoraffectingtheareaexist.Subdivisions,

shortsubdivisionsandbindingsiteplansshallrequirethe100-yearfloodplaintoretainthenativevegetationand

beplacedinasensitiveareastract,tobededicatedtothehomeowner'sassociationorotherlegalentitywhich

assumesmaintenanceandprotectionofthetract.Determinationofthefloodplainshallbedoneforeachpermit

applicationbasedonactualfieldsurveyusingcounty-approvedfloodplainelevations;

b. Thereshallbe a660footradiusbuffermaintainedaroundthepcripberyofthegreatblueheronrookery.Ifthe
sensitiveareasandbuffersarenotadequatetoprovidetheradius,thenthebuffershallbeexpandedtomeetthe

requirement.A rookeryanditsbuffershallbedesignatedassensitiveareatract,casementornoticedontitleas

requiredinthissubsection;and

c. AllaccessshallberestrictedundernesttreesfromFebruary15toJuly31 andnotedonsignageatthefloodplain
orbufferedge,whicheverisfurtherfromtherookery.Accessmay befurtherrestrictedwithfencingordense

plantingswithnativeplantmaterialapprovedbythecounty.AlldevelopmentsinR-12orhigherdensityzones

shallrestrictaccessandprovideaninterpretivesignthatprovidesinformationaboutthestreamorwetlandand

itswildlife,biological,andhydrologicalfunctions.Allsignsshallbeconsistentwithsensitiveareasignage
requirementsandsubjecttoreviewandapprovalofthecounty;

2. Subdivisions,shortsubdivisions,bindingsiteplans,sitedevelopmentpermitsorothercommercialormultifamily

permitsadjacenttostreamreachesandwetlandsdesignatedon theheronhabitatprotectionareadistrictoverlay
map, shall provide buffers that are 50 feet greater that required pursuant to K.C.C. 21A.24 along those streams and
wetlands to provide habitat for herons. This additional 50 foot buffer shall be planted with dense native plant
material to discourage human intrusion into feeding or nesting and roosting areas. Plantings shall be reviewed and
approved by the department. If conformance with the additional buffer requirement results in an unbuildable lot,
then the minimum variation necessary to accommodate the proposed development shall be determined in
consultation with county biologists and be reviewed and approved by the department;

3. Along the shoreline of lakes and river corridors included in the heron habitat protection area, all subdivisions, short
subdivisions, binding site plans, site development permits or other commercial or multifamily permits shall provide
a 50 foot buffer in addition to required shoreline setbacks of K.C.C. Title 25 and 21A.24. Along the shoreline of the
major rivers (Sammamish, Green, Cedar, Snoqualmie, Snohomish, Sloykomish and White River), the setback

requirement may be waived if a special wildlife study shows no great blue heron nesting, roosting, and feeding areas
on the site. These studies shall be done by a wildlife biologist and approved by county biologists. This additional 50

1998 Surface Water Design Manual AR 032300 911198
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foot buffer shall be planted with dense native plant material to discourage human intrusion into feeding or nesting
and roosting areas. Plantings shall be reviewed and approved by the department; and

4. New docks, piers, bulkheads, and boat ramps constructed within the heron habitat protection area shall mitigate for _
loss of heron feeding habitat by providing enhanced native vegetation approved by the county adjacent to the
development or between the development and the shoreline. Bulkheads shall be buffered from the water's edge by
enhanced plantings of native vegetation approved by the county.

Ordinance
12823

Effective Date

August 18, 1997

AR 032301
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URBAN STREAM PROTECTION AREA

SpecialDistrictOverlay,SO-210
(Effective c. August 18. 1997)

Condition Text

A. The purpose of the urban stream protection area special district overlay is to provide a means to designate areas with
substantial fisheries resources that have severe flooding and stream damage problems from high storm water volumes.
This district overlay limits land coverage along significant urban stream corridors to reduce stormwater volumes and the
costs associated with flooding problems and loss of salmon resources.

B. The following development standards shall be applied to development proposals on R-1 zoned parcels located within an
urban stream protection area district overlay:

1. Clearing is limited to and development shall be clustered on 30 percent of the site. Parcels adjacent to streams or
wetlands shall place structures as far as feasible from streams and wetlands. For binding site plans, subdivisions and
short subdivisions, the remaining 70 percent of the site shall be placed in a contiguous permanent open-space tract
retaining the native vegetation. For individual lots, the remaining 70 percent of the parcel shall retain the native
vegetation and be placed in a county-approved conservation easement, or notice shall be placed on the title of the lot.
The notice shall'be approved by King County and filed with the records and elections division. The notice shall
inform the public of the presence and location of an urban stream protection area on the property and that limitations
on actions in or affecting the corridor exist;

2. Where existing clearing has already exceeded 30 percent of the gross acreage of the site, reforestation according to a
- county-approved plan shall be provided to restore native forested cover to 70 percent of the site;

3. The maximum impervious surface area shall be 8 percent of the gross acreage of the site. Proposed short
subdivisions, subdivisions, and binding site plans shall record the distribution of allowable impervious area among
individual parcels on the face of the plat. Impervious surface of roads shall not be counted towards the allowable
impervious area. This condition may be modified by the director only as necessary to accommodate unusual site
access conditions;

4. Keeping or grazing of livestock shall be prol_bited; and

5. No road crossings of streams defined in K.C.C. 21A.06.1240 shall be allowed. Crossing of streams by utilities shall
be limited to existing road or utility rights-of-way unless no feasible alternative exists.

Ordinance
12823

Effective Date

August 18, 1997

AR 032308
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SIGNIFICANT TREES.

SpecialDistrictOverlay,SO-220
(Effective c. August 18. 1997)

Condition Text

A. The purpose of the significant trees special district overlay is to provide a means to designate areas losing their natural
vegetation that characterizes their community and receiving the accompanying impacts from increased stormwater runoff
and decreased wildlife habitat. This district overlay limits removal of significant trees in these urbanizing areas to reduce
visual impacts of development and maintain a portion of the natural vegetation and soils characteristic of the Pacific
Northwest.

B. The following development standards shall be applied to all residential, commercial (including golf courses), industrial or
institutional development proposals located within a significant tree district overlay:

1. Significant tree retention rates. Except when replacement trees are used as provided in subsection B.5, significant
trees defined pursuant to K.C.C. 21A.06 shall be at a minimum retained as follows:

a. Exclusive of the area required for site access by vehicles, pedestrians, or utility infrastructure, significant trees
shall be retained within required perimeter landscape areas at the following rates:

(1) One hundred percent for the interior perimeters.

(2) Seventy-five percem for the street perimeter, provided that this standard may be reduced to 50 percent for
retail commercial developments if:

(a). the combined landscaping and tree retention requirement is shown by the applicant to result in:

i. the loss of the line-of-sight necessary for identification of the retail commercial
development; and

ii. a vegetative buffer exceeding the screening characteristics of a Type III landscape screen;
or

(b) The average width of the street perimeter landscape area is increased by 50 percent, provided that within
the additional landscape area, significant trees are retained at the rate consistent with subsection c;

b. If any portion of the lot contains erosion hazards, significant trees located in the interior of separate lots,
including sensitive areas or their buffers, shall be retained in single detached dwelling development at the rate of
20 trees per acre or ten percent of such trees, whichever is greater;

c. Significant trees located in the interior of the development proposal, including sensitive areas or their buffers,
shall be retained in a residential subdivision at the rate of 20 trees per acre or ten percent of such trees,
whichever is greater;

d. Significant trees located in the interior of the development proposal, excluding sensitive areas or their buffers,
shall be retained in an apartment or townhouse development at the rate of 20 trees per acre or ten percent of such
trees, whichever is greater;

e. Significant trees located in the interior of the development proposal, excluding sensitive areas or their buffers,

shall be retained in commercial or industrial development at a rate of ten trees per acre or five percent of such
trees, whichever is greater;

AR 032310
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f. Significant trees located in the interior of the development proposal, excluding sensitive areas or their buffers
and areas designated for sport fields, playfields or other recreational facilities, shall be retained in institutional
developments at a rate of ten trees per acre or five percent of such trees, whichever is greater;

g. Utility developments and mineral extraction operations shall be exempt from the significant tree retention
requirements of this section; and

h. Project sites with 25 percent or greater of the total gross site area in sensitive areas, sensitive area buffers and
other areas to be left undisturbed such as wildlife corridors, shall be exempt from the significant tree retention
requirements of this chapter;

2. Retention plan. The applicant shall submit tree retention plans as follows:

a. A significant tree inventory shall be submitted for review prior to or with submittal of development permit
applications. The tree inventory may be conducted by any method that reflects general locations, numbers and
grouping of significant trees on-site; and

b. A detailed tree retention plan shall be submitted for review prior to or with submittal of grading permit
applications or other permit applications incorporating grading plans. This plan shall identify the exact location,
size, species, and condition of the significant trees proposed to be retained, transplanted or replaced in order to
comply with this chapter;

3. The retention requirements shall be met as follows:

a. Except as provided in subsection b, the applicant shall determine that the final tree retention plan does not
include significant trees unable to survive more than ten years after the date of project completion due :

(1) Damage or disease; _

(2) Safety hazards due to potential root, trunk or primary limb failure;

(3) Windfall; or

(4) Age in relation to the normal lifespan of the tree species;

b. At thediscretionofthecounty,damagedordiseasedorstandingdeadtrees,notclassifiedasadangertree,may

bccountedtowardthesignificanttreerequirementifdemonstratedthatsuchtreeswillprovideimportantwildlife
habitat;

c. A significanttreemay becreditedastwo treeswhen itmeetsoneormore ofthefollowingcharacteristics:

(I) The treeis18inchesorgreaterindiameter;

(2) The treeislocatedinagroupingofatleastfivetreeswithcanopiesthattouchoroverlap;

(3) The treeprovidesenergysavingsthroughwinterwindprotectionorsummer shadingasaresultofits

locationrelativetobuildings;

(4)The treebelongstoauniqueorunusualspecies;

(5) The tree is located within 25 feet of any sensitive area or required sensitive area buffers; or

(6) The tree is listed on a historical register; and AR 032311

d. The department shall, pursuant to K.C.C. 2.98, develop and maintain an advisory listing of trees recommended
for retention. Such list shall describe their general characteristics and suitability, and provide guidelines for their
retention;

9/1/98 1998 Surface Water Design Manual
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4. Protection. To provide the best protection for significant trees designated for retention, the development shall
comply with the following:

a. No tree removal for a project action shall be allowed prior to the county approval of a grading permit consistent
with tree retention and landscape plans;

b. Prior to clearing for a project action, trees to be retained shall be flagged;

c. Prior to grading for a project action and throughout construction, a temporary chainlink or plastic net fence shall
be used to identify the protected area of any significant tree designated for retention. The height of such fencing
shall be adjusted according to the topographic and vegetative conditions of the site to provide clear visual
delineation of the protected area. The size of protected area around the tree shall be equal to one foot diameter
for each inch of tree trunk diameter measured four feet above the _ound; and

d. At no time during and after construction shall the following be permitted within the area described in subsection
c:

(I) Impervious surfaces, fill, excavation, or storage of construction materials; or

(2) Grade level changes, except in limited circumstances where proposed improvements using permeable
materials are determined by an arborist to be non-detrimental to the trees root system; and

e. Alternative or additional protection methods may proposed and be used if determined by the director to provide
equal or greater protection for trees designated for retention;

5. Plan modifications and tree replacement are permitted as follows:

a. Any significant tree in the interior may be replaced by another significant tree in the interior;

b. If the required number of significant trees cannot be retained, then non-significant sized trees may be retained or
new trees may be planted to meet significant tree requirements as follows, provided that the reason for the
purpose of this subsection, the significant tree to be replaced by the new or existing replacement tree is assigned
a diameter of 12 inches:

(1) When using replacement trees measuring three inches in diameter or greater (as measured by caliper), one-
half inch diameter of replacement tree shall be provided for every one inch diameter of significant tree to be
replaced; and

(2) When using replacement trees measuring less than three inches in diameter (as measured by caliper), one
inch diameter of replacement tree shall be provided for every one inch diameter of significant tree to be
replaced; and

c. An approved tree retention plan shall be modified, to reflect any changes made pursuant to subsection a and b:
and

6. Maintenance. The following provisions apply to significant trees where applicable:

a. All significant trees shall be maintained for the life of the project;

b. All significant trees shall be pruned and trimmed as necessary to maintain a healthy growing condition or to
prevent primary limb failure. This requirement shall not be interpreted to allow:

(1) Topping of primary stems;

(2) Pruning that results in the loss of 20 percent of vegetative mass, and All 03231
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(3) Cutting of major roots, except in preparation for transplantation or as deemed necessary and/or acceptable
by a certified arborist; and

c. With the exception of dead, diseased or damaged trees specifically retained to provide wildlife habitat; other

dead, diseased, damaged or stolen plantings shall be replaced within three months or during the next planting
season if the loss does not occur in a planting season.

C. The development standards set forth in paragraph B shall not be applied to institutional development proposals that
consist of one or more of the following uses:

1. Government services listed in K.C.C. 21A.08.060,

2. Educational services listed in K.C.C. 21A.08.050,

3. Parks as listed in K.CC. 21A.08.1M0 when located adjacent to an existing or proposed school, or

4. Libraries listed in K.C.C. 21A.08.040.

Ordinance
12823

Effective Date

August 18, 1997

AR 032313 ....
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FLOODPLAIN DENSITY SDO

Special District Overlay, SO-230
(Effective August 18. 1997)

Condition Text

Floodplain Density.

A. The purpose of the floodplain density special district overlay is to providea means to designate areas that cannot
accommodate additional density due to severe flooding problems.This district overlay limits development in sensitive areas
to reduce potential future flooding.

B. The following development standards shall be applied to all developmentproposals on RA-5zoned parcels located within a
floodplain density special districtoverlay:

1. Density is limited to one home per 10acres for any propertythat is located within a sensitive area; and

2. All development shall be clusteredoutside of the identifiedsensitive areas, unless the entireparcel is a mapped
sensitive area.

Ordinance12823
Effective Date August 18, 1997
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KING COUNTY, WASHINGTON

SURFACE WATER DESIGN MANUAL

REFERENCE 3
CRITICAL DRAINAGE AREAS-

REQUIREMENTS

:i i! EFFECTWE DATE

None desi_lnated at this time.
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4A Landscape Management Plan Guidelines
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REFERENCE 4-A
Guidelines for preparing a landscape management
plan
Landscape management plans have the potential to significantly reduce the pollutant load washing off
managed green spaces. For this reason, landscape management plans that incorporate key pollution prevention
elements and which are consistently implemented can be used in lieu of water quality treatment facilities (see
Section 1.2.8). Submittal requirements for obtaining an approved landscape nmnagernent plan are given in
Chapter 2.

GENERAL CONSIDERATIONS
Studies of pollutanttransporthave consistently shown that forested lands consistently produce lower pollutant
loads---of solids, phosphorus and metals--than do lands used for residential, industrial or agricultural
purposes. "Loading" refers to the total weight of a pollutant leaving a particular area or site. It is measured by
determining both the concentration of a pollutant and the amount of flow leaving a site. Since the Puget Sound
area was largely forested before settlement, lakes and streams in the area have developed biotic regimes in
response to this low pollutant loading---clear, cool waters supporting salmon and other aquatic life. When the
input of pollutants increases, lakes and streams often shift to a more biologically productive mode, often with a
concomitant loss of clear water and a shift or even a decline in fish species.

When forests are converted to cities, this increase in pollutant load needs to be managed in order to maintain
the beneficial uses of lakes and streams. One way to manage pollutants is to treat stormwater before it enters a
water body. Biofiltration swales, wetponds and sand filters, as well as other facilities, can be used to provide
this treatment. Another approach to manage pollutant loads is to prevent the pollutants from entering
stormwater in the first place.

•Our best models on how to keep nutrients and pollutants from entering storm water are from the original,
unaltered landscape--4he forests. Forests have a soft, absorptive duff layer, as well as dense vegetative
cover, especially near the ground surface. Nutrients are provided in the form of slow-release organic
materials, or leaves, needles and woody material. Rainfall runoff is greatly reduced from the levels seen in
developed landscapes. These factors help to keep the total load of nutrients and sediments transported to
receiving waters low.

ELEMENTS OF A SUCCESSFUL LANDSCAPE
MANAGEMENT PLAN
Good planning, tailored to the specific conditions of the site, as well as good follow-through, are both essential
in controlling the pollutants generated when forests arereplaced with lawns, gardens or other landscape
features. This section will focus on planning. Follow-through, or implementation, will be discussed in the
next section.

I. PLAN CONTENTS

A landscape management plan for any particular site works best if developed with the specific site
characteristics in mind. Soil type, slope, exposure, depth to groundwater as well as the particular suite of
plants chosen for the site all should help direct the specific make-up of the plan. However, there are some
basic principles that all sites should consider in order to be successful in controlling the export of soil or

1998SurfaceWaterDesignManual AR 032333 9/1/98
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organic matter, fertilizers and pesticides in stormwater runoff. Landscape management plans should address
each of the general principles given in Table 1, tailoring them to fit the specific site situation.

Each of the five basic principles is expanded upon in the following section. The recommendations discussed
under each principle are intended as a framework for a variety of site situations, from individual homes to large
parks and golf courses. Thus, not every landscape management plan may be able to apply each of the listed
recommendations. In addition, landscapes are managed for different purposes, some more formal than others.
It may be that some recommendations will not be appropriate for very formal sites and thus not adopted, in
favor of other management practices that better fit the uses for which the site is intended. In the end, the extent
to which a landscape management plan is successful depends on the ability of the practices chosen to retain
soil, fertilizers and pesticides on the site and away from water resources throughout the entire year.

Table I Basicprinciplesto reducepollutanttransportfromlandscapedareas

1 Minimizebare soilareas

2 Reduce water demand

3 Reduce extentof turfarea--manage remainingturf for low-impact

4 Chooseplantswithsustainabilityinmind

5 Manage fertilizerand pesticideusewisely

Principle I Minimize bare soil areas _-

Bare soil areas are one source of solids that can be mobilized and carried downstream by rainfall. Minimizing
bare soil areas makes it less likely that solid particles will be dislodged by rainfall. Some pointers on how to
manage landscapes to minimize bare soil are given below.

a) Establish dense plantings of pest-resistant groundeover to shade out weeds. Some easy-care
recommendations are rock rose (Cistus sp.), snowberry (Symphoricarpus alba), salal (Gaultheria
shallon) and kinnickinick (Arctostaphylos uva-ursi).

b) If bare soil areas are required, as in plant beds or ball diamonds, surround the bare area with an area of
grass or groundeover to filter out solids that may be picked up by stormwater runoff.

• The denser the grass or groundcover, the better it works to capture solids in runoff.

• Try to make the filtering area as level as possible. Avoid low spots, where runoff can concentrate
and create channels.

• In general, filter areas should be about one-fourth as long (along the flow path) as the area
contributing low, assuming that slopes are gentle (less than about 10 percent). For fiat, level areas
without dips, this length can be reduced.

c) Repair promptly bare patches in lawns or groundcovers that could contribute solids to stormwater
runoff.

d) Don't place bark or loose mulch on slopes where it can be carried to stormdrains.

AR 032334
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Principle 2 Reduce water demand

Reducing the need for irrigation reduces the potential movement of pollutants, conserves water and saves
money.

a) Use drought tolerant or native vegetation.

b) Install underground irrigation systems timed to water at night or drip irrigation systems.

c) Increase the organic content of soils to improve water-retention capability.
d) Allow for longer water retention by terracing sloped areas.

Principle 3 Reduce turf area and manage remaining turf for low-impact

Turf requires care to look good. In addition to mowing, turf areas typically require water, fertilizer and weed
and disease control. However, some practices can reduce or minimize the amount of chemical controls
needed.

a) Amend soil with organic matter to a depth of 8 -12 inches before the lawn is established. Till the
organic matter into the native soil.

b) Decide if all lawn area needs the same level of upkeep: let some areas have a less formal look if
possible, and reduce fertilizer and pesticide use in those areas.

c) Rely on irrigation and lawn aeration as the primary tools to maintain healthy turf.

d) Remove thatch each year to increase water penetration to grass roots and reduce runoff.

e) Plant groundcovers rather than grass in shady areas. Turf grasses usually need at least partial sun to
remain vigorous.

Principle 4 Choose plants with sustainability in mind

Plants differ in their ability to cope with different soils, rainfall conditions, pest and diseases and
microclimates. Choosing resilient plant species, plants with adaptations for particular environments or creating
optimal microenvironments are all techniques that can be used to create landscapes that require less
intervention. Less watering and less need for pesticide and fertilizer application means less potential for
pollutants to leave the site.

a) Choose disease resistant plants.

b) Choose drought-resistant groundcovers, shrubs and trees in areas with poor soil or little shading.

c) Group plants in clusters with tree, shrub and groundcover layers to create a better micro-environment
and to supply organic matter back to the soil.

d) Include plants in the landscape that are important for beneficial insects such as parasitic wasps. If
beneficial insects have nothing to sustain them, they won't stick around to control pests when you
need them.

e) Use dense plantings or close spacing to shade out weeds rather than herbicides.

f) Use plants with fibrous roots on steep slope or erosion-prone areas. Some good choices include:
• New Zealand flax (Phormium penax)
• Ornamental grasses, lawn grasses
* Rock rose (Cistus sp.)
• Rosa rugosa AR 032335
• Salmonberry (Rubus spectabilis) - native

1998SurfaceWaterDesignManual 9/1/98
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• Snowberry (Symphoricarpus alba)-- native

g) Use wetland plants in areas with seeps or a high water table.

h) Attend to installation details. Write enforceable planting specifications that include details such as
soil preparation, plant spacing, plant condition and size, planting depth, transplant handling and
irrigation. Inspect the job during planting to prevent short cuts such as blowing the soil mixture
around root bails rather than digging the roots into mended native soils.

Principle 5 Manage fertilizer and pesticide use wisely

Many landscape plants and turf simply won't do well without fertilization and some amount of pest
management. It's therefore important for landscape management plans to address when and how these actions
will be taken.

a) Keep plants healthy by building healthy soil using composted organic material. Healthy plants can better
resist diseases and insect pests.

b) Tailor fertilizer make-up to lawn needs. Adjust application rate and timing of fertilizer applications to
avoid carry-off in storm runoff.

c) Reduce the phosphorus (P) concentration in fertilizers when possible by using a low phosphorous
formulation or formulations containing only nitrogen or potassium. Added phosphorus is often not needed
for health foliage growth, only for encouraging profuse blooms.

d) Use an integrated pest management approach to control pests. Keep current about non-chemical controls
as a fast-defense against pests.

e) Encourage a diverse insect community in your landscape: Beneficial insects can help control pests,
especially pests of trees and shrubs.

f) Target pesticide application to the specific pest of concern. Avoid pesticide "mixes" targeting generic
problems (such as weed and feed) unless you actually need each of the formulations for a current problem.

g) Only apply pesticides during the life-stage when the pest is vulnerable.

h) Use fungicides very sparingly--they disrupt the base of aquatic food webs. If you need to use fungicides,
spray formulations with faster break-down times. Consult a golf course management text for information
on the attributes of various fungicides (and other pesticides). Balough and Walker, 1992, Golf course
management and construction by Lewis Publishers is one source of information.

i) Tolerate some weeds.

References

"Weed management for lawns and gardens." Washington Toxics Coalition Fact Sheet, 1989.

"Least toxic lawn management." The BioIntegrai Resource Center (BIRC), P.O. Box 7414, Berkeley, CA
94707

Washington State Cooperative Extension publications on lawn care, Bulletin Office, Cooperative Extension,
Cooper Publication Building, Washington State University, Pullman, WA 99164-5912

Selected tittles include: "Turf grass diseases" and supplement (EB0713 and EB0713S); "European
crane fly"(EB0856); "Fertilizer guide: western Washington" (FG0041); "Disease control in home
lawns" (EB0938); "Home lawns" (EB0482).

AR 032336

9/1/98 1998SurfaceWaterDesignManual
4



KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

- H PLAN IMPLEMENTATION

A landscape management plan, no matterhow good, will not reducepollutants in runoff if it is not
implemented. And implementation often means that the plan needs to be modified over time, since as plants
grow and as the cycle of pests change, the original plan may not fit the site. The following must be addressed
before a landscape management plan can be approved.

1. Identify who will be responsible for assuring the management plan is carried out.
2. Identify how the applicant will assure that grounds crews or homeowners have the training and/or

resources required to implement the plan and keep up to date on advances in landscape care practices
and products.

3, Agree to keep records of fertilizer and pesticide application, including rate of application, area treated
and disposal or storage of residue.

4. Agree to certify each year that the landscape management plan for the project in question has been
carried out, and that needed amendments or updates have been made.

5. Provide the plan to County maintenance or inspection personnel on request
6. Agree to pay an annum fee (based on time expended) to allow the County to administer the

certification process, including review of plans, tracking of information, periodic field inspections and
sampling.

- AR 032337
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BIBLIOGRAPHY OF
SUPPORTING STUDIES & RESEARCH

Several studies, issue papers and reports were prepared by King County Surface Water Management (SWM) Division
staff and consultants in support of the 1996 revisions to this manual. This section presents a bibliography of these
documents which are available from the SWM Division.

FLOW CONTROL ISSUE PAPERS

Director's Briefing - Summary of Key Issues to the King County Surface Water Design Manual Update. Rick Schaefer, R.W.
Beck and Associates; Linda Holden, Jeff Stern, King County Surface Water Management. September, 1993. Briefing paper
presenting an overview of proposed changes in flow control, water quality and the review process. Each section establishes
the need for a change, evaluates options for implementing the change, recommends an option, and discusses effects of the
recommendation.

Comparison of Current and Proposed Detention Standards. Linda Holden, Jeff Stern, King County Surface Water
Management. September, 1993. Comparison of current and proposed peak and duration standards, in terms of peak flow
increases, flooding frequency, and impacts to resources.

Detention Issue Paper. Malcolm Leytham, Northwest Hydraulic Consultants; Linda Holden, Kelly Whiting, King County
Surface Water Management. April, 1994. Provides an overview of proposed detention-related changes, including:

_ * comparison of alternative design techniques - Discusses advantages and disadvantages of various hydrological models
including the "Y&W" method, SCS/SBUH 24-hour event method, SCS 7-day event method, HSPF Version 10, and
HSPF Runoff Files.

• components of design - Discusses use of various models for design of conveyance systems, R/D facilities and other
miscellaneous hydraulic structures, with emphasis on applicability of KCRTS.

• impact analysis - Presents impacts on detention sizing for several development ease studies, comparing SBUH 24-hour
method and KCRTS for a variety of detention performance standards.

The "Runoff Files" Implementation of HSPF. Malcolm Leytham, Northwest Hydraulic Consultants; Linda Holden, Kelly
Whiting, King County Surface Water Management. April, 1994. Provides details on the Runoff Files method, including
principles and background, application of runoff files for facility design, and responses to some common questions and
conceruS.

Retention/Detention Standards: Benefits and Limits in King County Basins. Rhett Jackson, Derek Booth, King County
Surface Water Management. July, 1993. A discussion on the range of R/D standards available, the role of management
objective and design methodology on their effectiveness, and fundamental limitations of onsite R/D on a basin-wide scale.
Includes a comparison of KCRTS and SBUH standards and effectiveness.

Rationale For a "ThreshoM of Concern'" in Stormwater Release Rates. Derek Booth, King County Surface Water
Management. March, 1993. Discusses selection of "50% of the 2-year storm" as the lower threshold for duration control for
stream protection detention standards.

A Comparison of 7-Day and 24-Hour Detention Pond Design Standards - The Consequences oflnadequate Detention.

Rhett Jackson, King County Surface Water Management. August, 1992. A comparison of the effectiveness of 1990 Design
Manual 24-hour SBUH ponds and SBUH 7-day ponds ("Barker method") as specified in the East Lake Sammamish Basin
Plan, including effects on stream channels, water quality, stream and wetland habitats, and proposed capital improvement
projects.
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WATER QUALITY ISSUE PAPERS
Incentives analysis offive case studies. Gaynor Landscape Axchitechs/Designers, Inc. September, 1992. Five case
studies exploring better ways to integrate stormwater facilities into sites--emphasis is on aesthetic enhancements.

The selection and sizing of treatment BMPs in new developments to achieve water quality objectives. 1993. Prepared
by Gary Minton, Resource Planning Associates with the assistance of Herrera Environmental Consultants and R.W.
Beck. A summary of the literature and some original analysis related to the size and performance of water quality
facilities.

Water quality thresholds decision paper. Louise Kulzer, King County Surface Water Management, April 15, 1994.
Explores the need to revise the 5,000 square pollution-generating impervious surface foot threshold used to trigger
water quality facilities. Roof runoff quality explored. Summaries stormwater from a number of local studies in Table
1.

High use/Oil control decision paper. Jennifer Gaus, King County Surface Water Management. October, 1994.
Examines the intensity of vehicle use and other "high use" land uses which would generate a concentration of oil in
stormwater treatable via oil/water separators. Based on assumptions of uniform oil loss per vehicle. Redevelopment
water quality controls also discussed. Identifies land use types affected and benefits of better oil control.

Water quality credits decision paper. Sheryl Corrigan, John Heal, Louise Kulzer. King County Surface Water
Management. November, 1994. Identifies actions that reduce pollutant loading and presents example cases to show
effect of source reduction versus stormwater treatment on annual phosphorus loading.

WATER QUALITY BENCH TESTS & MODELING STUDIES
Oil leachate tests for various adsorbantfilter media. Randy Brake, King County Surface Water Management. May,
1994. Presents results of bench tests exploring the release of oil into water from six oil absorbant media once oil
saturated. Developed a standardized testing protocol.

Infiltration and pollutant removal characteristics of a proposed sand filter configuration. John Koon, King County ....
Surface Water Management. May 1994. DRAFF, revision write-up expected November 1995. Presents results of
infiltration plugging potential and pollutant removal (TSS, turbidity & TP) from sand column tests using mortar sand.
Silty alluvial Duwamish valley sediments used to determine plugging potential.

Sand Filter sizing and costing. Linda Holden, King County Surface Water Management. May, 1995. Extensive
exploration of the effect of various sandfilter design parameters and criteria on facility size using the KCRTS model.
Summary of options & recommendation, supported by spreadsheets detailing results of various options.

Infiltration, hydraulic conductivity and pollutant removal characteristics of sand filter materials. John Koon, King
County Surface Water Management, March, 1995. Field Notes. Report expected November, 1995. Sand column tests
expanded and modified to determine hydraulic conductivity in addition to infiltration rate. Pollutant removal (TSS,
turbidity, TP) of various fast and slow draining sands.

Sandfilter sand specifications. John Koon, King County Surface Water Management. June 16, 1995 Memo to Louise
Kulzer. Documents sand mixes examined and logic for the sand specification recommended, including vendor
availability.

OTI-IFR ISSUE PAPERS AND STUDIES

King County Surface Water Design Manual Update - Cost Analysis. Bruce Johnson, King CountySurface Water
Management. December, 1995. Assessment of costs associated with proposed flow control and water quality changes.

Infiltration Issue Paper. Steve Foley, King County Surface Water Management. April, 1994. Summarizes and discusses
recent changes to portions of the manual dealing with infiltration, including revisions intended to increase the use of
infiltration, provide increased water quality protection, and improve the functioning of infiltration facilities.

Temporary Erosion and Sedimentation Control Decision Paper. Thor Tyson, King County Surface Water Management. _J
November, 1993. Discussion and recommendations on recently implemented TESC issues, including maintenance standards,

AR 032341
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TESC contact persons, wet season requirements and extensions, performance standards, stream and wetland protection and
BMP revisions.

Summary of Proposed Changes to the Variance Process. Amy Carlson, Don Althauser, King County Surface Water

Management. February, 1994. Discussion of changes proposed to the variance process with the goals of increasing flexibility
and predictability and reducing review time and costs.

Shared Surface Water Facilities. Matrix Management Group. May, 1994. Outlines a proposal to provide developers with
the option of constructing shared surface water detention and treatment facilities as an alternative to currently required on-site
facilities, including a discussion on financing options.

Application of Surface Water Control to Roadways. Rick Schaefer, R.W. Beck and Associates. December, 1992. Identifies

provisions of the current Design Manual that fail to address design challenges inherent in linear (roadway) projects, and
recommends alternative methods of surface water quantity and quality control.
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DESIGN IVIETHODS

6A EPA Infiltration Rate Test

6B Pond Geometry Equations
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REFERENCE 6-A
FALLING HEAD PERCOLATION TEST
PROCEDURE

Source: EPA, Onsite Wastewater Treatment and Disposal Systems, 1980.

Number and Location of Tests

A minimum of three tests shall be performed within the area proposed for an absorption system.
They shall be spaced uniformly throughout the area. If soil conditions are highly variable, more

• tests may be required.

Preparation of Test Hole

The diameter of each test hole is 6 inches, dug or bored to the proposed depths of the absorption
systems or to the most limiting soil horizon. To expose a natural soil surface,-the sides of the hole
are scratched with a sharp pointed instrument and the loose material is removed from the bottom

of the test hole. Two inches of V2-to ¾-inch rock are placed in the hole to protect the bottom from
scouring when the water is added.

Soaking Period

The hole is carefully fdled with at least 12 inches of clear water. The depth of water should be
maintained for at least 4 hours and preferably overnight if clay soils are present. A funnel with an
attached hose or similar device may be used to prevent water from washing down the sides of the
hole. Automatic siphons or float valves may be employed to automatically maintain the water
level during the soaking period. It is extremely important that the soil be allowed to soak for a
sufficiently long period of time to allow the soil to swell if accurate results are to be obtained.

In sandy soils with little or no clay, soaking is not necessary. If, after filling the hole twice with 12
inches of water, the water seeps completely away in less than ten minutes, the test can proceed
immediately.

AR 032344
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Measurement of the Percolation Rate

Except for sandy soils, percolation rate measurements are made 15 hours but no more than 30 -
hours after the soaking period began. Any soil that sloughed in to the hole during the soaking
period is removed and the water level is adjusted to 6 inches above the gravel (or 8 inches above
the bottom of the hole). At no time during the test is the water level allowed to rise more than 6
inches above the gravel.

Immediately after adjustment, the water level is measured from a fixed reference point to the
nearest 1/16th inch at 30-minute intervals. The test is continued until two successive water level

drops do not vary by more than 1/16 inch within a 90-minute period.

After each measurement, the water level is readjusted to the 6-inch level. The last water level drop
is used to calculate the percolation rate.

In sandy soils or soils in which the first 6-inch of water added after the soaking period seeps away
in less than 30 minutes, water level measurements are made at 10-minute intervals for a 1-hour

period. The last water level drop is used to calculate the percolation rate.

Calculation of the Percolation Rate

The percolation rate is calculated for each test hole by dividing the time interval used between ....
measurements by the magnitude of the last water level drop. This calculation results in a
percolation rate in terms of minutes/inch. To determine the percolation rate for the area, the rates
obtained from each hole are averaged. (If tests in the area vary by more than 20 minutes/inch,
variations in soil type are indicated. Under these circumstances, percolation rates should not be
averaged.)

Example: If the last measured drop in water level after 30 minutes is 5/8-inch, then:

Percolation rate = (30 minutes)/(5/8 inch) = 48 minutes/inch.

AR 032345
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Reference Section 6-B

PondGeometryCalculations _ ]o _" 4,/'_,_._
I' Lo Y-0

<Known>

Volume (V)

Side Slope (Ss)
Length-to-Width Ratio (R) o

<Find>

Bottom Area of Rectangular Pond

<Solution>

Y = depth of section measured from bottom, from zero to D
We= width at pond bottom

_ The pond width (W) at any depth, Y

W r =W o+2Ss Y Eq. 1

The pond length (L) at any depth, Y

L r =RW o +2SsY Eq. 2

The pond area at any depth, Y

a r =LrW r =(RW o +2SsY)(W o +2SsY ) Eq. 3

or,

A r =RWo 2 +(R+I)2WoSsY+4S_Y 2 Eq. 4

The equation for the pond-full volume (V) is obtained by integrating between Y=0
and Y=D

- AR 032346
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V= f (RW 2 +(R+I)2WoSsY +4SffY 2 ):IY Eq. 5
o

or,

I
or,

4S2D3
V=RDWo 2 +Ss D2 (R+l)Wo +'_ s Eq. 7
Where

V = Volume of rectangular pond R = Length-to-width ratio
D = Depth Ss= Side Slope
W0= Bottom width

Rearrange equation to solve for Wo using quadratic equation, 0 = ax 2 + bx + c

o-_Wo_+ssD2(R+l)Wo+4 _z)33Ss -V Eq. 8

-b+_/b 2 -4ac
Use Quadratic Equation to solve for positive solution of Wo, x = 2a

-SsD2(R+I)+I[SsD2(R+I)]2-4RDI3S2D3-V 1
W° = 2RD Eq. 9

Use Equation 2 for Length of pond at Y--0,
L o = RW o

Use Equation 3 for Area of pond at Y=0,

A o = LoW o = RW 2

AR 032347
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REFERENCE 7
ENGINEERING PLAN SUPPORT

7A King County Standard Map Symbols

7B Standard Plan Notes and Example
Construction Sequence
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KING COUNTY
STANDARDPLAN NOTES

Standard plan notes must be included on all plans. At the applicant'sdiscretion,noteswhichinno way
applyto the projectmaybe omitted;however,the remainingnotesmustnotbe renumbered. Forexample,
if General Note#3 were omitted,the remainingnotesshouldbe numbered1,2, 4, 5, 6, etc.

GENERAL NOTES

1. Allconstructionshallbe inaccordancewiththe KingCountyCode(KCC), KingCountyRoad Standards
(KCRS), andthe KingCountyCouncil'sconditionsof preliminarysubdivisionapproval. It shallbe the
sole responsibilityof the applicantandthe professionalcivilengineerto correctany error,omission,or
variationfromthe aboverequirementsfoundintheseplans. Allcorrectionsshallbe at noadditional
costor liabilityto KingCounty.

2. The designelementswithintheseplanshavebeen reviewedaccordingto the KingCountyDepartment
of DevelopmentandEnvironmentalServices(DDES) EngineeringReviewchecklist. Some elements
may have beenoverlookedor missedbythe DDES planreviewer. Anyvariancefromadopted
standardsis notallowedunlessspecificallyapprovedbyKingCountypriorto construction.

3. Approvalof thisroad,grading,anddrainageplandoes notconstitutean approvalof anyother
construction(e.g., domesticwaterconveyance,sewerconveyance,gas, electrical,etc.).

4. Beforeanyconstructionor developmentactivity,a preconstructionmeetingmustbe held betweenthe
DDES LandUse InspectionSection,theApplicant,andtheApplicant'sConstructionRepresentative.

5. A copyof these approvedplansmustbe onthejob site wheneverconstructionis inprogress.

6. Constructionnoiseshallbe limitedinaccordancewithKingCounty Code(Section12.88); normally,this
is
7 a.m. to 10 p.m. onweekdaysand9 a.m. to 10 p.m. onweekends.

7. Itshallbe theApplicant's/Contractor'sresponsibilityto obtainallconstructioneasementsnecessary
before initiatingoffsiteworkwithinthe roadright-of-way.

8. Franchisedutilitiesor otherinstallationsthatare notshownon theseapprovedplansshallnotbe
constructedunlessan approvedsetof plansthat meetsallrequirementsof KCRS Chapter8 is
submittedto the DDES LandUse InspectionSectionthreedayspriorto construction.

9. Datumshallbe NAVD 1988 unlessotherwiseapprovedbyDDES.

10. Groundwatersystem constructionshallbewithina right-of-wayor appropriatedrainageeasement, but
notunderneaththe roadwaysection. Allgroundwatersystemsmustbe constructedin accordancewith
SectionB1 3.02 of the APWA StandardSpecifications.

11. All utilitytrenchesshallbe back'filledandcompactedto 95 percentdensity.

12. All roadwaysubgradeshallbebackfilledand compactedto 95 percentdensity (WSDOT 2-06.3).

13. Open cuttingof existingroadwaysis notallowedunlessspecificallyapprovedby DDES and notedon
these approvedplans. Anyopencutshallbe restoredinaccordancewithKCRS 8.03(B)3.

14. The Contractorshallbe responsiblefor providingadequatesafeguards,safetydevices,protective
equipment,flaggers,andany otherneededactionsto protectthe life,health,and safety of the public,
andto protectpropertyinconnectionwiththe performanceof workcoveredbythe contractor.Anywork
withinthe traveledright-of-waythatmay interruptnormaltrafficflow shallrequireat leastone flaggerfor
each lane oftrafficaffected. Section1-07.23, =TrafficControl,"of the WSDOT StandardSpecifications
shallapplyin its entirety.

1998SurfaceWaterDesignManual AR 03235 1 9/1/981
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DRAINAGE NOTES

1. Proof of liabilityinsuranceshallbe submittedto DDES priorto the preconstructionmeeting(KCC
9.04.100.D).

2. Allpipe and appurtenancesshallbe laidon a propedypreparedfoundationinaccordancewithWSDOT
7-02.3(1). This shallincludelevelingand compactingthe trenchbottom,the top of the foundation
material, andany requiredpipe beddingto a uniformgradeso thatthe entire pipeis supportedbya
uniformlydenseunyieldingbase.

3. Steel pipe shallbe galvanizedand have asphalttreatment#1 or better insideandoutside(KCRS7.03).

4. Alldrainagestructures,suchas catch basinsand manholes,not locatedwithina traveled roadwayor
sidewalkshallhavesolidlockinglids. Alldrainagestructuresassociatedwitha permanent
retention/detentionfacilityshallhavesolidlockinglids(KCRS7.05).

5. All catchbasingratesshallconformto KCRS drawingnumbers2-013, 2-018, 2-019, or 2-020, and shall
includethe stamping"OUTFALLTO STREAM, DUMP NO POLLUTANTS"and "Propertyof King
County"(KCRS 7.05).

6. AlldrivewayculvertslocatedwithinKingCountyright-of-wayshallbe of sufficientlengthto providea
minimum3:1 slopefromthe edge of the drivewayto the bottomof the ditch. Culvertsshallhave
beveledendsectionsto matchthe side slope(KCRS7.03(L), DrawingNo. 2-001).

7. Rockfor erosionprotectionof roadwayditches,whererequired,mustbe of soundquarryrock,placedto
a depthof I foot,and mustmeetthe followingspecifications:4"-8"./40-70%passing;2"- 4" rocld30-40%
passing;and2" minusrock/10-20% passing. Installationshallbe inaccordancewithKCRS 7.02(B),
DrawingNo. 2-024.

8. Drainageoutlets(stub-outs)shallbe providedforeach individuallot,except for those lotsapprovedfor --_
infiltrationby KingCounty. Stub-outsshallconformto the following:

a) Eachoutletshallbe suitablylocatedat the lowestelevationon the lot,soas to serviceall future
roofdownspoutsand footingdrains,driveways,yarddrains,andany othersurfaceor subsurface
drainsnecessaryto renderthe lotssuitablefortheir intendeduse. Eachoutletshallhave
free-flowing,positivedrainageto an approvedstormwaterconveyancesystemor to an approved
outfalllocation.

b) Outletson each lotshallbe locatedwitha five-foot-high,2" x 4" stake marked "storm"or
"drain'. The stub-outshallextendabove surfacelevel,be visible,and be securedto the stake.

c) Pipe materialshallconformto underdrainspecificationsdescribedin KCRS 7.04; If
non-metallic,the pipe shallcontainwireor otheracceptabledetection.

d) Drainageeasementsare requiredfor drainagesystemsdesignedto conveyflowsthrough
individuallots.

e) The Applicant/Contractoris responsiblefor coordinatingthe locationsof all stub-out
conveyancelineswith respectto utilities(e.g., power,gas, telephone,television).

f) All individualstub-outsshallbe privatelyownedandmaintainedbythe lot homeowner.

EROSION AND SEDIMENT CONTROL NOTES

1. Approvalof thiserosionand sedimentcontrol(ESC) plandoes not constitutean approvalof permanent
roador drainagedesign(e.g., size and locationof roads,pipes,restrictors,channels,retentionfacilities,
utilities,etc.).

AR 032352
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2. The implementationof these ESC plansandthe construction,maintenance,replacement,and
upgradingof these ESC facilitiesis the responsibilityof the applicant/ESCsupervisoruntilall
constructionis approved.

3. The boundariesof the clearinglimitsshownonthisplan shallbe clearlyflaggedbya continuouslength
of surveytape (orfencing, if required)priorto construction.Duringthe constructionperiod,no
disturbancebeyondthe clearinglimitsshallbe permitted. The clearinglimitsshallbe maintainedbythe
applicantJESCsupervisorforthe durationof construction.

4. The ESC facilitiesshownon thisplanmustbe constructedpriorto or inconjunctionwithall clearingand
gradingsoas to ensurethatthe transportof sedimentto surfacewaters,drainagesystems,and
adjacentpropertiesis minimized.

5. The ESC facilitiesshownon thisplan arethe minimumrequirementsfor anticipatedsiteconditions.
Duringthe constructionperiod,these ESC facilitiesshallbe upgradedas neededfor unexpectedstorm
eventsandmodifiedto accountfor changingsiteconditions(e.g., additionalsumppumps,relocationof
ditchesandsiltfences, etc.).

6. The ESC facilitiesshallbe inspecteddailyby the applicant/ESCsupervisorandmaintainedto ensure
continuedproperfunctioning. Writtenrecordsshallbekept of weeklyreviewsof the ESC facilities
duringthewet season (Oct.1 to Apdl30) andof monthlyreviewsduringthedry season(May 1 to Sept.
30).

7. Anyareas of exposedsoils,includingroadwayembankments,that willnot bedisturbedfortwo days
duringthe wet seasonor sevendaysduringthe dryseasonshallbe immediatelystabilizedwiththe
approvedESC methods(e.g., seeding,mulching,plasticcovering,etc.).

8. Anyarea needingESC measuresnotrequiringimmediateattentionshallbe addressedwithinfifteen
(15) days.

9. The ESC facilitieson inactivesitesshallbe inspectedandmaintaineda minimumof oncea monthor
withinforty-eight(48) hoursfollowinga stormevent.

10. At notime shallmorethan one (1) footof sedimentbeallowedto accumulatewithina catchbasin. All
catch basinsandconveyancelinesshallbe cleanedpriorto paving. The cleaningoperationshallnot
flushsediment-ladenwaterintothe downstreamsystem.

11. Stabilizedconstructionentrancesandroadsshallbe installedat the beginningof constructionand
maintainedfor the durationofthe project. Additionalmeasures,suchas washpads,may be requiredto
ensurethat all pavedareas are kept cleanfor the durationofthe project.

12. Anypermanentflowcontrolfacilityusedas a temporarysettlingbasinshallbe modifiedwiththe
necessaryerosioncontrolmeasuresandshallprovideadequatestoragecapacity. If the facilityisto
functionultimatelyas an infiltrationsystem,the temporaryfacilitymustbegradedsothat the bottomand
sidesare at leastthree feetabovethe finalgradeof the permanentfacility.

13. Where straw mulchfor temporaryerosioncontrolis required,it shallbe appliedat a minimumthickness
of 2 to 3 inches.

14. Priorto the beginningof the wetseason(Oct. 1), alldisturbedareas shallbe reviewedto identifywhich
onescan beseeded in preparationfor the winterrains. Disturbedareasshallbeseeded withinone
week of the beginningof the wetseason. A sketchmap ofthoseareasto beseeded andthoseareas
to remainuncoveredshallbe submittedto the DDES inspector.The DDES inspectorcan require
seedingof additionalareas inorderto protectsurfacewaters, adjacentproperties,ordrainagefacilities.

AR 032353

1998SurfaceWaterDeaignManual 9/1/98
3



KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

STRUCTURAL NOTES

1. These plans are approvedfor standardroadand drainageimprovementsonly. Plansfor structures ....
such as bridges,vaults,and retainingwallsrequirea separatereviewand approvalbyDDES priorto
construction(KCC 16.04. 16.70, 14.20).

2. Rockeriesare consideredto be a methodof bank stabilizationanderosioncontrol. Rockeriesshallnot
be constructedto serve as retainingwalls. All rockeriesinCountyroadright-of-wayshallbe
constructedinaccordancewithKCRS drawingnumbers5-004, 5-005, 5-006, and 5-007. Rockeries
outsideof roadright-of-wayshallbe constructedin accordancewiththe UniformBuildingCode.

RECOMMENDED CONSTRUCTION SEQUENCE

1. Pre-constructionmeeting.
2. Flag orfence clearinglimits.
3. Postsign withname andphonenumberof ESC supervisor.
4. Installcatch basinprotectionif required.
5. Grade and installconstructionentrance(s).
6. Installperimeterprotection(siltfence, brushbarrier,etc.).
7. Constructsedimentpondsandtraps.
8. Grade and stabilizeconstructionroads.
9. Constructsurfacewater controls(interceptordikes,pipeslopedrains,etc.) simultaneouslywithclearing

and gradingfor projectdevelopment.
10. Maintainerosioncontrolmeasures inaccordancewith KingCountystandardsand manufacturer's

recommendations.
11. Relocatesurfacewatercontrolsand erosioncontrolmeasuresor installnew measuresso that as site

conditionschangethe erosionandsedimentcontrolis alwaysinaccordancewiththe KingCounty
Erosionand SedimentControlStandards.

12. Cover allareas that willbe unworkedfor morethan sevendaysduringthe dryseason ortwo days
duringthe wet seasonwithstraw,woodfibermulch;compost,plasticsheetingor equivalent.

13. Stabilizeall areas that reach final gradewithinseven days.
14. Seed or sodany areas to remainunworkedfor morethan 30 days.
15. Upon completionof the project,all disturbedareas mustbe stabilizedandbmpsremovedif appropriate.

AR 032354
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REFERENCE 8
PLAN REVIEW FORMS AND
WORKSEFEETS

8A TechnicalInformationReport(TIR) Worksheet

8B OffsiteAnalysisDrainageSystemTable

8C FlowControlandWater QualityFacilitySummary
Sheetand Sketch

8D BondQuantitiesWorksheet

8E MaintenanceandDefect Agreement

8F Declarationof Covenant

8G DrainageReleaseCovenant

8H DrainageEasements

81 ExampleForestedOpen Space Covenant

8J AdjustmentApplicationFormand ProcessGuidelines

8K DedicationandIndemnificationClause -
FinalRecording
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King County Department of Development and.Environmental Services

TECHNICAL INFORMATION REPORT ('FIR)WORKSHEET

Part 1 PROJECT OWNER AND Part 2 PROJECT LOCATION AND
PROJECT ENGINEER DESCRIPTION

Project Owner Project Name

Address Location

Township

Phone Range

Project Engineer ............. Section

Company

Address/Phone

Part3 _PEOF PERMIT
Part4 OTHER R_IEWSAND PERMITS

AP:PUCATION

Subdivison DFW HPA ShorelineManagement

ShortSubdivision COE 404 Rockery

Grading DOE Dam Safety StructuralVaults

._ Commercial FEMA Floodplain Other

Other COEWetlands

Part 5 SITE.COMMUNITY AND DRAINAGE BASIN

Community

DrainageBasin

Part 6 SITE CHARACTERISTICS

River Floodplain

Wetlands

Stream Seeps/Springs

CdticalStream Reach HighGroundwaterTable

Depressions/Swales GroundwaterRecharge

Lake Other
Steep Slopes

AR 032357



Part7 SOILS

SoilType Slopes ErosionPotential ErosiveVelcoties -

AdditionalSheetsAttached

Part8 DEVR OPMENT LIMITATIONS

REFERENCE LIMITATION/SITE CONSTRAINT

Ch. 4 -Downstream Analysis

AdditionalSheetsAttached

!Part9 ESC REQUIREMENTS .... '
i i i

MINIMUM ESC REQUIREMENTS MINIMUM ESC REQUIREMENTS
DURING CONSTRUCTION AFTER CONSTRUCTION

SedimentationFacilities Stabilize ExposedSurface

StabilizedConstructionEntrance Removeand RestoreTemporaryESC Facilities

PerimeterRunoffControl Clean and RemoveAllSilt and Debris

ClearingandGraing Restrictions EnsureOperationof PermanentFacilities

Cover Practices Flag Limitsof SAO andopen space
preservationareas

ConstructionSequence

Other Other

AR 032358



Part 10 SURFACE WATER SYSTEM

Methodof AnalysisGrass Lined Tank Infiltration
Channel

Vault Depression
Compensation/Mitigati

Pipe System EnergyDissapator FlowDispersal on of EliminatedSite
Open Channel

Wetland Waiver Storage
DryPond

Stream Regional
Wet Pond Detention

BriefDescriptionof SystemOperation

FacilityRelated Site Limitations
Reference Facility Limitation

Part 11 STRUCTURAL ANALYSIS Part 12 EASEMENTS/TRACTS

Cast in Place Vault DrainageEasement

RetainingWall AccessEasement

Rockery> 4' High NativeGrowthProtectionEasement

Structuralon Steep Slope Tract

Other Other

Part 13 SIGNATURE OF PROFESSIONAL ENGINEER

I or a civilengineerundermy supervisionmy supervisionhavevisitedthe site. Actualsite
conditionsas observedwere incorporatedintothisworksheetandthe attachments. To the best of
my knowledgethe informationprovidedhere is accurate.

Signed/Date

AR 032359
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REFERENCE 8-B

OFFSITE ANALYSIS
DRAINAGE SYSTEM TABLE

AR 032360
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STORMWATER FACILITY SUMMARY SHEET

Development Date

Location

ENGINEER DEVELOPER
Name Name

Finn Firm
Address Address

Phone Phone

Developed Site: Acres Number of lots

Number of detention facilities on site: Number of infiltration facilities on site:

ponds _ ponds
vaults _ vaults
tanks tanks

Flow control provided in regional facility (give location)
No flow control required Exemption number

Downstream Drainage Basins
Immediate Major Basin

Basin A
Basin B

Basin C
Basin D

Number & type of water quality facilities on site:
biofiltration swale (regular/wet/or _ sand filter (basic or large?)
continuousinflow?) _ sandfilter,linear(basicorlarge?)
combineddetemion/WQpond _ sandfiltervault(basicorlarge?)

(WQ portionbasicorlarge?)
combined detention/wetvault _ stormwater wetland

compost filter _ wetpond (basic or large?)
filter strip _ wetvault

flow dispersion
farm management plan
landscape management plan

oil/water separator (baffle or coalescing plate?)
catch basin inserts: Manufacturer.

pre-settling pond
pre-settling structure: Manufacturer.
flow-splitter eatclibasin

DESIGN INFORIVIATION INDIVIDUAL BASIN

A B C D

Water Quality design flow
Water Quality treated volume or wetpond Vr

1998 SurfaceWater Design Manual AR 032364 9/,/98
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DESIGN TOTAL INDIVIDUAL BASIN
INFORMATION, cont'd

! Drainage basin(s) A B C D ....
Onsite area

Offsite area

Type of Storage Facility
Live Storage Volume

Predeveloped Runoff Rate 2-year
10-year
100-year

Developed runoff rate 2-year
10-year

100-year
Type of restrictor

i

Size of orifice/restriction No. 1
No. 2

No. 3
No. 4

FLOW CONTROL & WATER QUALIFY FACILITY SUMMARY SI-I_h-ZFSKETCH

All detention, infiltration and water quality facilities must include a sketch per the following criteria:

1. Heading for the drawings should be located at the top of the sketch (top right-hand comer).
The heading should contain:
• North arrow (point up or to left) • D9#
• Plat name or short plat number • Address (nearest)

• Date drawn (or updated) • Thomas Brothers page, grid number

.__y

2. Label CBs and MHs with the plan and profile designation. Label the control structure in writing or abbreviate
with C.S. Indicate which structures provide spill control.

3. Pipes-- indicate:
Pipe size
Pipe length
Flow direction

Use s single heavyweight line
4. Tanks- use a double, heavyweight line and indicate size (diameter)
5. Access roads

• Outline the limits of the road

• Fill the outline with dots if the road is gravel. Label in writing if another surface.
6. Other Standard Symbols:

• Bollards:• ••• ••••

• Rip rap oooooo
OOOOOO

Fences --,---.---.--.---.---.--
• Ditches -D--"_D'--'_D---'_'D

7. Label trash racks in writing.

8. Label all streets with the actual street sign designation. If you don't know the actual street name, consult the plat
map.

9. Include easements and lot lines or tract limits when possible.

10. Arrange all the labeling or writing to read from left to right or from bottom to top with reference to a properly
oriented heading.

11. Indicate driveways or features that may impact access, maintenance or replacement.

AR 032365
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REFERENCE 8-D
BOND QUANTITIES WORKSHEET

AR 032366
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-_-TJ_ King County Page I of 2

MAINTENANCEAND DEFECTAGREEMENT(TwoYears) ApprDcant'sName and Address

Forpubic roadsand drainage fac_ies

Agreement Number ProjectNumberand Name

Guarantee Amount SiteLocation/section

ThisAGREEMENTis made and entered into this day of 19 , between the King County
Department of Transportation, Road Services Division, hereinafter called the COUNTY,and the above named
APPUCANT,hereinafter called APPUCANT.

Basisfor AGREEMENT:

WHEREASthe undersignedAPplICANThas consJTuctedpublic roads and/or drainage facilities in connection with
the above-referenced project;and

WHEREASthe APPLICANThasagreed to securethe successfulmaintenance and operation of said improvementsfor
the referenced projectspursuantto KingCounty Ordinance 12020and KingCounty Code 1]tie14and 19;

NOW THEREFORE,the APPLJCANThereby agrees and bindsitselfand it'slegal representatives,successors,and assigns
as follows:

nsof the AGREEMENT:

I. The improvementsconstructed by the APPLICANTor hisrepresentative shallsuccessfullyoperate and shall remain
free of defects in design, workmanship, materials, and design for a period of two years from the date of satisfactory
completion of the improvements or final plat approval, whichever is later. As used in this AGREEMENT,the term
"defects" includes but isnot limited to, damage resulting from construction activities and/or use during the two year
period.

2. The APPUCANTis responsible for maintenance of the public road and drainage facilities, including the roadway
surface for the two year period from the date of satisfactory construction approval or final plat approval, whichever
islater.

3. In the event of any failure of the improvements to satisfactorily operate or in the event of a defect in design,
workmanship or materials, the APPUCANTshall promptly and adequately repair and/or correct the failure or defect.

4. The COUNTYwill perform maintenance inspections during the two year period.

5. During the two year period upon notification by the COUNTY,the APPUCANTshall correct and/or make repairs to the
right-of-way improvements within the time period specified by the COUNTY when defects in the design,
workmanship, or materials occur.

6. In the event the COUNTYdetermines that repairs must be performed immediately to prevent risk to person(s) and
property, the COUNTYmay make necessary repairs and the costs of those repairs shall be paid by the APPUCANT
upon demand.

7. TheAPPUCANTshallpay all required fees in accordance with King County Code.

8. At the end of the two year period, the APPUCANTshall clean the drainage system prior to the COUNTY'sfinal
inspection.

AR 032377



King County Page 2 of 2 _

Agreement Number ProjectNumberand Name [

9. If, at the conclusionof the two year period, KingCounty, at itssolediscretion, determines that the improvements are
not adequately maintained, the APPUCANTshallperform prompt maintenance to the COUNTY'ssatisfaction. In the
event thismaintenance isnot performed withinthe time periodspecifiedby the COUNTY,the COUNTYwillinvoke the
enforcement and Notice and Order processesfound inK.C.C.23.12.

10. Anyfailure by the APPUCANTto comply with the termsof thisAGREEMENTina timelymanner shallconstitutedefault.
Anyaction or inaction by KingCounty followingany defauff inany term orcondition of thisAGREEMENTshallnot be
deemed to waive any rightsof KingCounty pursuantto thisAGREEMENT.

1I. TheAPPUCANTshallindemnify and hold the COUNTYand i_sagents, employees and/or officersharmlessfrom and
shallprocessand defend at it'sown expense all claims,damages, suitsat law or equity, actions, penalties, losses,or
costsof whatsoever kind or nature, brought against the COUNTYarisingout of, inconnection with, or incident to the
execution of this AGREEMENTand/or the APPUCAN?sperformance or failure to perform any aspect of the
AGREEMENT.Provided, however, that if such claims are caused by or resultfrom concurrent negligence of the
APPUCANTand the COUNTY,it'sagents, employeesand/or officers,thisprovisionshallbe valid and enforceable only
to the extent of the negligence of the APPUCANT,and provided further, that nothing herein shall require the
APPUCANTto hold harmlessordefend the COUNTYfTornany claim arisingfrom the solenegligence of the COUNTY's
agents, employees and/or officers.

12. In the event that any party deems it necessary to institutelegal action or proceedings to enforce any right or
obligationunder thisAGREEMENT,the partieshereto agree that any suchaction or proceeding shallbe brought ina
court of competent jurisdictionsituated in King County, Washington. -,

Relearn Requirement¢ ThisAGREEMENTshallremain in full force and effect and shall not be released until all termsof this
AGREEMENThave been completed to the satisfactionof the KingCounty Road Engineeror his/herdesignee.

INWITNESSTHEREOF,the partieshereto have executed thisAGREEMENTas of the day and year firstabove written.

APPUCANT

By ]]fie Date

Received for King County By Date

2 year _ ancl Defect Agreement.(_oc ,k.ey20, 19_

AR 032378
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After Recording return to:

DECLARATION OF COVENANT

IN CONSIDERATION of the approved King County

permit for application No.

relating to the real property described as follows:

The undersigned as Grantor(s), declares that the above

described property is hereby subject to an easement for a natural or

constructed conveyance system and hereby dedicates, covenants and

agrees as follows:

I. King County shall have the right to ingress and egress over

those portions not contained in Exhibit "A" to access such easement

area for inspection of and to reasonably monitor the performance,

operational flows, or defects in accordance with and [as presented

in King County Code Section 9.04.120].

2. If King County determines that maintenance or repair work is

required to be done to the system, the Manager of the Water and Land

Resources Division of the King County Department of Natural

Resources shall give notice of the specific maintenance and/or

repair work required pursuant to K.C.C 9.04.030. The Manager shall

also set a reasonable time in which such work is to be completed by

the Grantor(s), its heirs or assigns. If the above required

maintenance or repair is not completed with the time set by the

Manager, the County may perform the required maintenance or repair.

Written notice will be sent to the Grantor(s) stating the County's

intention to perform such maintenance. Maintenance work will not

1 AR 032380



commence until at least seven (7) days after such notice is mailed. _

If, within the sole discretion of the Water and Land Resources

Division Manager, there exists an imminent or present danger, said

seven (7) day notice period will be waived and maintenance and/or

repair work will begin immediately.

3. If at any time King County reasonably determines that any

existing retnetion/detention system creates any of the conditions

listed in K.c.c. 9.04.030 and herein incorporated by reference, the

Water and Land Resources Division Manager may take measures

specified therein.

4. The Grantor(s) shall assume all responsibility for the cost

of any maintenance and for repairs to the system. Such

responsibility shall include reimbursement to the County within

thirty (30) days of the receipt of the invoice for any such work

performed. Overdue payments will require payment of interest at the

current legal rate as liquidated damages. If legal action ensues, _

the prevailing party is entitled to costs or fees

5. The Grantor(s) is (are) hereby required to obtain written

approval from the Water and Land Resources Division Manager of the

King County Department of Natural Resources prior to filling,

piping, cutting, or removing vegetation (except in routine landscape

maintenance) in open vegetated drainage facilities (such as swales,

channels, ditches, ponds, etc.), or performing any alterations or

modifications to the drainage facilities contained within said

drainage easement. Any notice or consent required to be given or

otherwise provided for by the provisions of this Agreement shall be

effective upon personal delivery, or three (3) days after mailing by

Certified Mail, return receipt requested.

6. This agreement constitutes the entire agreement between the

parties, and supercedes all prior discussions, negotiations, and all

agreements whatsoever whether oral or written.
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This covenant is intended to protect the value of desirability

of the real property described above, and shall insure to the

benefit of all the citizens of King County, and shall be binding on

all heirs, successors and assigns.

OWNER

OWNER

STATE OF WASHINGTON )

COUNTY OF KING ) ss.

On this day personally appeared before me:

, to me known to be the

individual(s) described in and who executed the within and foregoing
instrument and acknowledged that they signed the same as their free

and voluntary act and deed, for the uses and purposes therein
stated.

Given under my hand and official seal this day of
• 199

NOTARY PUBLIC in and for the State of

Washington, residing at

My Commission Expires:
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After Recording return to:

DRAINAGE RELEASE COVENANT

This agreement made this day of , 19 ,

, hereinafter called the

GRANTOR(s), and KING COUNTY, a political subdivision of the State Of

Washington, hereinafter called the GRANTEE, and whereas the GRANTOR

represents and warrants that it is the owner in fee of that certain

parcel of land, described as follows:

and whereas the GRANTEE is implementingan approved drainage plan

for the project known as , permit

no. , on lands located at the above

description, which said plan shall divert surface and storm waters

from their natural course and cause them to flow (onto)/(away from)

the lands of GRANTOR; NOW THEREFORE in consideration of either

GRANTEE approval of diversion of said plan and/or other valuable

consideration, receipt of which is hereby acknowledged, the GRANTOR

hereby willfully acknowledges, agrees and consents to the diversion

of surface and storm waters (onto)/(away from) its lands and to hold
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and release GRANTEE harmless for any damage that may becaused by

such diversion of flow. This release shall be a covenant running

with the land and shall be binding upon the GRANTOR, its heirs,

successors and assigns forever.

IN WITNESS THEREOF, the parties hereto have hereunto set their
hands:

GRANTOR

GRANTOR

STATE OF WASHINGTON )
COUNTY OF KING ) ss.

On this day personally appeared before me:

, to me known to be the

individual(s) described in and who executed the within and foregoing
instrument and acknowledged that they signed the same as their free
and voluntary act and deed, for the uses and purposes therein
stated.

Given under my hand and official seal this day of
, 199

NOTARY PUBLIC in and for the State of

Washington, residing at
My Commission Expires:

AR 032385
2



KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

KING COUNTY, WASHINGTON

SURFACE WATER DESIGN MANUAL

REFERENCE 8-H
DRAINAGE EASEMENTS

AR 032386

1998 SurfaceWater Design Manual 9/1/98



After Recording return to:

DRAINAGE EASEMENT

For a valuable consideration, receipt of which is hereby

acknowledged, the GRANTOR(s),

the owner(s) in fee of that certain parcel of land, described as

follows:

!

hereby grant and convey a(an) [exclusive/non-exclusive] easement

(attached and incorporated as Exhibit "A") to King County, a

political subdivision of the State of Washington, (GRANTEE) for the

purpose of conveying, storing, managing and facilitating storm and

surface water per an engineering plan approved by King County for

the project known as:

l

together with the right for King County to reasonably [ingress and

egress to] enter said drainage easement for the purpose of

inspecting, operating, maintaining, repairing and improving the

drainage facilities contained herein. Note that except for

facilities which have been formally accepted for maintenance by King

1 AR 032387



County, maintenance of drainage facilities on private property is

the responsibility of the property owner. -

The GRANTOR(s) of said parcel is (are) required to obtain prior

written approval from the Water and Land Resources Division of the

King County Department of Natural Resources prior to filling,

piping, cutting or removing vegetation (except for routine landscape

maintenance such as lawn mowing) in open vegetated drainage

facilities (such as swales, channels, ditches, ponds, etc.), or

performing any alterations or modifications to the drainage

facilities, contained within said drainage easement.

This easement is intended to facilitate reasonable access to

the drainage facilities. It is binding upon the GRANTOR(s), its

heirs, successors and assigns.

GRANTOR

GRANTOR

STATE OF WASHINGTON )

COUNTY OF KING ) ss.

On this day personally appeared before me:

to me known to be the

individual(s) described in and who executed the within and foregoing
instrument and acknowledged that they signed the same as their free

and voluntary act and deed, for the uses and purposes therein
stated.

Given under my hand and official seal this day of
, 199

NOTARY PUBLIC in and for the State of

Washington, residing at

My Commission Expires: AR 032388
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PRIVATE DRAINAGE EASE_n_T

For a valuable consideration, receipt of which is hereby

acknowledged, the GRANTOR (s) ,

the owner(s) in fee of that certain parcel of land, described as

follows :

r

hereby grants and conveys a drainage easement (as shown on the

attached Exhibit _A") for the purpose of conveying or storing storm

and surface water per an engineering plan, a political subdivision

of the State of Washington, for the project known

as:

together with the right for King County to enter said drainage

easement for the purpose of observing that the owner(s) are properly

operating and maintaining the drainage facilities contained within.

The owner(s) of said parcel are responsible for operating,

maintaining and repairing the drainage facilities contained within

said drainage easement, and are hereby required to obtain written

approval from the Water and Land Resources Division of the King

County Department of Natural Resources prior to filling, piping, or
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cutting or removing vegetation (except for routine landscape -

maintenance such as lawn mowing), in open vegetated drainage

facilities (such as swales, channels, ditches, ponds, etc.), or

performing any alterations or modifications to the drainage

facilities, contained within said drainage easement.

The covenants herein contained shall run with the land and are

binding upon the GRANTOR(s), its heirs, and all subsequent owner(s)

thereof, forever.

IN WITNESS THEREOF, the said GRANTOR(s) hereto have hereunto

set their hands:

GRANTOR

GRANTOR

STATE OF WASHINGTON)
COUNTY OF KING )ss

On this day personally appeared before me:
to me known

to be the individual(s) described in and who executed the within and
foregoing instrument and acknowledged that they signed the same as
their free and voluntary act and deed, for the uses and purposes
therein stated.

Given under my hand and official seal this day of
, 19.

NOTARY PUBLIC in and for the State

of Washington, residing at
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EXAMPLE FORESTED OPEN-SPACE COVENANT

IN CONSIDERATION OF the approved King County residential building permit for

application No. relating to real property legally described as follows:

The undersigned as Grantor(s), declares that the above described property is

hereby established as a native growth retention area for the purpose of dispersing and

treating stormwater flows and is subject to restrictions applying to vegetation removal

in all designated areas shown in Attachment A, and hereby covenants and agrees as

follows:

1) Any alterations to sensitive areas and their buffers shall be pursuant to King

County Code 21.A.24.

2) The remaining property outside of the sensitive areas and their buffers,

residences, roadways, drainage facilities, drainfield areas, lawns and pastures

shall be maintained in a forested condition. The following activities are

allowed:

a) On slopes which have been disturbed by human activity or infested by

noxious weeds, replacement with appropriate native species or other

appropriate vegetation.

b) Construction of private trails, provided that they are guided by construction

and maintenance standards in the US Forest Service "Trails Management

Handbook" (FSH 2309.18, June 1987, as amended) and "Standard

Specifications for Construction of Trails" (EM-7720-102, June 1984, as

amended); but in no case shall trails be constructed of concrete, asphalt or

other impervious surface which would contribute to surface water runoff

unless such construction is necessary for soil stabilization or soil erosion

prevention.

1998SurfaceWaterDesignManual AR 032392 9/1/98
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c) Limited trimming and pruning of vegetation for the creation and maintenance

of views per 21.A.24310.D.4.

d) Replacement of individual trees with native trees on a limited basis. Forested

hydrologic conditions and soil stability shall be maintained.

This easement/restriction is binding upon the GRANTOR(s), its heirs, successors and

assigns unless or until a new drainage or site plan is reviewed and approved by the

Department of Development and Environmental Services or its successor.

GRANTOR

GRANTOR

STATE OF WASHINGTON )

COUNTY OF KING ) ss.

On this date, personallyappearedbeforeme:

, to me known to be

the individual(s)described in and who executed the within and foregoing instrument and acknowledged that they
signed the same as their free andvoluntaryact and deed, for the uses andpurposesthereinstated.

Given undermy hand and official seal this day of
,199

NOTARY PUBLIC in andfor the Stateof
Washington,residing at
My CommissionExpires:

AR 032393 _.
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ProjectName: DDESFileNo. DDE8 Enginer/RannerName:

ProjectAddress: DesignEngineer:.

Applicant Signature: Date:

Signature: Date: EngineeringFirmName:

Address: City,State,Zip: Address: City,State,Zip:

INSTRUCTIONSTOAPFUCANT/DESIGNENGIN_
Pleasebesuretoincludeallplans,sketches,photos,andmapswhichmayassistinc=mpletereviewandconsiderationofthisadjuslment
request.Failuretoprovideallpertinentinformationmayresultinde_yedprocessingordenialofyourrequest.Pleasesubmitthisreouestand
allaz_licablefeetotheIntakeCounteratDDES,900OakesdaleAvenueSouthwest,Renton,WA98055-1219.ForacldtJonalinformation,
phone29_600.

I I I I IIII I II IIIIII III II I II I I

DESCRIPTIONOFADJUSTMENTREQUEST: 0 Standard0 Complex0 Expe_ental0 Blanket0 Pre-application

API_ SECTION(S)OFSTANDARDS:

JUSTIRCATION(seeattachments,pages to ):

AUTHORIZATIONSIGNATURES:

DDESDirector/DesigneeDetermination:

I_lApproval _1ConddJonalApproval(seebelow) [_1Denial

[_1DNR-WLRApprovalSigned: Date: (Experimental&Blanketadjustmentsonly)

COFDB'K]_OFN:TTL'OV/_

[_1Seeattachedmemodated:

DOES,L=dUseSmcesDiVsio_Ermem_Re,ice_ DOES.ado.Se,v._.. Si=E,-meng&F'mrq Surem=r.

._ Signed: Date: Signed: Date:

ORIGINAL:DDESRe-White[ ] COPIESTO."DNR-WLRDivision.Pink[] DDESIns_ [ ] Applicant.Gddenrod[ ] Design-Engineer.Green[ ]
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REFERENCE 8-J

ADJUSTMENT PROCESS GUIDELINES

1.0 PREAPPLICATION ADJUSTMENT PROCESS

This process is used when the applicant needs an adjustment decision to determine if a
project is feasible or the results are needed to determine if a project is viable before funding
a full application. Preapplication adjustment requests will be accepted when 1) an issue is
raised or a potential constraint is identified at a preapplication conference with DDES, and
2) sufficient engineering information to evaluate the request is provided. A higher
preapplication adjustment fee will apply to these requests, and any unused adjustment fee
will be credited towards the permit application fee.

Steps in the processing of a preapplication adjustment shall include:

• A DDES preapplication conference is scheduled at which the applicant provides
justification that a decision on the adjustment will effect viability of the project. An
example could include a need to divert flows due to a downstream problem.

- ,, King County may request additional information and site visits due to the limited data
and lack of prior project review.

• A preapplication deposit is required and fee for review will be an hourly rate billing
applied against the deposit. Any unused fees could be returned to the applicant. Any
fees in excess of the deposit must be paid prior to the issuance of a decision.

• For approved preapplication adjustment, the applicant can apply that approval to the
applied for permit proposal provided conditions of the approval are met, the proposal has
not substantially changed and the applicable regulations have not changed. This will be
determined by DDES.

The criteria for granting a preapplication adjustment are the same as for a Standard or
Complex adjustment. However, preapplication adjustments will be tied by condition to the
project proposal resented at the preapplication meeting. The appeal process is also the same
as for a Standard adjustment or a Complex adjustment. This approval will expire 1 year
after the approval date, unless a complete permit application is submitted and accepted.
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2.0 EXPERMII_NTAL DESIGN ADJUSTMENT PROCESS

This process is used for proposing new designs or methods different from those in the
manual, that are not site specific, and where data sufficient to establish functional
equivalence does not exist. Experimental design proposals will be submitted to DDES for
processing review and recommendations and forwarded to DNR for review. These
adjustments will incur a special review fee as adopted in the King County DDES fee
ordinance. Experimental adjustments should be submitted prior to development permit
application since they may take longer than a typical adjustment to review.

Upon approval of the adjustment by the DNR Division Manager, the application can use the
design or method in a development proposal without applying for a site-specific adjustment.
This type of adjustment is provided to encourage innovation on the part of the development
community. It also can expedite the review and development of alternative designs for
incorporation in furore Manual updates.

Steps in the application for an Experimental Design Adjustment will include:

• The application for adjustment is preferably submitted prior to engineering plan review
due to the extended review period that may occur. However, it may occur at any
permit stage prior to final plan approval. If the review time is to exceed the time
outlined in Section 1.4, staff will provide an estimate of the additional time necessary
to complete the review within 10 working days of submittal of the adjustment.

• Review will follow the Standard or Complex adjustment procedure. DDES may
forward to DNR without a recommendation.

• DDES will proces s and bill the applicant.

• Justification supporting comparable performance of the proposed system to a standard
design is required. Where uncertainty or lack of supportive literature or performance
testing exists, monitoring may be applicable with joint participation and funding
between King County and the applicant.

Only a limited number of experimental adjustments for a particular facility or method will be
granted. If the design proves successful, DNR and DDES may establish a blanket
adjustment for the design until such time as it can be incorporated in the Design Manual by
formal update. The appeal process is also the same as for a Standard adjustment or a
Complex adjustment.
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3.0 FEE REDUCTION

This process is used for adjustments that are determined to meet either of the conditions A or
B identified below. The DDES Director or designee shall be responsible for making the
determination for a fee reduction.

A. Minor adjustment requests that are defined as issues requiring no engineering review to
determine appropriateness. These include:

• New or revised standard specifications for engineering and construction which are
cited in the Manual (e.g., APWA standard specifications for public works
construction, WSDOT standard specifications),

• Minor design alternatives that meet the stated intent in the Manual,

• Identified errors in the Manual.

B. Blanket Adjustments (See Reference Section 10-A Blanket Adjustments, for approved
Blanket Adjustments).

AR 032398
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Dedication and Indemnification Clause - Subdivision

KNOW p,l.l. PEOPLE BY THESE PRESENTS that we, the undersigned owners of interest in the land
hereby subdivided, hereby declare this plat to be the graphic representation of the subdivision made
hereby, and do hereby dedicate to the use of the public forever all streets and avenues not shown as
private hereon and dedicate the use thereof for all public purposes not inconsistent with the use thereof
for public highway purposes, and also the right to make all necessary slopes for cuts and fills upon the
lots shown thereon in the original reasonable grading of said streets and avenues, and further dedicate to
the use of the public all the easements and tracts shown on this plat for all public purposes as indicated
thereon, including but not limited to parks, open space, utilities and drainage unless such easements or
tracts are specifically identified on this plat as being dedicated or conveyed to a person or entity other
than the public, in which case we do hereby dedicate such streets, easements, or tracts to the person or
entity identified and for the purpose stated.

Further, the undersigned owners of the land hereby subdivided, waive for themselves, their heirs
and assigns and any person or entity deriving title from the undersigned, any and all clairns for damages
against King County, its successors and assigns which may be occasioned by the establishment,
construction, or maintenance of roads and/or drainage systems within this subdivision other than claims
resulting from inadequate maintenance by King County.

Further, the undersigned owners of the land hereby subdivided, agree for themselves, their heirs
and assigns to indemnify and hold King County, its successors and assigns, harmless from any damage,
including any costs of defense, claimed by persons within or without this subdivision to have been
caused by alterations of the ground surface, vegetation, drainage, or surface or sub-surface water flows
within this subdivision or by establishment, construction or maintenance of the roads within this

subdivision. Provided, this waiver and indemnification shall not be construed as releasing King County,
its successors or assigns, from liability for damages, including the cost of defense, resulting in whole or
in part from the negligence of King County, its successors, or assigns.

This subdivision, dedication , waiver of claims and agreement to hold harmless is made with the
free consent and in accordance with the desires of said owners.

IN W1TNESS WHEREOF we set our hands and seals.

Name Name

Name Name

Name Name

State of Washington
County of

I certify that I know or have satisfactory evidence that

- Signed the instrument and acknowledged it to be..(his/her) free and voluntary act for the uses and
purposes mentioned in the instrument.

1998 Surface Water Design Manual AR 032400 9/x/98
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Dedication and Indemnification Clause - Short Subdivision

KNOW ATJ. PEOPLE BY THESE PRESENTS that we, the undersigned owners of interest in the land
hereby short subdivided, hereby declare this short plat to be the graphic representation of the short
subdivision made hereby, and do hereby dedicate to the use of the public forever all streets and avenues
not shown as private hereon and dedicate the use thereof for all public purposes not inconsistent with the
use thereof for public highway purposes, and also the right to make all necessary slopes for cuts and fills
upon the lots shown thereon in the original reasonable grading of said streets and avenues, and further

dedicate to the use of the public all the easements and tracts shown on this plat for all public purposes as
indicated thereon, including but not limited to parks, open space, utilities and drainage unless such

easements or tracts are specifically identified on this plat as being dedicated or conveyed to a person or
entity other than the public, in which case we do hereby dedicate such streets, easements, or tracts to the
person or entity identified and for the purpose stated.

Further, the undersigned owners of the land hereby short subdivided, waive for themselves, their
heirs and assigns and any person or entity deriving title from the undersigned, any and all claims for
damages against King County, its successors and assigns which may be occasioned by the establishment,
construction, or maintenance of roads and/or drainage systems within this short subdivision other than
claims resulting from inadequate maintenance by King County.

Further, the undersigned owners of the land hereby short subdivided, agree for themselves, their
heirs and assigns to indemnify and hold King County, its successors and assigns, harmless from any
damage, including any costs of defense, claimed by persons within or without this short subdivision to
have been caused by alterations of the ground surface, vegetation, drainage, or surface or sub-surface ....
water flows within this short subdivision or by establishment, construction or maintenance of the roads
within this short subdivision. Provided, this waiver and indemnification shall not be construed as

releasing King County, its successors or assigns, from liability for damages, including the cost of
defense, resulting in whole or in part from the negligence of King County, its successors, or assigns.

This subdivision, dedication, waiver of claims and agreement to hold harmless is made with the
free consent and in accordance with the desires of said owners.

IN WITNESS WHEREOF we set our hands and seals.

Name Name

Name Name

Name Name

State of Washington
County of

I certify that I know or have satisfactory evidence that

Signed the instrument and acknowledged it to be (his/her) free and voluntary act for the uses and
purposes mentioned in the instrument. --
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INDEX

A planting requirements • 6.44, 6-53
selection *6-5

Adjustments • 1-65 wet biofiltration swale design • 6-52
application process • 1-67 BMPs • See Best Management Practices
authority • 1-66 Bog Protection menu *See Sphagnum Bog Protection menu
criteria • 1-66 Bond quantities worksheet *2-16

experimental design • 1-66 Bridges *4.51
reconsideration procedure * 1-68 analysis methods *4-52
review process * 1-67 clearance requirements • 4-51
types of * 1-65 estimating mean annual flows • 4.52

Anchored plates • 6-32, 6-34 hydraulic analysis • 4.52
API oiFwater separators *See oiFwater separators, baffle

Area-specific flow control standards • See flow control standards C
Area-specific water quality menus • See water quality menus

Catch basin inserts • 6-135

applications * 6-137
design criteria * 6-137

Backwater Analysis method • 4-19 filter media *6-138
Backwater Calculation Sheet • 4-19, 4.22 maintenance considerations * 6-139
Backwater computer program menu options • 6-14

BWCHAN subroutine *4.62, 4-68 performance criteria *6-136
BWCULV subroutine • 4-41, 4.48, 4-62 schematic *6-140
BWPIPE subroutine * 4-19, 4-41, 4-48, 4-62 Channels • See open channels

Backwater condition • 4-59 Circular drains *4-20, 4.25

Baffle oil/water separators * 6-141 Closed depressions
analysis method *6-143 floodplain delineation *3-54
details • 6-151 infiltration rates • 3-51
vault structure • 6-148 offsite *3-51

Baffles • 5-43 onsite * 3-54

Base map • 2-20 special provision * 1-26, 3-50
Basic Water Quality menu • 1-52, 6-4 Coalescing plate separators • 6-141

threshold • 1-52 analysis method • 6-145

treatment goal * 1-52 details • 6-152
Basin plan stream protection areas * 1-32 horizontal plate area *6-146
Basin plans • 1-59 vault structure *6-148
Best Management Practices (BMPs) Combined stormwater facilities • 6-92

flow control • 5-13 combined detention/stormwater wetland * 6-93, 6-94

for reducing facility size * 5-17 combined detention/wetpond design • 6-92, 6-93
Binding site plans combined detention/wetvault design • 6-92, 6-94

final plan submittals • 2-29 details *6-96
plans required for drainage review • 2-4 menu options *6-5, 6-12
plans required with permit appfication * 2-5 Commercial projects

Biofllters • See bioflltration swales flow control exemptions • 5-14
Biofiltration facilities plans required for drainage review * 2-4

bioflltration swales • 6-37 plans required with permit application *2-6

filter strips * 6-56 Compost filters • See leaf compost filters
narrow area filter strips *6-64 Concrete sump boxes * 6-33, 6-35

Biofiltration swales Construction
access * 6-43, 6-53 wet season * 1-44

analysis • 6-38 within sensitive areas • 144
basic biofiltration swale design • 6-37, 6-41 Control structures *5-40
continuous inflow swale design • 6-55 access • 5-40
details * 6-49 analysis methods • 5-45

grassseed mixes • 6-45 flow restrictors *5-40, 5-42
groundcovers • 6-46 _ orifices • 5-40, 5-45
maintenance considerations • 6-47, 6-53 Conveyance sizing

menu options • 6-4 Rational Method 311
runoff computations • 3-10
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Conveyance systems • 4-1 ponds • 5-19
building/roadwayproblems • 3-49 safetyfactors• 3.47
composition • 1-40 tanks • 5-33
CoreRequirement#4 • 1-38 vaults• 5-37
design • 3-46 Detentionponds • 5-19
easementandsetbackrequirements• 4-3 access • 5-21
implementationrequirements• 1.40 access requirements• 5-22
nuisanceproblems• 1-20, 1-22, 1-26, 3.48 analysismethods • 5-32
pipes • 4-5 design criteria• 5-19
pump systems • 1.42 details • 5-28
requirementsfor existing systems • 1-39 embankments • 5-20
requirementsfornew systems • 1-38 emergencyoverflow • 5-21, 5-32
route design • 4-3 fencing • 5-22
safety factors • 3.47 in open space • 5-27
spill control provisions • 1-40 planting requirements• 5-24
TIR requirements• 2-14 setbacks• 5-23

Core requirements • 1-17 Detention tanks• 5-33
#1EDischarga at NaturalLocation • 1-17 access • 5-34
#2---Offsite Analysis • 1-19 analysismethods • 5-34
#3--Flow Control • 1-25, 5-13 designcriteria • 5-33
pA Conveyance System• 1-38, 5-40 details • 5-35
#5--Erosion and SedimentControl • 1.43 Detentionvaults • 5-37

#6---Maintenance and Operations• 1-46 access • 5-37
#7---Financial Guaranteesand Liability • 1.47 analysis methods • 5-38
#8---WaterQuality • 1-49 design criteria• 5-37

Covermeasures• 1.43 details • 5-39

Critical DrainageAreas • 1-10, 1-59 Development• 3.4
Culverts• 4-35 Directdischarge• 1-28

analysismethods • 4-37 DirectStepbackwatermethod• 4-60, 4-67
capacity• 4-3"I Dischargerequirements• 1-17
computerapplications• 4-41, 4-48 Ditches • See open channels
design criteria• 4-35 Downspoutdispersionsystems • 5-9
entranceloss coefficients • 4-40 Downspout infiltrationsystems • 5-5, 5-7
for fish passage/mitigation • 4-49 Downstreamanalysis • 1-19
headwater• 4-35, 4.-43 Level 1 • 2-5, 2-10, 2-11
inlet control • 4-38, 4-.42 Level 2 • 2-10, 2-12
inlet control analysis • 4-37 Level 3 • 2-10, 2-12
inlets and outlets • 4-36 runoffcomputations • 3-10
new • 1-38 scope of analysis • 2-10
outlet control • 4-42 Downstream problems• 1-20
outlet control analysis • 4-39 addressing• 1-31, 1-34, 3.48

Curbs conveyance system nuisance • 1-20, 3.48
interrupted• 6-33 mitigation • 1-22, 1-23, 1-26
through-curbports• 6-33 severeerosion • 1-21, 3.49

severe flooding • 1-21

D Drainagedesign • 1-15
Drainageeasements • 1.47

Damsafety compliance • 5-19 Drainagerequirements • See core requirementsand special
Datumcorrelations• 4-75 requirements
Debris barriers Drainage review • 1-3

culverts• 4-36 core requirements• 1-17
details • 4-15 determiningtype required • 1-7
pipe systems • 4-10 Full • 1-13

Declarationof covenant • 1-46 key definitions• 1-3
Detentionfacilities • 3.4, 3-36, 5-19 LargeSite • 1-13

combined facilities • 6-92, 6-96 otheragencies- 1-15
controlling peak flows • 3.43 plansrequired• 2-1, 2-3, 2.4, 2-7
design • 3-19 projectsrequiring• 1-6
flow control • 3.45 requirements• 18
hydrologic design * 3.43 Small Site * 1-9 :
manifold • 1-36 Targeted• 1-10
other options •5-51 -:-_
point of compliance • 3-51
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E Floodplain/floodwayanalysis*4-69
determiningflood flows * 4-71

Effective impervious fractions *3-26, 3-27, 3-28 floodwaydetermination* 4-72
Embankments* 5-20 majorflood hazard studies *4-70
Energy dissipaters *4-27 minorfloodplainstudies• 4-69
Engineeringplans • See also site improvementplans Floodplain/floodwaymap• 4-70

changes after permit issuance• 2-29 Floodplains
elements for Targeted Drainage Review *2-27 delineation• 3-54
final corrected plan submittal*2-29 Special Requirement#2 * 1-60
for drainage review * 2-7 Floodways

Equivalent area • 1-29 determination • 4-72
Erosion and sediment control • See ESC FEMA • 4-72

Erosion and sediment control plan • See ESC plan Special Requirement #2 • 1-60
Erosion problems zero-rise • 4-72

flow control • 1-26 Flow control
options for addressing *3-49 analysis methods * 1-35
resources * 2-10 Core Requirement #3 • 1-25
severe • 1-21 design *3.43, 5-1

ESC • See also Appendix D duration • 3.45
Core Requirement #5 * 1.43 exemptions * 1-27, 5-13
cover * 1.43 frequency• 3.45
implementation requirements • 1.44 implementation requirements • 1-35
measures * 1.43 land cover assumptions * 1-35
performance • 1-44 offsite rtmoffbypass • 1-36

ESC plan • 1-44, 2-24 onsite runoffbypass • 1-36
specifications *2-15 performanceevaluation• 3-45
TIR requirements* 2-15 runoffcomputations* 3-10

Extended detentionponds • See combinedstormwaterfacilities sizing credits forroof downspouts* 136
Flow controlareas• 1-25

F Level 1• 1-31Level 2 • 1-32

FEMA floodways • 4-72 Level 3 • 1-34
Filter fabric • See geotextile material Flow control BMPs • 5-13
Filter strips Flow control facilities • 5-I

analysis - 6-57 consolidation• 1-36
applications • 6-56 detention facilities • 5-19
basic filter strip design ° 6-56 experimental designs • 1-66
design criteria • 6-59 hydrologic design • 3.41
length • 6-65 infiltrationfacilities • 5-53
maintenanceconsiderations • 6-62 otherdetentionoptions• 5-51
menu options • 6.4 plan details° 2-23
narrow areafilter strip design * 6-64 privatelymaintained• 2-16
planting requirements • 6-60 TIR requirements ° 2-13

Filtrationfacilities • See mediafiltration facilities Flow controlstandards• 1-25, 1-26, 1-31, 3-5
Financialguarantees • 1--47 addressingdownstreamproblems • 1-31, 1-34
drainagedefectandmaintenance•1.47 durationsfor•3-32
drainage facilities restoration and site stabilization • 1.47 Level 1 • 1-31, 3-5

Fish habitat improvements • 4-29 Level 2 • 1-32, 3-5, 3-32
Fish passage • 4-49 Level 3 • 1-34, 3-5, 3-33
Flood flows • 4-71 ReducedLevel 1 • 1-31
Flood hazardstudies • 4-69 Flow dispersaltrenches • 4-31

majorstudies • 4-70 Flow durationcurve• 3-32, 3.45
minorfloodplain studies • 4-69 Flow durations
Special Requirement#2 • 1-60 analysis• 3-32, 3-34

Flood protectionfacilities • 1-61 point of compliance• 351
Flooding problems Flow frequencyanalysis • 3-30, 331

flow control • 1-26 Flow restrictors° 5-45

options for addressing• 3.49 baffles • 543
point of compliance •3-51 orifices•5.45
resources• 2-10 risers• 5.40, 5-50

severe* 1-21, 1-23 Tee sections. 5.42 032409
special provisionfor closed depressions• 1-26 weirs • 5.40, 5-44, 5-46 AR
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Flowsplitters•6-28 Infiltrationvaults•5-66,6-123
details•6-30 Inletcontrol•4-37,4-42
modified•6-28 Inletgrates•4-17 .....

Flow spreaders • 6-32, 6-34 lnterflow • 1-42
Forestproductionzone•1-33 Interruptedcurbs.6-33 "--
Forestedopenspace•5-14

flow controlexemption • 1-28 K
waterqualityexemption • 1-51

Full DrainageReview • 1-13 KCBWcomputerprogram• See Backwatercomputer program
plansrequired• 2-4 KCRTS• 3-9, 3-19
requirements• 1-8 Facility Sizing routine• 3-51

forconveyance system design • 3-46

(_ for detention/infiltrationdesign *3-43
for flow control design • 3-43

Gabion dissipaters• 4-33 for level pool routing* 3-39
Geomorphicallysignificant flow • 3-5 for sand filters • 6-101
Geotextile material*6.43, 6-109 for water level fluctuations• 3-39
Grass seed generatingtime series • 3-21

forbiofiltrationswales • 6-45 safety factors • 3-47
for stormwatertracts • 5-26 KCRTS/RunoffHies method • 3-9, 3-19

Grassyswales • See biofiltrationswales flow durationanalysis • 3-32
Groundwaterprotection• 1-51, 5-57 flow frequencyanalysis • 3-30

landcover types • 3-26
rainfallregions• 3-21, 3-22

m record types • 3-23

HEC-2computermodel (Corps)• 4-72 regional scale factors • 3-21, 3-22
High-Usemenu • 1-62, 6-14 runofffries° 3-19
High-usesite • 1-12, 1-62 soil groups• 3-24
HSPF• 3-9, 3-35 time series • 3-21
Hydrologicdesign • 3-41 time steps• 3-23
Hydrologicimpacts • 3-3 KingCountyBackwatercomputerprogram• See Backwater ....
Hydrologicmodeling computerprogram

continuousmodels • 3-6, 3-43 KingCounty RunoffTime Series • See KCRTS -j
event models • 3-6

requirementsof. 3-7 L
Hydrologic SimulationProgram-FORTRAN• See HSPF

Lake managementplans • 1-59
LakeProtectionmenu • See Sensitive LakeProtection menu

I Lakes• 3-54

Imperviousarea Landcovertypes•3-26
effective • 3-27 Landscapemanagementplans • 1-50, 2-26
non-effective • 3-27 Landscaping• 5-24

Impervious coverage • 3-27, 3-28 Northwestsavannahor meadow • 5-26
Infill projects• 1-30 open woodland• 5-25
Infiltration Landslide HazardDrainageAreas • 1-10, 1-32, 1-37

100-yearoverflow conveyance • 5-55 LargeSite DrainageReview • 1-13
groundwaterprotection• 5-57 plans required • 2-4
near steep slopes • 5-59 requirements• 1-8
near watersupplywells ° 5-59 Leaf compost filters
presettling• 5-56 design • 6-131
rates• 5-54 details • 6-133
soils • 5-53 maintenanceconsiderations• 6-132

spill control• 5-55 Level pool routing• 3-36, 3-39
Infiltrationbasins • 5-69 Liability• 1-47
Infiltration facilities • 5-53 Linearsandfilters • 6-126

constructionguidelines • 5-57 design • 6-128
plandetails • 2-23 details • 6-130
protectionfromupstreamerosion• 5-56 maintenanceconsiderations• 6-129
spill controldevice • 5-55 menu options• 6-14

Infiltrationponds• 5-60, 5-62 structure• 6-129
combined with sand filter• 6-115 _ Liners

Infiltrationtanks• 5-63, 5-65 design • 6-23
Infiltrationtrenches • 5-68 for waterqualityfacilities • 6-24
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low permeability • 6-23, 6-25 maintenance considerations • 6-150
treatment liners • 6-24, 6-26 menu options • 6-14

Low-flow drains • 6-42, 6-51 Onsite closed depressions • 3-54
Onsite runoff bypass • 1-36

m pointofcompliance•3-51
pointofcomplianceanalysis•3-52

Maintenance schematic•3-53

by KingCounty•1-46 Open channels•4-53

by privateparties°1-46 analysismethods•4-59
Majorfloodhazardstudies•4-70 capacity•4-59
Majorreceivingwaters°1-29 common sections•4-63

Manning'sequation•4-17 computerapplications•4-62

foropenchannels•4-59 constructed•4-53

n valuesforpipes•4-18 designcriteria•4-54
Master drainage plans • 1-59 Direct Step backwater method ° 4-60, 4-67
Media filtration facilities • 6-99 flow profile computation • 4-66

general requirements • 6-99 n values • 4-60
leaf compost filters • 6-131 natural • 4-53
linear sand filters • 6-126 new • 1-39
sand filter vaults • 6-120 preliminary sizing • 4-59
sand filters • 6-100 protection • 4-55

Metal materials • 6-17, 6-29 riprap design • 4-55

Minor floodplain analysis Standard Step backwater method • 4-62
of volume sensitive water bodies • 3-54 Open space • 5-27

Minor floodplain studies • 4-69 Operations and maintenance manuals * 2-16
Mitigation • See also offsite analysis Orifice sizing • 3-44

of downstream problems • 1-22 Outfall systems • 1-41, 4-27
of hydrologic effects * 3-4 design criteria *4-27
of offsite drainage problems ° 2-13 flow dispersal trenches • 4-31

Modular grid pavement ° 5-17 gabion dissipater ° 4-33
pipeJculvert discharge protection ° 4-30
rock protection • 4-28

_l tightLines • 4-27
Outlet control• 4-39, 4-42

Naturalistic planting • 5-25 Overflow structure • 5-30
Nomographs

inlet control • 4-37
outlet control • 4-39 I_

Notched curb spreaders • 6-33, 6-36
Parking lots

for detention • 5-51

O washing for oil control • 6-15
PDH • See Primary Design Hydrograph

O&M manuals •See operations and maintenancemanuals Peak flows ° 3-10, 3-43
Offsite analysis • See also downstream analysis Perforated stub-out connections • 5-11

Core Requirement #2 • 1-19 Permit application • 2-4, 2-5
exemptions • 1-19 Permits

existing/potential problems • 2-11, 2-12 Class IV Special Forest Practices • 145
TIR requirements ° 2-9

Offsite bypass • 3-51 KingCounty• 1-6
Offsite closed depressions ° 3-51 NPDES ° 1-45
Offsite runoff bypass • 1-36 Phosphorus credit • 67, 6-9
Oil control • 1-62 Pipe systems • 4-5
Oil control facilities • 6-135 alignment ° 4-7

baffle oil/water separators • 6-141, 6-143, 6-151 analysis methods • 4-17
catch basin inserts • 6-135 anchors • 4-10, 4-13

coalescing plate separators • 6-145, 6-152 backfill *4-12
sequence of facilities • 6-19 Backwater Analysis method • 4-19

Oil/water separators capacity • 4-17
access • 6-149 clearances • 4-9

applications • 6-141 compaction • 4-12
background • 6-142 connections • 4- I0
baffle separators* 6-141, 6-143, 6-151 debris barriers* 4-10, 4-15 AR 032411
coalescing plate separators • 6-145, 6-152 design criteria • 4-5
combined with wetvault • 6-84 detail drawings • 4-11
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Pipe systems (cont.) ResourceStreamProtectionmenu * 1-54, 6-10
joints *4-6 threshold* 1-54
materials *4-5 treatmentgoal * 1-55 --
new • 1-38 treatmenttrains *6-11

pipe cover • 4-9 Restrictordevices • See flow restrictors
pipe slopes • 4-7 Riprap
sizes*4-5,4-7 design *4-55
spillcontrol•4-10 gradation curve•4-58
structures*4-8 Risers • 5-50

Uniform How Analysis method *4-17 Roof downspout controls • See also Appendix C
velocities * 4-7 downspout dispersion systems • 5-9

Pipes *See pipe systems downspout infiltrationsystems • 5-5
Plans *See site improvementplans flow chart • 5-4
Plants flow controlBMPs • 5-17

emergentwetland species *6.75 in landslide drainage areas • 5-3
for biofiltrationswales * 6-45 perforatedstub-out connections • 5-11
for detention ponds • 5-25 residential projects • 1-35
for sand filters • 6.112 sizing credits * 1-36
for wet bi0filtration swales • 6-54 Roofs * 5-51

for wetponds • 6-75 Runoff computation • 3-9
gronndcovers for biofiltration • 6-46 HSPF model *3-9, 3-35
naturalistic *5-25 KCRTS/RunoffFiles method * 3-9, 3-19
saturationtolerant * 6-45, 6-112 Rational Method *3-9, 3-11

Point of compfiance analysis • 3-51 TR-55/SBUH methods * 3-9
offsite closed depressions * 3-51 Runoff files * 3-19, 3-23
onsite runoff bypass • 3-52 Ruralplats • 5-14

Pullution-generating impervious surfaces • 1-50 Ruralstreamprotection areas • 1-32
Pollution-generating pervious surfaces • 1-50, 1-57

Pondingareas *3-54 SPonds

detention*5-19 Safetyfactors•3-47 -
infiltration• 5-60 Sand filter vaults
sizing • 3-44 access • 6-122 .....
wetponds • 6.67 combined with infiltrationvault *6-123

Precipitation *6-69 details • 6-124
PrimaryDesign Hydrograph(PDH) *3-44 maintenance considerations • 6-122
Pump systems • 1-42, 4--34 structure* 6-121

Sand filters • 6-100

R combined with infiltrationpond • 6-115
design *6-106, 6-108

Rainfall regions *3-21, 3-22 design background• 6-101
Rational Method • 3-11 details • 6-116

coefficients *3-13 KCRTSroutingmethod * 6-104
equation *3-11 linear sand filterdesign *6-126
example * 3-18 maintenance considerations *6-114
time of concentration * 3-12 menu options *6-5, 6-6, 6-10, 6-13

Recreationalspace *5-26 plants *6-112
Redevelopmentprojects sand specifications *6-109

flow control exemption * 1-28, 1-30 simple sizingmethod • 6-102
flow control exemptions *5-14 Sand layers * 6-26
Targeted DrainageReview • 1-12 Sediment control • See ESC
water quality exemption • 1-51 Seeps • 5-23
water qualitymenu * 1-52 Sensitive areas

Regional scale factors* 3-21, 3-22 construction within * 1-44
Residential projects • See also single family residential projects Targeted DrainageReview * 1-10

flow control exemption • 1-28 Sensitive LakeProtection menu • 1-53, 6-6
flow control exemptions * 5-14 phosphoruscredit option • 6-7
roof downspout controls • 1-35 threshold * 1-53
roof downspout dispersion • 5-15 treatmentgoal * 1-54
Small Site DrainageReview * 1-9 treatment trains• 6-7 --
waterquality exemption * 1-51 Sensitive slope protectionareas • 1-32

Shared facility drainage plans * 1-59 v

1998 SurfaceWaterDesign Manual AR 03241 2 9/1/98
6



INDEX

Short plats T
final plan submittals • 2-29
plans required for drainage review • 2-4, 2-27 Tanks
plans required with permit application • 2-3, 2-6 detention • 5-33

Signage • 5-31 infiltration • 5-63

Single family residential projects / Targeted Drainage Review • 1-10
flow control exemptions • 5-14 plans required • 2-3, 2-4, 2-7, 2-27
plans required for drainage review • 2-4, 2-27 requirements • 1-8
plans required with permit application • 2-3, 2-6 Technical information report - 2-8
Targeted Drainage Review • 1-11 bond quantities • 2-16

Site improvement plans • 2-17 conditions and requirements summary • 2-9
base map * 2-20 contents • 2-8
details *2-23 conveyance system analysis • 2-14
general format • 2-17 declaration of covenant • 2-16

modified plans • 2-3, 2-17 ESC analysis and design ° 2-15
site plan and profiles • 2-21 facilities summaries • 2-16

Small Site Drainage Review • 1-9 flow control analysis • 2-13
plans required * 2-3, 2-4, 2-7 offsite analysis • 2-9
requirements * 1-8 operations and maintenance manual • 2-16

Soils project overview *2-8
infiltration * 5-53 special reports and studies • 2-14
organic soil layer • 6-27 study area • 2-10
SCS types vs KCRTS types • 3-25 water quality analysis • 2-13
types • 3-24 Tee sections • 5-42

USDA textural triangle ° 5-59 Threshold discharge area • 1-5
Special provision for closed depressions • 3-50 Through-curb ports *6-33, 6-36
Special requirements * 1-59 Tighfline systems * 1-18, 1-39, 4-27

#1---Other Adopted Area-Specific Requirements ° 1-59 Time series
#2--Floodplain/Floodway Delineation * 1-60 generating *3-21
#3--Flood Protection Facilities • 1-61 statistical analysis • 3-30
#_ Source Controls • 1-61 Time steps • 3-7
#5--Oil Control • 1-62 TIR • See technical information report

Sphagnum Bog Protection menu • 1-55, 6-12 Trash racks • See debris barriers
threshold * 1-55 Treatment trains

treatment goals • 1-56 bog protection options * 6-13
treatment trains • 6-13 lake protection options • 6-7

Spill control menu options • 6-6.6-10, 6-13
conveyance systems • 1-40 sequence of facilities • 6-18
infiltration facilities • 5-55 stream protection options • 6-11
pipe systems • 4-10 Trenches

Springs *5-23 flow dispersal • 4-31
Stage-discharge relationship • 3-39 infiltration • 5-68
Stage-storage relationship • 3-36
Standard Step backwater method • 4-62
Steep slopes • 1-41 LI

Stepped side slopes • 6-113 Underdrains

Storage routing ° 3-36 for biofiltration swales • 6-42, 6-50
Stormwater runoff tracts for sand filters • 6-110

landscaping • 5-24 Uniform Flow Analysis method • 4-17
recreational space • 5-26 UPDs

Stormwater wetlands Large Site Drainage Review • 1-14
access *6-88 plans required for drainage review * 2-4
design * 6-86, 6-87 plans required with permit application • 2-3, 2-5
details * 6-90 Urban Planned Developments *See UPDs
maintenance considerations • 6-89 Urbanization *3-3
menu options • 6-5, 6-10, 6-12
relation to mitigation wetlands • 6-86

Subdivisions *See also residential projects V
final plan submittals * 2-29

_ plans required for drainage review • 2-4 Vaults
plans required with permit application • 2-3.2-5 detention • 5-37
roof downspout controls * 1-35 infiltration. 5-66 _1_ 0324"_ 3

Submittals • 2-1 sand filter vaults • 6-120
wetvaults • 6-80
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W High-Use menu* 6-14
Resource StreamProtectionmenu• 1-54, 6-10

Waterquality*See also waterqualitymenus Sensitive LakeProtectionmenu• 1-53.6.6
CoreRequirement#8 • 1-49 SphagnumBog Protectionmenu • 1-55.6-12
exemptions• 1-50 Waterquality ponds *See wetponds
experimentalfacilities * 1-58 Waterquality requirements• See waterqualitymenus
implementationrequirements• 1-57 Waterqualityswales • See biofiltrationswales
oil control* 1.62 Waterquality vaults * See wetvaults
sourcecontrols* 1-61 Weirs• 5-44

Waterquality design *6-1 flow restrictors• 5-40
Water quality facilities foremergencyoverflow *5-32

bioflltration facility designs* 6-37 rectangular,sharp-crested* 5-46
biofiltrafionswales * 6-37 sutro* 5-48
combined withdetention *6-92 v-notch- 5-47
continuous inflow biofiltrationswales • 6.55 Wet biofilters• See biofiltrationswales, wet
design flows *6-17 Wet season construction* 1-44
experimentaldesigns • 1-58. 1-66 Wetlands • See also storrawaterwetlands
fencing andembankments• 6.21 floodplaindelineation *3-54
filter strips• 6.56 fordetention• 5-51
flow spfitterdesigns • 6.28 Wetponds • 6-67
flow spreadingoptions, 6.32 access • 6.73
generalrequirements* 6.17 applications*6-67
leaf compost filters *6-131 basic wetpond design * 6.68.6.71
linearsand filters • 6-126 combinedwith detention* 6.92
liners *6-23 details • 6-78
media filtrationfacilities • 6.99 largewetpond design *6.71.6.77
narrowareafilter strips• 6.64 maintenanceconsiderations• 6-76
oil controlfacility designs *6-135 menuoptions • 6-4, 6-6, 6.12
placement with detention • 6-20 plants * 6.75
plan details * 2-23 Wetpool facilities
runoff computations*3-10 combinedwith detention • 6-92, 6-96
sand filter vaults • 6.120 stormwaterwetlands • 6-86
sand filters • 6-100 wetponds• 6-67
sequence of facilities • 6.18 wetvaults • 6-80
setbacks• 6-21, 6-22 Wetvaults *6-80
side slopes *6.21 access • 6-82
stormwaterwetlands • 6.86 combinedwithoiFwaterseparator• 6-84
TIR requirements• 2-13 design • 6.80
treatable flows *6-18 details *6.85
wet biofiltration swales *6.52 maintenance considerations * 6-83

wetponds * 6-67 menuoptions • 6-4, 6-15
wetpool facility designs * 6.67 structure• 6-81
wetvaults *6.80

Water quality menus* 1-49, 1-52, 6.3 Z
Basic WaterQualitymenu * 1-52, 6-4

guide to applying*6.3 Zero-rise floodways • 4-72
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

EROSION AND SEDIMENT CONTROL
STANDARDS

D.1 PURPOSE AND OVERVIEW

The purpose of erosion and sediment control (ESC) is to prevent the transport of sediment to streams,

wetlands, lakes, drainage systems, and adjacent properties. In most circumstances, however, it is

impossible to completely prevent the transport of sediment to these features, either because of the

difficulty in removing silt and clay-sized particles from runoff or because of large storms that overwhelm

the ESC facilities. Due to the inherent difficulties in entirely preventing the transport of sediment, it is the

responsibility of those involved in the design and construction of any project to utilize a variety of

strategies to minimize erosion and the transport of sediment to the greatest extent possible. These

strategies shall include overall project planning that reduces the risk of erosion through appropriate design
and scheduling (see Section D.2) and traditional structural and cover measures, such as those described in
Section D.4.

Erosion and sediment control is necessary because erosion rates associated with uncontrolled construction

sites are much higher than normal rates---often a thousand or more times that of undeveloped land. The
erosion rates increase during construction due to the removal of soil cover, alteration of soil

characteristics, and changes in site topography. These vastly accelerated erosion rates, together with the

higher rates typical of urbanized areas, result in excessive deposition of sediment in water resources and

drainage facilities. This excessive erosion and consequent sediment deposition can result in devastating

impacts to surface waters such as smothering of salmonid spawning beds, algal blooms in lakes, and
flooding due to obstruction of drainage ways.

Applying erosion and sediment controls to construction sites can greatly reduce the delivery of sediment to

surface waters. Figure D. 1.A demonstrates how controls can significantly reduce the concentration of

sediment leaving the site. Even with good controls, the concentration of sediment leaving the site will still

be significantly higher than either undeveloped or developed conditions and this may result in significant

adverse impacts; however, the likelihood of such impacts are dramatically less than if no controls are used.

]l FIGURE D.1.A MEDIAN STORM SEDIMENT CONCENTRATIONS II(METROPOLITAN WASHINGTON COUNCIL OF GOVERNMENTS, 1990)
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

D.2 EROSION AND SEDIMENT CONTROL PRJNC1PLES

This section provides basic informationon the principles of erosion and sediment control that shall be

applied to all projects in King County. This section is intended to highlight certainprinciples that are
particularly criticalto achieving effective control andthat are the basis for the Surface Water Design
Manual's Core Requirement #5: Erosion and SedimentControl Requirements (see Section D. 10.1, p. D-
63). Projects that are consistent with these principles will generally meet the intent of the Core
Requirement and this appendix, even if the derailsof the project are not entirelyconsistent with County
standards. If a more complete treatment of ESC is needed, there are a number of useful references

available (for example, Goldmanet aL, 1986). Additionally, information on permanent erosion control in
naturalchannels is available in the Guidelines for Bank Stabilization Projects (King County, 1993).

• Design the project to fit the natural topography, soils, and drainage patterns. Through such
practices as limiting disturbance of steeper slopes, avoiding disturbance of naturaldrainageways, or
using soils with a high infiltrationrateto treat polluted runoff, the characteristics of the site can be
used to minimize erosion and sediment transport.

• Emphasize erosion control rather than sediment control. Erosion control minimizes the
entrainment of sediment by runoff, while sediment control removes entrained sediment from runoff.
Erosion control is more efficient and cost-effective because it is impossible to entirely remove
sediment from runoff once it is entrained. Examples of erosion control include covering disturbed
soils and controlling surfacerunoff using measuressuch as dikes and lined ditches. One illustration of
the relative effectiveness of erosion control is strawmulch, which can reduce sediment concentrations
in runoff over 90%.

Since it is nearly impossible to entirelypreventerosion, it will also be necessary to incorporate
- sediment control facilities such as sedimentation ponds and silt fences. Sediment controls vary in their

effectiveness, but typically reduce sediment concentrations 50 to 75%. However, sediment controls
have little effect on the very fine sediment that causes turbidity, whereas cover measures, such as
straw mulch, can be highly effective in reducing turbidity.

• Minimize the extent and duration of area exposed. Restricting clearing to only those areas
necessary for construction is probably the single most effective form of erosion control. Additionally,
exposing areas only as long as necessary reduces the risk of erosion substantially. This can be
accomplished by planning the project so that areas are disturbed only when construction is imminent,
and by mulching or seeding disturbed areas as soon as grading is completed.

• Keep runoff velocities low. While erosion of exposed soil begins with a single raindrop, the largest
volumes of eroded materials are typically associated with concentrated runoff forming rills and
gullies. One of the best ways to minimize erosion, therefore, is to reduce the possibility of
concentrated runoff by intercepting runoff and conveying it in a non-erosive manner to a sediment

pond or trap. This can include the use of dikes, swales, and benches to intercept runoff on slopes and
ditches or drains to convey the intercepted runoff.

• Retain sediment on site. Sediment retention is less effective than erosion control measures, such as
cover, but it is nevertheless a vital part of most projects because it is impossible to completely prevent
erosion and the entrainment of sediment by runoff. Sediment can be retained by allowing it to settle
out in ponds and traps or by filtering runoff from small areas through vegetation or a silt fence. Note
that settling and filtration typically only remove sand-sized and coarse silt particles. Fine silts and
clays cannot be removed in these ways, unless the runoff is released to vegetated areas or if chemical
flocculents, such as alum, are used.

• Thoroughly monitor the site and maintain all ESC measures. Maintenance and vigilance are the
- most vital components of effective ESC management. All measures require regular maintenance. The

overall site also needs to be constantly examined to ensure that all areas are protected, that the

ErosionandSedimentControlStandards AR 032419 9/1/98
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SECTION D.2 EROSION AND SEDIMENT CONTROL PRINCIPLES

measures are working together to provide maximum protection, and that all areas are mulched and/or
vegetated as soon as possible.

• Schedule major earthwork during the dry season. The climate in the Puget Sound region is uniqu,
in that there are generally well-defined wet and dry seasons (see Figure D.2.A) and the wet season is
characterized by a large number of low-intensity, but frequent and long-lasting, storms. As a result,
construction in the dry season is a very effective form of erosion control. If construction does occur in

the wet season, the need for regular maintenance is even more imperative.
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D.3---GENERALESCREQUIREMENTS

D.3 GENERAL ESC REQUIREMENTS

To satisfy the King County requirements forESC, the following steps arerequiredof all construction
projects:

1. In accordance with Sections 2.3.1 and 2.3.3 of the Surface Water Design Manual (SWDM), prepare
and submit a technical information report (TIR) and an ESC plan for King County review.
Incorporate any King County review comments as necessary to comply with Core Requirement #5 of
the SWDM (see Section D.10.1, p. D-63) and the Erosion and Sediment Control Standards in this
appendix.

2. Construct initial ESC measures on site according to the approved ESC plan.

3. Inspect and maintain all ESC measures throughout construction in accordance with the inspection and
maintenance standards of Section D.5.4 (p. D-43).

4. Make any changes or additions necessary during construction to ensure that ESC measures perform in
accordance with Core Requirement #5 and Sections D.4 and D.5.

5. Prior to final construction approval, meet all the conditions in Section D.5.5 (p. D-44) for final
stabilization.

Proposed projects that add less than 10,000 square feet of impervious surface can satisfy the King County
requirements by meeting all the conditions for Small Site ESC in Section D.7 (p. D-50).

D.4 ESC MEASURES

This section details the ESC measures that arerequiredto minimize erosion and sediment transportoff a
construction site. These ESC measures representBest Management Practices (BMPs) for the control of
erosion and entrainedsediment. The measures and practices aregrouped into seven sections
corresponding to each of the ESC measures in Core Requirement#5 (see Section D. 10.1, p. D-63). The
introductory paragraphsat the beginning of most sections present the purpose of the measures, installation
requirements relative to constructionactivity, guidelines for the conditions of use for each measure, and
other information relevant to all BMPs in the section. Compliance with each of the seven sections of the
ESC measures and the implementation requirements in Section D.5 ensures compliance with the ESC
requirements. Note: Additional measures shall be required by the County if the existing standards are
insufficient to protect adjacent properties, drainage facilities, or water resources.

The standardsfor each individual ESC measure are divided into four sections:

1. Purpose

2. Conditions of Use

3. Design and Installation Specifications

4. Maintenance Requirements.

A code and symbol for each measure have also been included for ease of use on ESC plans. Note that the
"Conditions of Use" always refers to site conditions. As site conditions change, ESC measures mustbe
changed to remain in compliance with the requirements of this appendix.

AR 032421

ErosionandSedimentControlStandards 9/1/98
D-5



SECTIOND.4 ESCMEASURES

D.4.1 CLEARING LIMITS

ESC Requirement 1: Prior to any site clearing or grading, those areas that are to remain undisturbed
during project construction shall be delineated. At a minimum, clearing limits shall be installed at the
edges of all sensitive area buffers and any other areas required to be left uncleared such as portions of the
site subject to clearing limits under KCC 16.82.150, areas around significant trees identified to be retained,
and other areas identified to be left undisturbed to protect sensitive features.

Purpose: The purpose of clearing limits is to prevent disturbance of those areas of the project site that are
not designated for clearing or grading. This is important because limiting site disturbance is the single
most effective method for reducing erosion. Clearing limits may also be used to control construction
traffic, thus reducing the disturbance of soil and limiting the amount of sediment tracked off site.

When to Install: Clearing limits shall be installed prior to the clearing and/or grading of the site.

Measures to Use: Marking clearing limits by delineating the site with a continuous length of brightly
colored survey tape is sometimes sufficient. The tape can be supported by vegetation or stakes, and it
shall be 3 to 6 feet high and highly visible. Sensitive areas and their buffers require more substantial
protection and shall be delineated with plastic or metal safety fences (also referred to as Sensitive Area
Setback Area or SASA fences) or stake and wire fences. Fencing may be required at the County's
discretion to control construction traffic or at any location where greater protection is warranted.
Permanent fencing may also be used if desired by the applicant. Stir fence, in combination with survey
flagging, is also an acceptable method of marking sensitive areas and their buffers.

D.4.1.1 PLASTICOR METALFENCE

Code: FE Symbol: _FE_

Purpose --

Fencingis intended to (1) restrict clearing to approved limits; (2) prevent disturbance of sensitive areas,
their buffers, and other areas required to be left undisturbed; (3) limit construction traffic to designated
construction entrances or roads; and (4) protect areas where marking with survey tape may not provide
adequate protection.

Conditions of Use

To establishcl_ng limits, plasticormetal fencemaybeused:

1. At the boundary of sensitive areas, their buffers, and other areas required to be left uncleared

2. As necessary to control vehicle access to and on the site (see Sections D.4.4.1 and D.4.4.2).

DesignandInstallation Specifications

1. The fence shall be designed and installed according to the manufacturer's specifications.

2. The fence shall be at least 3 feet high and must be highly visible.

3. The fence shall not be wired or stapled to trees.

Maintenance Requirements

1. If the fence has been damaged or visibility reduced, it shall be repaired or replaced immediately and
visibility restored.

2. Disturbance of a sensitive area, sensitive area buffer, native growth retention area, or any other area -
required to be left undisturbed shall be reported to the County for resolution.

9/1/98 ErosionandSedimentControlStandards
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D.4.1---CLEARINGLIMITS

D.4.1.2 STAKE AND WIRE FENCE

coco Symo,
Purpose

Fencing is intended to (1) restrict clearing to approved limits; (2) prevent disturbance of sensitive areas,
their buffers, and other areas required to be left undisturbed; (3) limit construction traffic to designated

construction entrances or roads; and (4) protect any areas where marking with survey tape may not provide
adequate protection.

Conditionsof Use

To establish clearing limits, stake or wire fence may be used:

1. At the boundary of sensitive areas, their buffers, and other areas required to be left uncleared

2. As necessary, to control vehicle access to and on the site (see Sections D.4.4.1 and D.4.4.2).

Design and InstallationSpecifications
See Figure D.4.A for details.

Maintenance Requirements
1. If the fence has been damaged or visibility reduced, it shall be repaired or replaced immediately and

visibility restored.

2. Disturbance of a sensitive area, sensitive area buffer, native growth retention area, or other area
required to be left undisturbed shall be reported to the County for resolution.

3. More substantial fencing shall be required by the County if the fence does not prevent encroachment
into those areas that are not to be disturbed.

I[ FIGURE D.4.A STAKE AND WIRE FENCE J
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SURVEYFLAGGING .,BALING WIRE WIRE TO TREES
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SECTIOND.4 ESCMEASURES

D.4.2 COVER MEASURES

ESC Requirement 2: Temporaryand permanentcover measures shall be provided to protect disturbed
areas. Temporary cover shall be installed if an area is to remain unworked for more than seven days
during the dry season (May 1 to September 30) or for more than two days during the wet season (October
1to April 30). These time limits may be relaxed if an area poses a low risk of erosion due to soil type,
slope gradient, anticipated weather conditions, or other factors. Conversely, the County may reduce these
time limits if site conditions warrant greater protection (e.g., adjacent to significant aquatic resources or
highly erosive soils) or if significant precipitation (see Section D.5.2) is expected. Any area to remain
unworked for more than 30 days shall be seeded or sodded, unless the County determines that winter
weather makes vegetation establishment infeasible. During the wet season, slopes and stockpiles 3H: IV
or steeper and with more than ten feet of vertical relief shall be covered if they are to remain unworked for
more than 12 hours. Also during the wet season, the material necessary to cover all disturbed areas must
be stockpiled on site. The intent of these cover requirements is to have as much area as possible covered
during any period of precipitation.

Purpose: The purpose of covering exposed soils is to'prevent erosion, thus reducing reliance on less
effective methods that remove sediment after it is entrained in runoff. Cover is the only practical method
of reducing turbidity in runoff. Structural measures, such as silt fences and sediment ponds, are only
capable of removing coarse particles and in most circumstances have little to no effect on turbidity.

When to Install: Any exposed soils that will remain unworked for more than the time limit set in ESC
Requirement 2 shall be covered by the end of the working day. If the exposed area is to remain unworked
for more than 30 days, the area shall be seeded with the temporary seed mix or an equivalent mix that will
provide rapid protection (see Section 0). If the disturbed area is to remain unworked for a year or more or
if the area has reached final grade, permanent seed mix or an equivalent mix shall be applied.

Measures to Use: Cover methods include the use of mulch, erosion control nets and blankets, plastic
covering, seeding, and sodding. Mulch and plastic sheeting are primarily intended to protect disturbed
areas for a short period of time, typically days to a few months. Seeding and sodding are measures for ....
areas that are to remain unworked for months. Erosion nets and blankets are to be used in conjunction
with seeding steep slopes. The choice of measures is left to the designer; however, there are restrictions
on the use of these methods, which are listed in the "Conditions of Use" and the "Design and Installation
Specifications" sections for each measure.

The methods listed are by no means exhaustive. Variations on the standards presented here are
encouraged if other cost-effective products or methods provide substantially equivalent or superior
performance. Also, the details of installation can, and should, vary with the site conditions. A useful
reference on the application of cover measures in the Puget Sound area is Homer, Guedrey, and Kortenhof
(1990).

D.4.2.1 MULCHING

Code: MU Symbol: _

Purpose

The purpose of mulching soils is to provide immediate temporary protection from erosion. Mulch also
enhances plant establishment by conserving moisture, holding fertilizer, seed, and topsoil in place, and
moderating soil temperatures. There is an enormous variety of mulches that can be used. Only the most
common types are discussed in this section.

Conditions of Use AR 032424
As a temporary cover measure, mulch should be used: ....

1. On disturbed areas that require cover measures for less than 30 days

9/1/98 Erosionand SedimentControlStandards
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D.4.2---COVERMEASURES

2. As a cover for seed during the wet season and during the hot summer months

3. During the wet season on slopes steeper than 3H:IV with more than 10 feet of vertical relief.

Design and InstallationSpecifications

For mulch materials, application rates, and specifications, see Table D.4.A. Note: Thicknesses may be
increased for disturbed areas in or near sensitive areas or other areas highly susceptible to erosion.

TABLE D,4.A MULCH STANDARDS AND GUIDELINES

Mulch Material Quality Standards Application Rates Remarks

Straw Air-dried;free from 2"-3" thick;2-3 Cost-effective protectionwhen applied with adequate
undesirable seed bales per 1000 sf thickness. Hand-applicationgenerally requires
and coarse material or 2-3 tons per acre greater thicknessthan blownstraw. Straw should be

crimped to avoid wind blow. The thickness of straw
may be reduced by half when used in conjunction
with seeding.

Wood Fiber No growthinhibiting Approx. 25-30 Ibs Shall be applied with hydromulcher. Shall not be
Cellulose factors per 1000 sf or used withoutseed and tackifier unless the

1000-1500 Ibs per applicationrate is at least doubled. Some wood fiber
acre with very long fibers can be effective at lower

application rates and withoutseed or tackifier.

Compost No visiblewater or 2" thickmin.; More effective controlcan be obtained by increasing
dust during approx. 100 tons thickness to 3", Excellent mulchfor protecting final
handling. Must be per acre (approx. grades until landscapingbecause it can be directly
purchased from 800 Ibs per yard) seeded or tilled into soil as an amendment. Sources
supplierwith Solid for compostare available fromthe King County
Waste Handling Commissionfor Marketing Recyclable Materials at
Permit. (206) 296-4439.

Chipped Site Average size shall 2" minimum This is a cost-effectiveway to dispose of debris from
Vegetation be several inches, thickness clearingand grubbing,and it eliminates the problems

associated with burning. Generally, it should not be
usedon slopes above approx. 10% because of its
tendency to be transportedby runoff. It is not
recommended within 200 feet of surface waters. If
seeding is expected shortlyafter mulch, the
decompositionof the chippedvegetation may tie up
nutrientsimportantto grass establishment.

Maintenance Standards

1. The thickness of the cover must be maintained.

2. Any areas that experience erosion shall be remulched and/or protected with a net or blanket. If the

erosion problem is drainage related, then the problem shall be fixed and the eroded area remulched.

, |
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SECTION D.4 ESC MEASURES

D.4.2.2 NETS AND BLANKETS

- ®Code: NE Symbol: =-_

Purpose

Erosion control nets and blankets are intended to prevent erosion and hold seed and mulch in place on
steep slopes and in channels so that vegetation can become well established. In addition, some nets and

blankets can be used to permanently reinforce tuff to protect drainage ways during high flows. Nets are

strands of material woven into an open, but high-tensile strength net (for example, jute matting). Blankets
axe strands of material that are not tightly woven, but instead form a layer of interlocking fibers, typically
held together by a biodegradable or photodegradable netting (for example, excelsior or straw blankets).

They generally have lower tensile strength than nets, but cover the ground more completely. Coir
(coconut fiber) fabric comes as both nets and blankets.

Conditions of Use

Erosion control nets and blankets should be used:

1. For permanent stabilization of slopes 2H: 1V or greater and with more than 10 feet of vertical relief.

2. In conjunction with seed for final stabilization of a slope, not for temporary cover. However, they can

be used for temporary applications as long as the product is not damaged by repeated handling. In
fact, this method of slope protection is superior to plastic sheeting, which generates high-velocity
runoff (see Section D.4.2.3).

3. For drainage ditches and swales (highly recommended). The application of appropriate netting or
blanket to drainage ditches and swales can protect bare soil from channelized runoff while vegetation

is established. Nets and blankets also can capture a great deal of sediment due to their open, porous
structure. Synthetic nets and blankets can be used to permanently stabilize channels and may provide
a cost-effective, environmentally preferable alternative to riprap.

Design and Installation Specifications

1. See Figure D.4.B and Figure D.4.C for typical orientation and installation of nettings and blankets.

Note: Installation is critical to the effectiveness of these products. If good ground contact is not
achieved, runoff can concentrate under the product, resulting in significant erosion.

2. With the variety of products available, it is impossible to cover all the details of appropriate use and
installation. Therefore, it is critical that the design engineer thoroughly consults the manufacturer's

information and that a site visit take s place in order to insure that the product specified is appropriate.

3. Jute matting must be used in conjunction with mulch (Section DA.2.1). Excelsior, woven straw

blankets and coir (coconut fiber) blankets may be installed without mulch. There are many other

types of erosion control nets and blankets on the market (though not authorized here) that may be
appropriate in certain circumstances. Other types of products will have to be evaluated individually.

In general, most nets (e.g., jute matting) require mulch in order to prevent erosion because they have a

fairly open structure. Blankets typically do not require mulch because they usually provide complete
protection of the surface.

4. Purely synthetic blankets are allowed but shall only be used for long-term stabilization of waterways.
The organic blankets authorized above are better for slope protection and short-term waterway

protection because they retain moisture and provide organic matter to the soil, substantially improving

the speedand successof revegetation. AR 032426
Maintenance Standards -

1. Good contact with the ground must be maintained, and there must not be erosion beneath the net or ---
blanket.

911198 Erosion and Sediment Control Standards
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D.4.2---COVER MEASURES

2. Any areas of the net or blanket that are damaged or not in close contact with the ground shall be

repaired and stapled.

3. If erosion occurs due to poorly controlled drainage, the problem shall be fixed and the eroded area

protected.

FIGURE D.4.B WATERWAY INSTALLATION
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SECTIOND.4 ESC MEASURES

D.4.2.3 PLASTIC COVERING

Code: PC Symbol: _ k._ = --

Purpose

Plastic covering provides immediate, short-term erosion protection to slopes and disturbed areas.

Conditionsof Use

1. Plastic covering may be used on disturbed areas that require cover measures for less than 30 days.

2. Plastic is particularly useful for protecting cut and fill slopes and stockpiles. Note: The relatively

rapid breakdown of most polyethylene sheeting makes it unsuitable for long-term applications.

3. Clear plastic sheeting can be used over newly-seeded areas to create a greenhouse effect and

• encourage grass growth. Clear plastic should not be used for this purpose during the summer months
because the resulting high temperatures can kill the grass.

4. Due to rapid runoff caused by plastic sheeting, this method shall not be used upslope of areas that
might be adversely impacted by concentrated runoff. Such areas include steep and/or unstable slopes.

Note: There have been many problems with plastic, usually attributable to poor installation and
maintenance. However, the material itself can cause problems, even when correctly installed and

maintained, because it generates high-velocity runoff and breaks down quickly due to ultraviolet
radiation. In addition, if the plastic is not completely removed, it can clog drainage system inlets and
outlets. It is highly recommended that alternatives to plastic sheeting be used whenever possible and that
its use be limited.

Design and InstallationSpecifications
1. See Figure D.4.D for details.

2. Plastic sheeting shall have a minimum thickness of 0.06 millimeters.

3. If erosion at the toe of a slope is likely, a gravel berm, riprap, or other suitable protection shall be
installed at the toe of the slope in order to reduce the velocity of runoff.

II FIGURE D.4.D PLASTIC COVERING II

.: .I.,_-.-I0' MAX.._::..:.::::_ TIRES, SANDBAGS, OR EQUIVAI.$:NT

..... . .......:._:" "." --:'" _ (_ _.. MAY BE USED TO WEIGHT PLASTIC

II.--) I_m_;:_ _ ........... _ __ \ OVERLAP A MINIMUM OF 12" AND

--H_lll=lTk=-- !l--,---'i_....... _ _ ¢_ \ BEWE,GHTE0ORTAPE0

.0E,NSHEET,.G,N-_ '--II1_111_ _'_ --\ \ \ ,0_._
MINIMUM4"X_-"TRENCH_=iil= _\ t

-lli_li =

 li-ll
AT TOE WHEN _.'.'; ".'.;.._

_ IIi_ • .......,..:..,.'::..... :....'. .....

AR 032428 _

911198 Erosion and Sediment Control Standards
D-12



D.4.2---COVERMEASURES

Maintenance Standards for Plastic Covering

l. Torn sheets must be replaced and open seams repaired.

2. If the plastic begins to deteriorate due to ultraviolet radiation, it must be completely removed and
replaced.

3. When the plastic is no longer needed, it shall be completely removed.

D.4.2.4 TEMPORARY AND PERMANENT SEEDING

Code: SE Symbol: _

Purpose

Seeding is intended to reduce erosion by stabilizing exposed soils. A well-established vegetative cover is
one of the most effective methods of reducing erosion.

Conditions of Use

1. Seeding shall be used throughout the project on disturbed areas that have reached final grade or that
will remain unworked for more than 30 days.

2. Vegetation-lined channels shall be seeded.

3. Retention/detention ponds shall be seeded as required.

4. At the County's discretion, seeding without mulch during the dry season is allowed even though it
will take more than seven days to develop an effective cover. Mulch is, however, recommended at all
times because it protects seeds from heat, moisture loss, and transport due to runoff.

5. At the beginning of the wet season, all disturbed areas shall be reviewed to identify which ones can be
seeded in preparation for the winter rains (see Section D.5.2). Disturbed areas shall be seeded within
one week of the beginning of the wet season. A sketch map of those areas to be seeded and those
areas to remain uncovered shall be submitted to the DDES inspector. The DDES inspector may
require seeding of additional areas in order to protect surface waters, adjacent properties, or drainage
facilities.

6. At final site stabilization, all disturbed areas not otherwise vegetated or stabilized shall be seeded and
mulched (see Section D.5.5).

Design and Installation Specifications

1. The best time to seed is April 1 through June 30, and September 1 through October 15. Areas may be
seeded between July 1 and August 31, but irrigation may be required in order to grow adequate cover.
Areas may also be seeded during the winter months, but it may take several months to develop a dense
groundcover due to cold temperatures. The application and maintenance of mulch is critical for
winter seeding.

2. To prevent seed from being washed away, confirm that all required surface water control measures
have been installed.

3. The seedbed should be finn but not compacted because soils that are well-compacted will not
vegetate as quickly or thoroughly. Slopes steeper than 3H:1V shall be surface roughened.
Roughening can be accomplished in a variety of ways, but the typical method is track-walking, or
driving a crawling tractor up and down the slope, leaving cleat imprints parallel to the slope contours.

4. In general, 10-20-20 N-P-K (nitrogen-phosphorus-potassium) fertilizer can be used at a rate of 90
pounds per acre. Slow-release fertilizers are preferred because they are more efficient and have fewer
environmental impacts. It is recommended that areas being seeded for final landscaping conduct soil

ErosionandSedimentControlStandards 9/1/98
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SECTION D.4 ESC MEASURES

tests to determine the exact type and quantity of fertilizer needed. This will prevent the over-
application of fertilizer. Disturbed areas within 200 feet of water bodies and wetlands must use slow-

release low-phosphorus fertilizer (typical proportions 3-1-2 N-P-K) .......

5. The following requirements apply to mulching:

A. Mulch is always required for seeding slopes greater than 3H: 1V (see Section D.4.2.1).

B. If seeding during the wet season, mulch is required.

C. The use of mulch may be required during the dry season at the County's discretion if grass

growth is expected to be slow, the soils are highly erodible due to soil type or gradient, there
is a water body close to the disturbed area, or significant precipitation (see Section D.5.2) is
anticipated before the grass will provide effective cover.

D. Mulch can be applied on top of the seed or simultaneously by hydroseeding.

6. Hydroseeding is allowed as long as tackifier is included. Hydroseeding with wood fiber mulch is

adequate during the dry season. During the wet season, the application rate shall be doubled because
the mulch and tackifier used in hydroseeding break down fairly rapidly. It may be necessary in some
applications to include straw with the wood fiber, but this can be detrimental to germination.

7. Areas to be permanently landscaped shall use soil amendments. Good quality topsoil shall be tilled
into the top six inches to reduce the need for fertilizer and improve the overall soil quality. Most

native soils will require the addition of four inches of well-rotted compost to be tilled into the soil to
provide a good quality topsoil. Compost used should meet Ecology publication 95-38 specifications

for Grade A quality compost.

8. The seed mixes listed below include recommended mixes for both temporary and permanent seeding.

These mixes, with the exception of the wetland mix, shall be applied at a rate of 120 pounds per acre.
This rate can be reduced if soil amendments or slow-release fertilizers are used. Local suppliers

should be consulted for their recommendations because the appropriate mix depends on a variety of
factors, including exposure, soil type, slope, and expected foot traffic. Alternative seed mixes

approved by the County may be used.

Table D.4.B presents.the standard mix for those areas where just a temporary vegetative cover is required.

T&B_ DA.B: _PORARY EROSION CONTROL :SEED MIX

% Weight % Purity % Germination

Chewings or red rescue 40 98 90
Festuca robra vat. commutata or
Festuca rubra

Annual or perennial rye 40 98 90
Loliurn multiflorurn or Lolium perenne

Redtop or colonial bentgrass 10 92 85
Agrostis alba or Agrostis tenuis

White dutch clover 10 98 90
Trifolium repens

AR 032430
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D.4.2--COYER MEASURES

Table D.4.C provides just one recommended possibility for landscaping seed.

TABLE D.4.C LANDSCAPING SEED MIX

% Weight % Purity % Germination

Perennial rye blend 70 98 90
Lo/ium perenne

Chewings and redfescue blend 30 98 90
Festuca rubra var. commutata or
Festuca rubra

This turf seed mix in Table D.4.D is for dry situations where there is no need for much water. The
advantage is that this mix requires very little maintenance.

TABLE DA_D LOW-GROWING TURF SEED MIX

% Weight % Purity % Germination

Dwarf tall fescue (several varieties) 45 98 90
Festuca arundinacea var.

Dwarf perennial rye (Barclay) 30 98 90
Loliurn perenne var. barclay

Red fescue 20 98 90
- Festuca rubra

Colonial bentgrass 5 98 90
Agrostis tenuis

Table D.4.E presents a mix recommended for bioswales and other intermittently wet areas. Sod shall
generally not be used for bioswales because the seed mix is inappropriate for this application. Sod can be

used for lining ditches to prevent erosion, but it will provide little water quality benefit during the wet
season.

TABLE D.4.E BIOSWALE SEED MIX*

% Weight % Purity % Germination

Tall or meadow rescue 75-80 98 90
Festuca arundinacea or
Festuca elatior

Seaside/Creeping bentgrass 10-15 92 85
Agrostis palustris

Redtop bentgrass 5-10 90 80
Agros_s alba or Agrostis gigantea

* ModifiedBriargreen,Inc. HydroseedingGuideWetlandsSeed Mix

AR 032431
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SECTION D.4 ESC MEASURES

The seed mix shown in Table D.4.F is a recommended low-growing, relatively non-invasive seed mix

appropriate for very wet areas which are not regulated wetlands (if planting in wetland areas, see Section

6.3.1 of the Surface Water Design Manual). Other mixes may be appropriate, depending on the soil type
and hydrology of the area. Apply this mixture at a rate of 60 pounds per acre.

TABLE D.4.F WET AREA SEED MIX*

% Weight % Purity. % Germination

Tall or meadow fescue 60-70 98 90
Festuca arundinacea or
Festuca elatior

Seaside/Creeping bentgrass 10-15 98 85
Agrostis palustris

Meadow foxtail 10-15 90 80
Alepocurus pratensis

Alsike clover 1-6 98 90
Trifolium hybridum

Redtop bentgrass 1-6 92 85
Agrostis aiba

* ModifiedBriargreen,Inc. HydroseedingGuideWetlandsSeed Mix

The meadow seed mix in Table D.4.G is recommended for areas that will be maintained infrequently or

not at all and where colonization by native plants is desirable. Likely applications include rural road and ._
utility right-of-way. Seeding should take place in September or very early October in order to obtain
adequate establishment prior to the winter months. The appropriateness of clover in the mix may need to

be considered as this can be a fairly invasive species. If the soil is amended, the addition of clover may
not be necessary.

.... " " TABLE D.4.G M_OW SEED_

% Weight % Purity % Germination

Redtop or Oregon bentgrass 40 92 85
Agrostis alba or Agrostis oregonensis

Red fescue 40 98 90
Festuca rubra

White dutch clover 20 98 90
Trifolium repens

MaintenanceStandardsfor Temporaryand PermanentSeeding
1. Any seeded areas that fail to establish at least 80 percent cover within one month shall be reseeded. If

reseeding is ineffective, an alternate method, such as sodding or nets/blankets, shall be used. If winter

weather prevents adequate grass growth, this time limit may be relaxed at the discretion of the County
when sensitive areas would otherwise be protected.

AR 032432 __
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D.4.2----COVERMEASURES

2. After adequate cover is achieved, any areas that experience erosion shall be reseeded and protected by
mulch. If the erosion problemis drainagerelated, the problem shall be fixed and the eroded area
reseeded and protected by mulch.

3. Seeded areasshall be supplied with adequate moisture, but not watered to the extent that it causes
runoff.

D.4,2.5 SODDING

Code: SO Symbol: _

Purpose

The purpose of sodding is to establish permanent turffor immediate erosion protection and to stabilize
drainage ways where concentrated overland flow will occur.

Conditions of Use

Soddingmay beusedinthefollowing areas:

I. Disturbedareasthatrequireshort-termorlong-termcover

2. Disturbedareasthatrequireimmediatevegetativecover

3. Allwaterwaysthatrequirevegetativelining(exceptbiofiltrationswales---theseedmixusedinmost
sodisnotappropriateforbiofiltrationswales).Waterwaysmay alsobeseededratherthansodded,
andprotectedwithanetorblanket(seeSectionD.4.2.2).

Design and Installation Specifications

Sod shall be free of weeds, of uniform thickness (approximately 1-inch thick), and shall have a dense root
mat for mechanical strength.

The following steps axe recommended for sod installation:

1. Shape and smooth the surface to final grade in accordance with the approved grading plan.

2. Amend two inches (minimum) of well-rotted compost into the top six inches of the soil if the organic
content of the soil is less than ten percent. Compost used should meet Ecology publication 98-38
specifications for Grade A quality compost.

3. Fertilize according to the supplier's recommendations. Disturbed areas within 200 feet of water bodies
and wetlandsmust use non-phosphorus fertilizer.

4. Work lime and fertilizer 1 to 2 inches into the soil, and smooth the surface.

5. Lay strips of sod beginning at the lowest area to be sodded and perpendicular to the direction of water
flow. Wedge strips securely into place. Square the ends of each strip to provide for a close, tight fit.
Stagger joints at least 12 inches. Staple on slopes steeper than 3H: IV.

6. Roll the sodded area and irrigate.

7. When sodding is carried out in alternating strips or other patterns, seed the areas between the sod
immediately after sodding.

Maintenance Standards

If the grass is unhealthy, the cause shall be determined and appropriate action taken to reestablish a
healthy groundcover. If it is impossible to establish a healthy groundcover due to frequent saturation,
instability, or some other cause, the sod shall be removed, the area seeded with an appropriate mix, and
protected with a net or blanket.

ErosionandSedimentControlStandards AR 032433 9/I/98
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SECTIOND.4 ESC MEASURF.S

D.4.3 PERIMETER PROTECTION

ESC Requirement 3: Perimeter protection to filter sediment from sheetwash shall be located downslope
of all disturbed areas and shall be installed prior to upslope grading. Perimeter protection includes the use
of vegetated strips as well as more conventional, constructed measures, such as silt fences. During the wet
season, 50 linear feet of silt fence (and the necessary stakes) per acre of disturbed area must be stockpiled
on site.

Purpose: The purpose of perimeterprotection is to reduce the amountof sediment transported beyond the
disturbed areas of the Constructionsite. Perimeter protection is primarily a backup means of sediment
control. Most, if not all, sediment-laden water is to be treated in a sediment trap or pond. The only
circumstances in which perimeter control is to be used as a primarymeans of sediment removal is when
the catchment is very small (see below).

When to Install: Perimeter protection is to be installed prior to any upslope clearing and grading.

Measures to Use: There are three perimeter protection measures in this section that can be used to satisfy
ESC Requirement 3: silt fence, brush barriers,and vegetated strips. These measures can be used
interchangeably. If surface water is collected by an interceptordike or swale and routed to a sediment
pond or trap, there is no need for the perimeterprotection measures specified in this section.

Criteria for Use as Primary Treatment: At the boundary of a site, perimeter protection may be used as
the sole form of treatmentwhen the flowpath meets the criteria listed below. If these criteria are not met,
perimeter protection shall only be used as a backup to a sediment trapor pond.

Average Slope Slope Percent Flowpath Length

1.5H:1V or less 67% or less 100 feet

2H:IV or less 50% or less 115 feet

4H:IV or less 25% or less 150 feet

6H:IV or less 16.7% or less 200 feet

10H: 1V or less 10% or less 250 feet

D.4.3.1 SILT FENCE

qMt

Code: SF Symbol: _ ,,_ _ X v

Purpose

Use of a silt fence reduces the transport of coarse sediment from a construction site by providing a
temporary physical barrier to sediment and reducing the runoff velocities of overland flow.

Conditions of Use

1. Silt fence may be used downslope of all disturbed areas.

2. Silt fence is not intended to treat concentrated flows, nor is it intended to treat substantial amounts of

overland flow. Any concentrated flows must be conveyed through the drainage system to a sediment
trap or pond. The only circumstance in which overland flow can be treated solely by a silt fence,
rather than by a sediment trap or pond, is when the area draining to the fence is small (see "Criteria for
Use as Primary Treatment" on page D-18).

Design and Installation Specifications

1. See Figure D.4.E for details. AR 032434 -J
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D.4.3--PERIMETERPROTECTION

2. The geotextile used must meet the standards listed below. A copy of the manufacturer's fabric
specifications must be available on site.

ADS (ASTM D4751) 30-100 sieve size (0.60-0.15 mm) for silt film
50-100 sieve size (0.30-0.15 ram) for other fabrics

Water PermittMty(ASTMD4491) 0.02 sec"1minimum

GrabTensileStrength(ASTMD4632) 180 Ibs.min.for extrastrengthfabric
100 Ibs.min.for standardstrengthfabric

GrabTensileElongation(ASTMD4632) 30% max.

Ultravioletresistance(ASTMD4355) 70% rain.

3. Standard strength fabric requires wire backing to increase the strength of the fence. Wire backing or
closer post spacing may be required forextra strength fabric if field performance warrants a stronger
fence.

4. Where the fence is installed, the slope shall be no steeper than 2H:IV.

Maintenance Standards

I. Any damage shall be repaired immediately.

2. If concentrated flows are evident uphill of the fence, they must be intercepted and conveyed to a
sediment trap or pond.

3. It is important to check the uphill side of the fence for signs of the fence clogging and acting as a
barrier to flow and then causing channelization of flows parallel to the fence. If this occurs, replace
the fence or remove the trapped sediment.

4. Sediment must be removed when the sediment is 6 inches high.

5. If the filter fabric (geotextile) has deteriorated due to ultraviolet breakdown, it shall be replaced.

[[ FIGURED.4.E SILT FENCE [

JOINTS IN FILTER FABRIC SHALL BE SPLICED
AT POSTS. USE STAPLES, WIRE RINGS. OR
EQUIVALENT TO ATTACH FABRIC TO POSTS. 2"x2" BY 14 Go. WIRE OR

EQUIVALENT, IF STANDARD--f J.

_:_ _._ 1 _

I I , I'liii _ i •

T TJ _T T-'_ _,NiMUM,"x," _ i
6'_x I

U / L I BACKFILL TRENCH ' "/--

NAT'_SO=LOR3/4"-I.S_/_r_ '

POST SPACING MAY' BE INCREASED WASHED GRAVEL
TO 8' iF WIRE BACKING IS USED

2"x4" WOOD POSTS, STEEL FENCE
REBAR, OR EQUIVALENTNOTE: FILTER FABRIC FENCES SHALL BE _'u_J_,

INSTALLED ALONG CONTOUR WHENEVER POSSIBLE
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SECTIOND.4 ESC MEASURES

D.4.3.2 BRUSH BARRIER

Code: BB Symbol: _CCCC(__

Purpose

The purpose of brush barriers is to reduce the transport of coarse sediment from a construction site by
providing a temporary physical barrier to sediment and reducing the runoff velocities of overland flow.

Conditionsof Use

1. Brush barriers may be used downslope of all disturbed areas.

2. Brush barriers are not intended to treat concentrated flows, nor are they intended to treat substantial

amounts of overland flow. Any concentrated flows must be conveyed through the drainage system to

a sediment trap or pond. The only circumstance in which overland flow can be treated solely by a
barrier, rather than by a sediment trap or pond, is when the area draining to the barrier is small (see
"Criteria for Use as Primary Treatment" on page D-18).

Design and Installation Specifications
1. See Figure D.4.F for details.

2. King County may require filter fabric (geotextile) anchored over the brush berrn to enhance the
filtration ability of the barrier.

MaintenanceStandards

1. There shall be no signs of erosion or concentrated runoff under or around the barrier. If concentrated

flows are bypassing the barrier, it must be expanded or augmented by toed-in filter fabric.

2. The dimensions of the barrier must be maintained.

I FIGURE D.4.F BRUSH BARRIER I

IF REQUIRED, DRAPE FILTER FABRIC
OVER BRUSH AND SECURE IN 4"x4"
MIN. TRENCH WITH COMPACTED
BACKFILL

ANCHOR DOWNHILL EDGE OF
FILTER FABRIC WITH STAKES,

SANDBAGS, OR EQUIVALENT

kilN. 5' WIDE BRUSH BARRIER WITH _'_ _2' MIN. HEIGHT
MAX. 6" DIAMETER WOODY DEBRIS.
ALTERNATIVELY TOPSOIL STRIPPING ¢;

MAYBEOSEDTOFORMTH_BARR,ER. AR 032436
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D.4.3wPERIMETERPROTECTION

D.4.3.3 VEGETATED STRIP
I

Code: VS Symbol: i
@

Purpose
Vegetated strips reduce the transport of coarse sediment from a construction site by providing a temporary
physical barrier to sediment and reducing the runoff velocities of overland flow.

Conditionsof Use
l. Vegetated strips may be used downslope of all disturbed areas.

2. Vegetated strips are not intended to treat concentrated flows, nor are they intended to treat substantial
amounts of overland flow. Any concentrated flows must be conveyed through the drainage system to
a sediment trap or pond. The only circumstance in which overland flow can be treated solely by a
strip, rather than by a sediment trap or pond, is when the area draining to the strip is small (see
"Criteria for Use as Primary Treatment" on page D-18).

Design and Installation Specifications

1. The vegetated strip shall consist of a 25-foot wide continuous strip of dense vegetation with a
permeable topsoil. Grass-covered, landscaped areas are generally not adequate because the volume of
sediment overwhelms the grass. Ideally, vegetated strips shall consist of undisturbed native growth
with a weU-developed soil that allows for infiltration of runoff.

2. The slope within the strip shall not exceed 4H:IV.

3. The uphill boundary of the vegetated strip shall be delineated with clearing limits as specified in
Section D.4.1 (p. D-6).

Maintenance Standards

1. Any areas damaged by erosion or construction activity shall be seeded immediately and protected by
mulch.

2. If more than 5 feet of the original vegetated strip width has had vegetation removed or is being eroded,
sod must be installed.

3. If there are indications that concentrated flows are traveling across the buffer, surface water controls
must be installed to reduce the flows entering the buffer, or additional perimeter protection must be
installed.

AR 032437
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SECTIOND.4 ESCMEASURES

D.4.4 TRAFFIC AREA STABILIZATION

ESC Requirement 4: Unsurfaced entrances, roads, andparking areas used by construction traffic shall b_
stabilized to minimize erosion and tracking of sediment off site. Stabilized construction entrances shall be

instaUed as the first step in clearing and grading. At the County's discretion, road and parking area
stabilization is not required during the dry season (unless dust is a concern) or if the site is underlain by
coarse-grained soils. Roads and parking areas shall be stabilized immediately after initial grading.

Purpose: The purpose of traffic area stabilization is to reduce the amount of sediment transported off site
by construction vehicles and to reduce the erosion of areas disturbed by vehicle traffic. Sediment
transported off site onto paved streets is a significant problem because it is difficult to effectively remove,
and any sediment not removed ends up in the drainage system. Additionally, sediment on public right-of-
way can pose a serious traffic hazard. Construction road and parking area stabilization is important
because the combination of wet soil and heavy equipment traffic typically forms a slurry of easily erodible
mud. Finally, stabilization also is an excellent form of dust control in the summer months.

When to Install: The construction entrance is to be installed as the first step in clearing and grading.
Constructionroad stabilization shall occur immediately after initial grading of the construction roads and
parking areas.

Measures to Use: There are two types of traffic area stabilization: (1) a stabilized construction entrance
and (2) construction road/parking area stabilization. Both measures must be used as specified under
"Conditions of Use" for each measure.

D.4.4.1 STABILIZED CONSTRUCTION ENTRANCE

]

Code: CE Symbol:

Purpose

Constructionentrancesarestabilizedto reducetheamountof sedimenttransportedontopavedroadsby
motor vehicles or runoff by constructing a stabilized pad of quarry spalls at entrances to construction sites.

Conditions of Use

Construction entrances shall be stabilized wherever traffic wiU be leaving a construction site and traveling.
on paved roads or other paved areas within 1,000 feet of the site.

Design and Installation Specifications

1. See Figure D.4.G for details.

2. A separation geotextile shall be placed under the spalls to prevent fine sediment from pumping up into
the rock pad. The geotextile shall meet the following standards:

GrabTensileStrength(ASTMD4751) 200 psimin.

GrabTensileElongation(ASTMD4632) 30% max.

MullenBurstStrength(ASTMD3786-80a) 400 psimin.

.AOS(ASTMD4751) 20-45 (U.S. standardsievesize)

3. Hog fuel may be substituted for or combined with quarry spalls in areas that will not be used for

permanent roads. The effectiveness of hog fuel is highly variable, but it has been used successfully or, __
many sites. It generally requires more maintenance than quarry spalls. The inspector may at any time

9/1/98 Erosionand SedimentControlStandards
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D.4.¢--TRAFFIC _ STABILIZATION

require the use of quarry spalls if the hog fuel is not preventing sediment from being tracked onto
pavement or if the hog fuel is being carried onto pavement. Hog fuel is prohibited in permanent
roadbeds because organics in the subgrade soils cause difficulties with compaction.

4. Fencing (see Section D.4.1) shall be installed as necessary to restrict traffic to the construction
entrance.

5. Whenever possible, the entrance shaU be constructed on a firm, compacted subgrade. This can
substantially increase the effectiveness of the pad and reduce the need for maintenance.

Maintenance Standards

l. Quarry spalls (or hog fuel) shall be added if the pad is no longer in accordance with the specifications.

2. If the entrance is not preventing sediment from being tracked onto pavement, then alternative

measures to keep the streets free of sediment shall be used. This may include street sweeping, an
increase in the dimensions of the entrance, or the installation of a wheel wash. If washing is used, it

shall be done on an area covered with crushed rock, and washwater shall drain to a sediment trap or
pond.

3. Any sediment that is tracked onto pavement shall be removed immediately by sweeping. The
sediment collected by sweeping shall be removed or stabilized on site. The pavement shall not be

cleaned by washing down the street, except when sweeping is ineffective and there is a threat to public
safety. If it is necessary to wash the streets, the construction of a small sump shall be considered. The
sediment would then be washed into the sump.

4. Any quarry spalls that are loosened from the pad and end up on the roadway shall be removed
iramediately.

5. If vehicles are entering or exiting the site at points other than the construction entrance(s), fencing (see
- Section D.4.1) shall be installed to control traffic.

i FIGURE D.4.G STABILIZ_.D CONSTRUCTION ENTRANCE I

AS PER KING COUNTY ROAD STANDARDS,DRIVEWAYSSHALL BE PAVED TO THE EDGE
..,,'_,_G _Ol_O _. OF R-O-W PRIOR TO INSTALLATIONOF THE

,S'_'_ CONSTRUCTIONENTRANCE TO AVOID
_._.,¢_v _/ DAMAGINGOF THE ROADWAY

_ _-- _N IT IS RECOMMENDEDTHAT THE
R = 25' MIN.I_ _ _ ENTRANCE BE CROWNED SO THAT

• _ _ RUNOFF DRAINS OFF THE PAD

INSTALL DRIVEWAYCULVERT IF THERE _(_C"_/_
IS A ROADSIDE DITCH PRESENT, AS '_=_ :_/

PER KING COUNTY ROAD STANDARDS ./,,__ J

12" MIN. THICKNESS_ _ PROVIDE F'ULLWIDTH OF
INGRESS/EGRESS AREA
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D.4.4.2 CONSTRUCTION ROAD/PARKING AREA STABILIZATION

Code: CRS Symbol: __ ....

Purpose

Stabilizing subdivision roads, parking areas, and other onsite vehicle transportation routes immediately
after grading reduces erosion caused by construction traffic or runoff.

Conditionsof Use

1. Roads or parking areas shall be stabilized wherever they are constructed, whether permanent or
temporary, for use by construction traffic.

2. Fencing (see Section D.4.1) shall be installed, if necessary, to limit the access of vehicles to only those
roads and parking areas that are stabilized.

Design and InstallationSpecifications

l. A 6-inch depth of 2- to 4-inch crushed rock, gravel base, or crushed surfacing base course shall be
applied immediately after grading or utility installation. A 4-inch course of asphalt treated base
(ATB) may also be used, or the road/parking area may be paved. It may also be possible to use
cement or calcium chloride for soil stabilization. If the area will not be used for permanent roads,
parking areas, or structures, a 6-inch depth Ofhog fuel may also be used, but this is likely to require
more maintenance. Whenever possible, construction roads and parking areas shall be placed on a
finn, compacted subgracle. Note: If the area will be usedfor permanent road or parking installation
later in the project, the subgrade will be subject to inspection.

2. Temporary road gradients shall not exceed 15 percent. Roadways shall be carefully graded to dralp ......
transversely. Drainage ditches shall be provided on each side of the roadway in the case of a crowned
section, or on one side in the case of a super-elevated section. Drainage ditches shall be designed in
accordance with the standards given in Section D.4.6.3 (p. D-37) and directed to a sediment pond or
trap.

3. Rather than relying on ditches, it may also be possible to grade the road so that runoff sheet-flows

into a heavily vegetated area with a well-developed topsoil. Landscaped areas are not adequate. If
this area has at least 50 feet of vegetation, then it is generally preferable to use the vegetation to treat
runoff, rather than a sediment pond or trap. The 50 feet shall not include vegetated wetlands. If
runoff is allowed to sheetflow through adjacent vegetated areas, it is vital to design the roadways and
parking areas so that no concentrated runoff is created.

4. In order to control construction traffic, the County can require that signs be erected on site informing
construction personnel that vehicles, other than those performing clearing and grading, are restricted
to stabilized areas.

MaintenanceStandards

Crushed rock, gravel base, hog fuel, etc. shall be added as required to maintain a stable driving surface and
to stabilize any areas that have eroded.

AR 032440

9/1/98 Erosionand SedimentControlStandards
D-24



D.4.5==-SEDIMENTRETENTION

D.4.5 SEDIMENT RETENTION

ESC Requirement 5: Surface watercollected from disturbed areasof the site shall be routedthrough a
sediment pond or trap prior to release from the site. An exception is for areas at the perimeter of the site
with drainage areas small enough to be treated solely with perimeter protection (see Section D.4.3, p. D-
18). Also, if the soils and topography are such that no offsite discharge of surface water is anticipated up
to and including the developed 2-year runoff event, sediment ponds and traps are not required. A 10-year
peak flow shall be used for sediment pond/trap sizing if the project size, expected timing and duration of
construction, or downstream conditions warrant a higher level of protection (see below). At the County's
discretion, sites may be worked during the dry season without sediment ponds and traps if there is some
other form of protection of surface waters, such as a 100-foot forested buffer between the disturbed areas
and adjacent surface waters. Protection of catch basins is required for inlets that are likely to be impacted
by sediment generated by the project and that do not drain to an onsite sediment pond or trap. Sediment
retention facilities shall be installed prior to grading of any contributing area.

Purpose: The purpose of sediment retention facilities is to remove sediment from runoff generated from
disturbed areas.

When to Install: The facilities shall be constructed as the fast step in the clearing and grading of the site.
The surface water conveyances can then be connected to the facilities as site development proceeds.

Measures to Use: There are three sediment retention measures in this section. The fn'st two, sediment
traps and ponds, serve the sarae function but for different size catchments. All runoff from disturbed areas
must be routed through a trap or pond except for very small areas as specified in Section D.4.3. The third
measure is for catch basin protection. It is only to be used in limited circumstances and is not a primary
sediment treatment facility. It is only intended as a backup in the event of failure of other onsite systems.

Use of Permanent Drainage Facilities: All projects that are constructing permanent facilities for runoff
quantity control are strongly encouraged to use the rough-graded or final-graded permanent facilities for
ponds and traps. This includes combined facilities and inf'fltration facilities. When permanent facilities
are used as temporary sedimentation facilities, the surface area requirements of sediment traps (for
drainages less than 3 acres) or sediment ponds (more than 3 acres) must be met. If the surface area
requirements are larger than the surface area of the permanent facility, then the pond shall be enlarged to
comply with the surface area requirement. The permanent pond shall also be divided into two cells as
required for sediment ponds. Either a permanent control structure or the temporary control structure
described in Section D.4.5.2 can be used. If a permanent control structure is used, it may be advisable to
partially restrict the lower orifice with gravel to increase residence time while still allowing dewatering of
the pond.

If infiltration facilities axe to be used, the sides and bottom of the facility must only be rough excavated to
a minimum of three feet above final grade. Excavation should be done with a backhoe working at "arms
length" to minimize disturbance and compaction of the infiltration surface. Additionally, any required
pretreatment facilities shall be fully constructed prior to any release of sediment-laden water to the facility.
Pretreatment and shallow excavation are intended to prevent the clogging of soil with fines. Final grading
of the infiltration facility shall occur only when all contributing drainage areas are fully stabilized (see
Section D.5.5,p.D-.44).

Selection of the Design Storm: In most circumstances, the use of the developed 2-year runoff event is
sufficient for calculating surface area forponds and traps and for determining exemptions to ESC
Requirements 5 and 6 (Sections D.4.5 and0, respectively). In some circumstances, however, the 10-year
peak flow should be used. Examples of such circumstances include the following:

• Sites that arewithin _Amile of salmonid streams, Class 1 wetlands, and designated sensitive lakes such
as Lake Sammamish

• Sites where significant clearing and grading is likely to occur during the wet season

• Sites with downstream erosion or sedimentation problems.
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Natural Vegetation: Whenever possible, sediment-laden water shall be discharged into onsite, relatively
level, vegetated areas. This is the only way to effectively remove fine particles from runoff. This can be
particularly useful after initial treatment in a sediment retention facility. The areas of release must be
evaluated on a site-by-site basis in order to determine appropriate locations for and methods of releasing
runoff. Vegetated wetlands shall not be used for this purpose. Frequently, it may be possible to pump
water from the collection point at the downhill end of the site to an upslope vegetated area. Pumping shall
only augment the treatment system, not replace it because of the possibility of pump failure or runoff
volume in excess of pump capacity.

D.4.5.1 SEDIMENT TRAP

Code: ST Symbol: _"__:__

Purpose

Sediment traps remove sediment from runoff originating from disturbed areas of the site. Sediment traps
axe typically designed to only remove sediment as small as medium silt (0.02 ram). As a consequence,
they usually only result in a small reduction in turbidity.

Conditionsof Use

A sediment trapshall be used where the contributing drainage area is 3 acres or less.

Designand InstallationSpecifications

1. See Figure D.4.H for details.

2. If permanent runoff control facilities are part of the project, they should be used for sediment retention ....
(see "Use of Permanent Drainage Facilities" on page D-25).

3. To determine the trap geometry, fast calculate the design surface area (SA) of the trap, measured at the
invert of the weir. Use the following equation:

SA = FS(Q21Vs)

where Q2 = Design inflow based on the peak discharge from the developed 2-year runoff event
from the contributingdrainageareaas computed in the hydrologic analysis. The 10-
yearpeak flow shall be used if the project size, expected timing and duration of
construction, or downstream conditions warranta higher level of protection. If no
hydrologic analysis is required, the Rational Method may be used (Section 3.2.1 of
the Surface Water Design Manual).

Vs = The settling velocity of the soil particle of interest. The 0.02 mm (medium silt)
particle with an assumed density of 2.65 g/cm 3 has been selected as the particle of
interest and has a settling velocity (Vs) of 0.00096 f-t/see.

FS = A safety factor of 2 to account for non-ideal settling.

Therefore, the equation for computing surface area becomes:

AR 032442SA = 2 x Q2/0.00096 or 2080 square feet per cfs of inflow

Note: Even if permanent facilities are used, they must still have a surface area that is at least as large
as that derived from the above formula. If they do not, the pond must be enlarged. ....

4. To aid in determining sediment depth, all traps shall have a staff gage with a prominent mark one foot "-
above the bottom of the trap.
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MaintenanceStandards

I. Sediment shall be removed from the trap when it reaches 1 foot in depth.

2. Any damage to the trap embankments or slopes shall be repaired.

I. FIGURE D.4.H SEDIMENT TRAP II
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D.4.5.2 SEDIMENT POND

,, 1

Code: SP Symbol: _

Purpose

Sediment ponds remove sediment from runoff originating from disturbed areas of the site. Sediment
ponds are typically designed to only remove sediment as small as medium silt (0.02 ram). As a

consequence, they usually reduce turbidity only slightly.

Conditions of Use

A sediment pond shall be used where the contributing drainage area is 3 acres or more.

Design and Installation Specifications

l. See Figure D.4.I, Figure D.4.J, and Figure D.4.K for details.

2. If permanent runoff controlfacilitiesare partof the project, they should be used for sediment retention
(see "Use of Permanent Drainage Facilities" on page D-25).

Determining Pond Geometry

1. Obtain the discharge from the hydrologic calculations of the peak flow for the 2-year runoff event

(Q2). The 10-year peak flow shall be used if the project size, expected timing and duration of
construction, or downstream conditions warrant a higher level of protection. If no hydrologic analysis
is required, the Rational Method may be used (Section 3.2.1 of the Surface Water Design Manual).

2. Determine the required surface area at the top of the riser pipe with the equation:

SA = 2 x Q2/0.00096 or 2080 square feet per cfs of inflow

See Section D.4.5.1 (p. D-26) for more information on the derivation of the surface area calculation.

3. The basic geometry of the pond can now be determined using the following design criteria:

• Required surface area SA (from Step 2 above) at top of riser

• Minimum 3.5-foot depth from top of riser to bottom of pond

• Maximum 3:1 interior side slopes and maximum 2:1 exterior slopes. The interior slopes can be
increased to a maximum of 2:1 if fencing is provided at or above the maximum water surface

• One foot of freeboard between the top of the riser and the crest of the emergency spillway

• Flat bottom

• Minimum one foot deep spillway

• Length-to-width ratio between 3:1 and 6:1.

Sizing of Discharge Mechanisms

Principal Spillway: Determine the required diameter for the principal spillway (riser pipe). The diameter

shall be the minimum necessary to pass the pre-developed 10-year peak flow (Qlo). Use Figure 5.3.4.H
(SWDM Chapter 5) to determine this diameter (h = one foot). Note: A permanent control structure may be
used instead of a temporary riser.

AR 032444 -
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Emergency Overflow Spillway: Determine the required size and design of the emergency overflow
spillway for the developed 100-year peak flow using the procedure in Section 5.3.1 ("Emergency
Overflow Spillway" subsection) of the Surface Water Design Manual.

Dewatering Orifice: Determine the size of the dewatering orifice(s) (minimum 1-inch diameter) using a
modified version of the discharge equation for a vertical orifice and a basic equation for the area of a
circular orifice.

1. Determine the required area of the orifice with the following equation:

A., (2h) °'5

A o = 0.6x3600TgO.5

where Ao = orifice area (square feet)
As = pond surface area (square feet)
h = head of water above orifice (height of riser in feet)
T = dewatering time (24 hours)
g = acceleration of gravity (32.2 feet/second 2)

2. Convert the required surface area to the required diameter D of the orifice:

D -- 24x_-_ = 13.54x_]-_"o

3. The vertical, perforated tubing connected to the dewatering orifice must be at least 2 inches larger in
diameter than the orifice to improve flow characteristics. The size and number of perforations in the
tubing should be large enough so that the tubing does not restrict flow. The flow rate should be
controlled by the orifice.

Additional Design Specifications

• The pond shall be divided into two roughly equal volume cells by a permeable divider that will
reduce turbulence while allowing movement of water between ceils. The divider shall be at least one-
half the height of the riser and a minimum of one foot below the top of the riser. Wire-backed, 2- to
3-foot high, extra strength filter fabric (see Section D.4.3.1) supported by treated 4"x4"s can be used
as a divider. Alternatively, staked straw bales wrapped with filter fabric (geotextile) may be used.

If the pond is more than 6 feet deep, a different mechanism must be proposed. A riprap embankment
is one acceptable method of separation for deeper ponds. Other designs that satisfy the intent of this
provision are allowed as long as the divider is permeable, structurally sound, and designed to prevent
erosion under or around the barrier.

• To aid in determining sediment depth, one-foot intervals shall be prominently marked on the riser.

• If an embankment of more than 6 feet is proposed, the pond must comply with the criteria under
"Embankments" in Section 5.3.1 of the Surface Water Design Manual.

Maintenance Standards

1. Sediment shall be removed from the pond when it reaches 1 foot in depth.

2. Any damage to the pond embankments or slopes shall be repaired.

AR 032445
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II FIGURE D.4.I SEDIMENT POND PLAN VIEW ]1....
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I FIGURED.4.K SEDIMENT POND RISER DETAIL I
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D.4.5.3 STORM DRAIN INLET PROTECTION

Code: FFP or CBI Symbol: or

Purpose
Storm drain inlets are protected to prevent coarse sediment from entering storm drainage systems.

Conditions of Use

1. Protection shall be provided for all storm drain inlets downslolSeand within 500 feet of a disturbed or
construction area, unless the runoff that enters the catch basin will be conveyed to a sediment pond or
trap.

2. Inlet protection may be used anywhere at the applicant's discretion to protect the drainage system.
This will, however, require more maintenance, and it is highly likely that the drainage system will still
require some cleaning.

Design and Installation Specifications

1. Thereare two options for protecting storm drain inlets: filter fabric protection and catch basin
inserts. Fitterfabric protection (see Figure D.4.L) is filter fabric (geotexfile) placed over the grate.
Catch basin inserts (see Figure D.4.M) are manufactured devices that nest inside a catch basin. Both
options are much simpler to maintain than many other methods of storm drain inlet protection and are
not a hazard to traffic. Both options provide adequate protection, but filter fabric is likely to result in
ponding of water above the catch basin, while the insert will not. Thus, filter fabric is only allowed
where ponding will not be a traffic concern and where slope erosion will not result if the curb is
overtopped by ponded water.

Trapping sediment in the catch basins is unlikely to improve the water quality of runoff if it is treated
in a pond or trap because the coarse particles that are trapped at the catch basin settle out very quickly

- in the pond or trap. Catch basin protection normally only improves water quality where there is
no treatment facility downstream. In these circumstances, catch basin protection is an important
last line of defense. It is not, however, a substitute for preventing erosion.

ErosionandSedimentControlStandards 911/98
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In addition, the use of catch basin protection has been severely scaled back and revised from previous
versions of the Surface Water Design Manual due to field observations. The traditional method of

protection has been placement of filter fabric under the grate of the catch basin. This method is very
difficult to maintain, leads to ponding, and can cause substantial erosion because curbs can be

overtopped, and concentrated runoff then erodes slopes. The placement of filter fabric under grates is
therefore prohibited and the use of filter fabric over grates is strictly limited and discouraged.

2. It is sometimes possible to construct a small sump around the catch basin before final surfacing of the
road. This is allowed because it can be a very effective method of sediment control.

Maintenance Standards

l. Any accumulated sediment on or around the filter fabric protection shall be removed immediately.
Sediment shall not be removed with water, and all sediment must be disposed of as fill on site or
hauled off site.

2. Any sediment in the catch basin insert shall be removed when the sediment has filled one-third of the

available storage. The filter media for the insert shall be cleaned or replaced at least monthly.

3. Regularmaintenanceis critical forboth formsof catch basin protection. Unlikemany forms of
protection that fail gradually, catch basin protection will fail suddenly and completely if not
maintained properly.

i FIGURE D.4.L FILTER FABRIC PROTECTION 11

STANDARDSTRENGTH

FILTERFABRIC_ f GRATE
_•'I • • • • I"I I I" I • I I1_ ''-- NOTE:ONLYTO BE USEDWHERE

I]_ _ ]1= CATCH BASIN WILL NOT CAUSE

-_111 _ TRAFFIC PROBLEMS AND WHERE
OVERFLOW WILL NOT RESULT IN

CATCH BASIN EROSION OF SLOPES.

I FIGURE D.4.M CATCH BASIN INSERT I

CATCH BASIN GRATE

• • • • • • • • mfPm m m • •

-- _ OVERFLOW J = SCHEMATIC. ANY INSERT ISSOLID.._ _ ALLOWED THAT HAS A MIN.0.5 C.F. OF STORAGE, THE MEANS

WALLS -_ _ _ TO DEWATER THE STORED
FILTER MEDIA _ II SEDIMENT, AN OVERFLOW, AND
FOR DEWATERING- _ -" CAN BE EASILY MAINTAINED.

AR 032448

9/1/98 Erosion and Sediment Control Standards
D-32



DA.6--SURFACEWATERCONTROL

D.4.6 SURFACE WATER CONTROL

ESC Requirement 6: All surface water from disturbed areasshall be intercepted, conveyed to a sediment
pond or trap,and discharged downslope of any disturbedareas. An exception is for areas at the perimeter
of the site with drainageareas small enough to be treated solely with perimeter protection (see Section
D.4.3). Also, if the soils and topography are such that no offsite discharge of surface water is anticipated
up to and including the developed 2-year runoff event, surface watercontrols are not required. A 10-year
peak flow shall be used for sizing surfacewater controls ff the project size, expected timing and duration
of construction,or downstreamconditions warranta higher level of protection (see the introduction to
Section D.4.5). At the County's discretion, sites may be worked during the dryseason without surface
water controls, if there is some other form of protectionof surface waters, such as a 100-foot forested
buffer between the disturbedareasand adjacentsurface waters. Significant sources of upslope surface
water that drain onto disturbed areas shall be interceptedand conveyed to a stabilized discharge point
downslope of the disturbedareas. Surface watercontrols shall be installed concurrently with rough
grading.

Purpose: The purpose of surface watercontrol is to collect and convey surface water so that erosion is
minimized, and runoff from disturbedareas is treated by a sediment pond or trap. Surface water control
essentially consists of three elements:

1. Interception of runoff on and above slopes

2. Conveyance of the runoff to a sediment pond or trap(if the runoff was collected from a disturbed
area)

3. Release of the runoff downslope of any disturbed areas.

When to Install: Surface watercontrols shall be constructed during the initial grading of an area and must
be in place before there is any opportunity for storm runoff to cause erosion.

Measures to Install: Interceptor dikes/swales intercept runoff, ditches and pipe slope drains convey the
runoff, and riprap or level spreaders help release the runoff in a non-erosive manner. Each measure is to
be used underdifferent circumstances so there is very little overlap. However, the two options for
releasing water in a non-erosive manner, outlet protection and level spreaders, can be somewhat
interchangeable. See Figure D.4.N for a schematic drawing demonstrating the use of these measures.

AR 032449
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II FIGURE D.4.N SKETCH PLAN OF SURFACE WATER CONTROLS I[
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D.4.6.1 INTERCEPTOR DIKE AND SWALE

Code: ID or IS Symbol: r or _

Purpose

Interceptor dikes and swales intercept storm runoff from drainage areas on or above disturbed slopes and
convey it to a sediment pond or trap. They can also be used to intercept runoff from undisturbed areas and

convey the runoff to a point below any exposed soils. Interception of surface water reduces the possibility

of slope erosion. Interceptor dikes and swales differ from ditches (see Section D.4.6.3) in that they are
intended to convey smaller flows along low-gradient drainage ways to larger conveyance systems such as
ditches or pipe slope drains.

Conditions of Use

Interceptor dikes and swales are required in the following situations:

1. At the top of all slopes in excess of 3H: 1V and with more than 20 feet of vertical relief.

2. At intervals on any slope that exceeds the dimensions specified in this section for the horizontal
spacing of dikes and swales.

Design and Installation Specifications

1. See Figure D.4.O for details of an interceptor dike and Figure D.4.P for an interceptor swale. .

AR 032450

911/98 Erosion and Sediment Control Standards
D-M



D.4.6---SURFACE WATER CONTROL

2. Interceptor dikes and swales shall be spaced horizontally as follows:

Average Slope Slope Percent Fiowpath Length

20H: 1V or less 3-5% 300 feet

(10 to 20)H:IV 5-10% 200 feet

(4 to 10)H: 1V 10-25% 100 feet

(2 to 4)H:IV 25-50% 50 feet

3. For slopes steeper than 2H:IV with more than 10 feet of vertical relief, benches may be constructed
or closer spaced interceptor dikes or swales can be used. Whichever measure is chosen, the spacing

and capacity of the measures must be designed by the engineer and the design must include provisions
for effectively intercepting the high velocity runoff associated with steep slopes.

4. If the dike or swale intercepts runoff from disturbed areas, it shall discharge to a stable conveyance
system that routes the runoff to a sediment pond or trap (see Section D.4.5). If the dike or swale
intercepts runoff that originates from undisturbed areas, it shall discharge to a stable conveyance

system that routes the runoff downslope of any disturbed areas and releases the water at a stabilized
outlet.

5. Construction traffic over temporary dikes and swales shall be minimized.

MaintenanceStandards

1. Damage resulting from runoff or construction activity shall be repaired immediately.

2. If the facilities do not regularly retain storm runoff, the capacity and/or frequency of the dikes/swales
shall be increased.
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D.4.6.2 PIPE SLOPE DRAINS

-Code: PD Symbol:

Purpose

Pipe slope drains are designed to carry concentrated runoff down steep slopes without causing erosion, or
saturation of slide-prone soils.

Conditions of Use

1. Pipe slope drains may be used on any slope with a gradient of 2H:1V or greater and with at least 10
feet of vertical relief.

2. Rock-lined ditches or other permanent, non-erosive conveyances may also be used to convey runoff
down steep slopes that are not steep slope hazard areas.

Design and Installation Specifications

1. See Figure D.4.Q for details.

2. The capacity for temporary drains shall be sufficient to handle the peak flow from a developed 10-
year runoff event. Up to 30,000 square feet may be drained by each 6-inch minimum diameter pipe
without computation of the peak flow. Up to 2 acres may be drained by each 12-inch minimum
diameter pipe. Otherwise, the peak flow will need to be computed using the Rational Method
described in Section 3.2.1 of the Surface Water Design Manual (SWDM).

3. The maximum drainage area allowed for any sized pipe is 10 acres. For larger areas, more than one
pipe shall be used or a rock-lined channel shall be installed (see SWDM Section 4.4.1, "Open
Channels").

4. The soil around and under the pipe and entrance section shall be thoroughly compacted.

5. The flared inlet section shall be securely connected to the slope drain and be fused or welded, or
have flange-bolted mechanical joints to ensure a watertight seal.

6. Slope drains shall be continuously fused, welded, or flange-bolted mechanical joint pipe systems with
proper anchoring to the soil.

7. Where slope drains cross steep slope hazard areas or their associated buffers, the installation shall be
on the ground surface, accomplished with minimum alteration. In most circumstances, this requires
that slope drains be constructed of corrugated metal, CPE, or equivalent pipe and installed by hand
(see SWDM Section 4.2.1). Any area disturbed during installation or maintenance must be
immediately stabilized.

8. If the pipe slope drain will convey sediment-laden runoff, the runoff must be directed to a sediment
retention facility (see Section D.4.5). If the runoff is not from a disturbed area or is conveyed from a
sediment trap or pond, it must be conveyed to a stabilized discharge point (see Section D.4.6.4).

Maintenance Standards

1. The inlet shall not be undercut or bypassed by water. If there are problems, the head wall shall be
appropriately reinforced.

2. No erosion shall occur at the outlet point. If erosion occurs, additional protection shall be added.

AR 032452 -,,
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I FIGURE D.4.Q PIPE SLOPE DRAIN [I
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D.4.6.3 DITCHES

@Code: DI Symbol: _ w._

Purpose

Ditches convey intercepted runoff from disturbed areas to and from sediment ponds or traps. They also

- convey runoff intercepted from undisturbed areas around the site to a non-erosive discharge point.

Conditionsof Use

Ditches may be used anywhere that concentrated runoff is to be conveyed on or around the construction
site. Temporary pipe systems can also be used to convey runoff.

Design and InstallationSpecifications

1. Channels and ditches shall be sized to accommodate the peak flow from the developed 10-year runoff
event with 0.5 feet of freeboard. If no hydrologic analysis is required for the site, the Rational Method
may be used [see Section 3.2.1 of the Surface Water Design Manual (SWDM)].

2. See SWDM Section 4.4.1 for open-channel design requirements.

3. The only exception to the requirements of SWDM Section 4.4.1 is the use of check dams, rather than

grass lining, for channels in which the design flow velocity does not exceed 5 fps. See Figure D.4.R
for details on check dam installation.

MaintenanceStandards

1. Any sediment deposition of more than 0.5 feet shall be removed so that the channel is restored to its
design capacity.

2. If the channel capacity is insufficient for the design flow, it must be determined whether the problem
is local (e.g., a constriction or bend) or the channel is under-designed. If the problem is local, the
channel capacity must be increased through construction of a berm(s) or by excavation. If the

problem is under-design, the design engineer shall be notified and the channel redesigned to a more
• conservative standard to be approved by King County.

3. The channel shall be examined for signs of scouring and erosion of the bed and banks. If scouring or
erosion has occurred, affected areas shall be protected by riprap or an erosion control blanket or net.

Erosion and Sediment Control Standards 9/1/98
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D.4.6.4 OUTLET PROTECTION

Code: OP Symbol:

Purpose

Outletprotectionpreventsscourat conveyanceoutlets.

Conditions of Use

Outlet protection is required at the outlets of all ponds, pipes, ditches, or other approved conveyances, and

where runoff is conveyed to a natural or manmade drainage feature such as a stream, wetland, lake, or
ditch.

Design and Installation Specifications

For the standardpipeslopedrainsinSectionD.4.6.2and othersmallerconveyancesystems,the standard
rockpad (6 feet by 8 feet)madeof 1-footthick quarryspaUis adequate.Forall otheroutlets, the outlet
protectionshallmeet the requirementsof the "OuffaUs"sectionof CoreRequirement#4 andSection4.2.2
of the Surface WaterDesign Manual.

Maintenance Standards for Outlet Protection

If there is scourat the outlet,the erodedarea shallbe protectedwith more conservativemeasuresproposed
by the designengineerand approvedby King County.
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D.4.6.5 LEVEL SPREADER

Purpose

Level spreaders convert concentrated runoff to sheet flow and release it onto areas stabilized by existing
vegetation.

Conditions of Use

Level spreaders may be used where runoff from undisturbed areas or sediment retention facilities is
discharged. This practice applies only where the spreader can be constructed on undisturbed soil and the
area below the level lip is vegetated and low gradient (see below).

Note: Level spreaders are conceptually an ideal way to release stormwater since the vegetation and soil
allow for the removal of fines from runoff that cannot be removed by settling or filtration. Unfortunately,
the performance record of spreaders in the field is dismal. They are frequently under-designed and,
despite the best installations, are rarely perfectly level, which results in the release of stormwater at a
particular point. This concentrated runoff can result in catastrophic erosion downslope. Given such
design failures, the use of spreaders is not encouraged. However, where slopes are gentle and the water
volume is relatively low, spreaders may still be the best method. Whenproposing their use, the designer
shall carefully evaluate the site for possible concerns.

Design and Installation Specifications

1. See Figure D.4.S for detail. Other designs may be used subject to County approval.

2. If runoff velocity as it enters the level spreader is more than 4 fps for the developed 10-year peak flow,
a riprap apron must be provided to dissipate energy before the runoff enters the spreader (Section
D.4.6.4).

3. The total spreader length shall be at least the square root of the catchment area. The maximum
length for an individual spreader is 50 feet, limiting the catchment area that a single spreader may
serve to 2500 square feet. Although this is very small, four 50-foot level spreaders next to one another
could serve nearly an acre (40,000 square feet). Multiple spreaders shall not be placed uphill or
downhill from one another in a configuration that would allow water released from one spreader to
enter a downslope spreader.

4. The area below the spreader for a horizontal distance of 100 feet shall not exceed 20 percent and shall
be completely vegetated with no areas of instability or erosion. The topography for a horizontal
distance of 50 feet below the spreader shall be uniform so that runoff is not funneled into a swale or
channel immediately after its release.

5. The level spreader shall be seeded and mulched in accordance with Section D.4.2 (p. D-8).

Maintenance Standards

1. Any damage to the spreader shall be immediately repaired.

2. The downslope area shall be checked for signs of erosion and to verify that the spreader is not
functioning as a point discharge. Any eroded areas shall be immediately stabilized, and the cause
determined and eliminated if possible. If the erosion is recurrent and the design, even when properly
installed and maintained, is not adequate to prevent erosion, a new method of releasing runoff shall be
installed in accordance with the standards of this appendix. Any new design must be approved by

King County. AR 032455
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FIGURE D.4.S LEVEL SPREADER I
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8' MIN. SPACING

DETAIL OF SPREADER

D.4.7 DUST CONTROL

ESC Requirement 7: Preventative measures to minimize the wind transport of soil shall be taken when a
traffic hazard may be created or when sediment transported by wind is likely to be deposited in water
resources or adjacent properties.

Purpose: To prevent wind transport of dust from exposed soil surfaces onto roadways, drainage ways, and
surface waters.

When to Install: Dust control shall be implemented when exposed soils are dry to the point that wind
transport is possible and roadways, drainage ways, or surface waters are likely to be impacted.

Measures to Install: Water is the most common dust control (or palliative) used in the area. When using
water for dust control, the exposed soils shall be sprayed until wet, but runoff shall not be generated by

spraying. Calcium chloride may also be used for dust control. Exposed areas shall be resprayed as
needed. Oil shall not be used for dust control.

AR 032456
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D.5 ESC IMPLEMENTATION REQUIREMENTS

This section describes the ESC implementation requirements that arerequiredat each construction site.
The measures and practices correspond to the implementation requirements in Core Requirement #5.
Three of the sections [the ESC report (Section D.5.1, below), ESC maintenance requirements (Section
D.5.4, p. D-43), and final site stabilization (Section D.5.5, p. D-44)] are requiredof every project. The
rest of the sections are special requirements that may apply to the project depending on site conditions and
project type. The introductoryparagraphsat the beginning of most sections present the purpose of the
measures and when they should be applied to the site. Compliance with the implementation requirements
(as appropriate for the site) ensures compliance with the ESC Requirements. Note, however, that

additional measures shall be required by the County if the existing standards are insufficient to protect
adjacent properties,drainage facilities, or waterresources.

D.5.1 ESC REPORT

For all proposed projects, an ESC report, including the ESC plan and supporting information for providing
ESC measures and meeting implementation requirements as specified in Section D.6 (p. D-47) shall be
submitted to DDES for review. A copy of this report shall be kept at the project site throughout all phases
of construction. All of the materials requiredfor the report are standard parts of engineering plan
submittals for projects requiringdrainagereview. The simplest approachto preparing this report is to
compile the pieces during preparationfor submittaland include the report as a separate part of the
submittal package. The ESC report shall include the following:

1. A detailed construction sequence, as proposed by the design engineer or erosion control specialist,
identifying required ESC measures and implementation requirements;

2. A technical information report (TIR) and ESC plan for King County review in accordance with
Sections 2.3.1 and 2.3.3 of the Surface Water Design Manual. Incorporate any King County review
comments as necessary to comply with Core Requirement #5 of the SWDM (see Section D.10.1, p. D-
63) and the Erosion and Sediment Control Standards in this appendix;

3. Any calculations or information necessary to size ESC measures and demonstrate compliance with
Core Requirement #5;

4. An inspection and maintenance program in accordance with Section D.5.4 (p. D-43) that includes
the designation of an ESC supervisoras point of contact; and

5. Anticipated changes or additions necessary duringconstruction to ensure that ESC measures
performin accordance with Core Requirement #5 and Sections D.4 (p. D-5) and D.5 (p. D-41).

While the ESC plan focuses on the initial measures to be applied to the site, any changes or additions
necessary duringconstruction to ensure that ESC measuresperform in accordance with Core Requirement
#5 and Sections D.4 and D.5 mustbe identified in the ESC report. The County may require large,
complex projects to phase construction and submit multiple ESC plans for different stages of construction.
Development of new ESC plans is not requiredfor changes that arenecessary duringconstruction.

D.5.2 WET SEASON REQUIREMF.NTS

Any site with exposed soils during the wet season (October 1to April 30) shall be subject to the special
provisions below. In addition to the ESC cover measures (see Section D.4.2, p. D-8), these provisions
include covering any newly seeded areas with mulch and identifying and seeding as much disturbed area
as possible prior to September 23 in orderto provide grass cover for the wet season.

AR 032457
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Wet Season Special Provisions

All of the following provisions for wet season construction are detailed in the referenced sections. These .....

requirements are listed here for the convenience of the designer and the reviewer.

I. The allowed time that a disturbed area can remain unworked without cover measures is reduced to two

days, rather than seven (Section D.4.2).

2. Stockpiles and steep cut and fill slopes are to be protected if unworked for more than 12 hours
(Section D.4.2).

3. Cover materials sufficient to cover all disturbed areas shall be stockpiled on site (Section D.4.2).

4. All areas that are to be unworked during the wet season shall be seeded within one week of the
beginning of the wet season (Section 0).

5. Mulch is required to protect all seeded areas (Section 0).

6. Fifty linear feet of silt fence (and the necessary stakes) per acre of disturbance must be stockpiled on
site (Section D.4.3. I).

7. Construction road and parking lot stabilization are required for ail sites unless the site is underlain by
coarse-grained soil (Section D.4.4.2).

8. Sediment retention is required unless no offsite discharge is anticipated for the specified design flow
(Section D.4.5).

9. Surface water controls are required unless no offsite discharge is anticipated for the specified design
flow (Section 0).

10. Phasing and more conservative BMPs must be evaluated for construction activity near surface waters
(Section D.5.3).

11. Any runoff generated by dewatefing shall be treated through construction of a sediment trap (Section
D.4.5.1) when there is sufficient space or by releasing the water to a well-vegetated, gently sloping ....

area. Since pumps are used for dewatering, it may be possible to pump the sediment-laden water well
away from the surface water so that vegetation can be more effectively utilized for treatment. A straw

bale filter shall be placed around the discharge from the dewatering pump. If there is not space for a
sediment trap or 25 feet of suitable vegetation, other filtration methods shall be required consistent
with KCC 9.12.

12. The frequency of maintenance review increases from monthly to weekly (Section D.5.4).

D.5.3 SENSITIVE AREAS RESTRICTIONS

Any construction that will result in disturbed areas on or within a stream or associated buffer, a Class 1 or

2 wetland or associated buffer, or within 50 feet of a lake shall be subject to the special provisions below.

These provisions include, whenever possible, phasing the project so that construction in these areas is
limited to the dry season. The County may require more conservative BMPs, including more stringent
cover requirements, in order to protect surface water quality. Any project proposing work within 50 feet

of a steep slope hazard area shall evaluate the need for diverting runoff that might flow over the top of the
slope.

Sensitive Areas Special Provisions

Any project that disturbs areas on or within a stream or associated buffer, a Class 1 or 2 wetland or

associated buffer, or within 50 feet of a lake has the potential to seriously damage water resources, even if

the project is relatively small. While it is difficult to require specific measures for such projects because
the ESC plan must be very site Specific, the following recommendations shall be incorporated into the plat,

where appropriate:
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1. Whenever possible, phase all or part of the project so that it occurs duringthe dry season. If this is

impossible, November through Februaryshall be avoided since this is the most likely period for large,
high-intensity storms.

2. All projects shall be completed and stabilized as quickly as possible. Limiting the size and duration of
a project is probably the most effective form of erosion control.

3. Where appropriate, sandbags or an equivalent barrier shall be constructed between the project area
and the surface water in order to isolate the construction area from high water that might result due to
precipitation.

4. Additional perimeter protection shall be considered to reduce the likelihood of sediment entering the
surface waters. Such protection might include multiple silt fences, silt fences with a higher AOS,
construction of a berm, or a thick layer of organic mulch upslope of a silt fence.

5. If work is to occur within the ordinary high water mark of a stream, most projects must isolate the
work area from the stream by diverting the stream or constructing a coffer dam. Certain small projects
that propose only a small amount of grading may not require isolation since diversions typically result
in disturbance and the release of some sediment to the stream. For such small projects, the potential
impacts from construction with and without a diversion must be weighed.

6. If a stream must be crossed, a temporary bridge shall be considered rather than allowing equipment to
utilize the streambed for a crossing.

7. Any runoff generated by dewatering shall be treated through construction of a sediment trap (see
Section D.4.5.1) when there is sufficient space, or by releasing the water to a well-vegetated, gently
sloping area. Since pumps are used for dewatering, it may be possible to pump the sediment-laden
water well away from the surface water so that vegetation can be more effectively utilized for
treatment. A straw bale filter shall be placed around the discharge from the dewatering pump. If

_ there is not space for a sediment trap or 25 feet of suitable vegetation, other filtration methods shall be
required consistent with KCC 9.12.

For projects in or near a salmonid stream, it may be appropriate to monitor the composition of any
spawning gravels within a quarter-mile of the site with a McNeil sampler before, during, and after
construction. The purpose of such monitoring would be to determine if the fine content of the gravels
increases as a result of construction impacts. Monitoring results could be used to guide erosion control
efforts during construction and as a threshold for replacing spawning gravels if the fine content rises
significantly.

D.5.4 MAINTENANCE REQUIREMENTS

All ESC measures shall be maintained and reviewed on a regular basis as prescribed in the maintenance

requirements for each BMP and in this section. The applicant shall designate an ESC supervisor who
shall be responsible for maintenance and review of ESC and for compliance with all permit conditions
relating to ESC. The ESC supervisor must be available for rapid response to ESC problems.

The ESC supervisor shall review the site at least once a month during the dry season, weekly during the
wet season, and within 24 hours of significant storms. The County can require that a written record of
these reviews be kept on site with copies submitted to DDES within 48 hours. The County can also
require that the applicant designate an ESC supervisor with demonstrated experience in ESC to perform
these reviews and to be responsible for ESC.

ESC Supervisor

For minor projects, the applicant may serve as the ESC supervisor. The name, address, and phone number
_ of the ESC supervisor shall be supplied to the County prior to the start of construction. A sign shall be

posted at all primary entrances to the site identifying the ESC supervisor and his/her phone number. The
requirement for an ESC supervisor does not relieve the applicant of ultimate responsibility for the project
and compliance with King County Code.

ErosionandSedimentControlStandards
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For highly sensitive sites, the County can requirethat the applicant designate an ESC supervisor with
demonstrated expertise in erosion and sediment control. The qualifications of such a person shall include
at least several years of construction supervision or inspection and a background in geology, soil science, --
or agronomy. Typically, if a geotechnical consultant is alreadyworking on the project, the consultant can
also be the designated ESC supervisor. The design engineer may also be qualified for this position. This
requirement shall only be used for sensitive sites that pose an unusually high risk of impact to surface
waters. At a minimum, the project site shall meet all of the following conditions in order to require the
applicant to designate an ESC supervisor with demonstrated expertise in ESC:

• Alderwood soils or other soils of Hydrologic Group C or D

• Five acres of disturbance

• Large areas with slopes in excess of 10 percent

Proximity to Class I or 2 streams or wetlands or phosphorus-sensitive lakes, such as Lake Sammamish,
shall also be a factor in determining if a site warrants an ESC specialist. However, proximity alone shall
not be a determining factor because even projects that are a considerable distance from surface waters can
result in significant impacts if there is a natural or constructed drainage system with direct connections to
surface waters.

If DDES determines that the onsite ESC measures are inadequatelyinstalled, located, or maintained,
DDES can require the appointment of an ESC supervisor with expertise in erosion and sediment control.

Documentation

If DDES requires that a written record be maintained, a standard ESC Maintenance Report, included in
Section D. 10.2 (p. D-66), may be used. A copy of all the required maintenance reports shall be kept on
site throughout the duration of construction. Detailed maintenance requirements for each ESC measure
are provided in Sections D.4.1 through D.4.7.

Review Timing

During the wet season, weekly reviews shall be carried out every 6 to 8 calendar days. During the dry
season, monthly reviews shall be carried out within 3 days of the calendar day for the last inspection (e.g.,
if an inspection occurred on June 6, then the next inspection must occur between July 3 and July 9).
Reviews shall also take place within 24 hours of significant storms. In general, a significant storm is one
with more than 0.5 inches of rain in 24 hours or less. Other indications that a storm is "significant" are if
the sediment ponds or traps are filled with water, or if gullies form as a result of the runoff.

Note: The site is to be in compliance with the regulations of this appendix at all times. The requirement
for periodic reviews does not remove the applicant's responsibility for having the site constantly in
compliance with Core Requirement #5 and the requirements of this appendix. The reviews are a
mechanism to ensure that all measures are thoroughly checked on a regular basis and that there is
documentation of compliance. The requirement for these reviews does not mean that ESC is to be ignored
in between.

D.5.5 FINAL STABILIZATION

Prior to obtaining final construction approval, the site shall be stabilized, the structural ESC measures,
such as silt fences and sediment traps, removed, and drainage facilities cleaned. The removal of ESC
measures is not required for those projects, such as plats, that will be followed by additional construction
under a different permit. In these circumstances, the need for removing or retaining the measures.must be
evaluated on a site-specific basis.

To obtain final construction approval, the following conditions must be met:

1. All disturbed areas of the site shall be vegetated or otherwise permanently stabilized. At a
minimum, disturbed areas shall be seeded and mulched (see Section 0) with a high likelihood that

sufficient cover will develop short1),after final approval. Mulch without seedin_ is not adequate to
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D.5.5_HNALSTABILIZATION

allow final approval of the permit, except for small areasof mulch used for landscaping. The only
exceptions to these requirements are lots within a plat that are to be developed under an approved
residential permit immediately following plat approval. In these cases, mulch and/or temporary
seeding are adequate for cover.

2. Structural measures such as, but not limited to, silt fences, pipe slope drains, construction entrances,
storm drain inlet protection, and sediment traps and ponds shall be removed from the site. Measures
that will quickly decompose, such as brush barriers and organic mulches, may be left in place. In the
case of silt fences, it may be best to remove fences in conjunction with the seeding, since it may be
necessary to bring machinery back in to remove them. This will result in disturbed soils that will
again require protection. The DDES inspector must approve an applicant's proposal to remove
fencing prior to the establishment of vegetation. In some cases, such as residential building following
plat development, it may be appropriate to leave some or all ESC measures for use during subsequent
development. This shall be determined on a site-specific basis.

3. All permanent surface water facilities, including catch basins, manholes, pipes, ditches, channels,
RfD facilities, and water quality facilities, shall be cleaned. Any offsite catch basin that required
protection during construction (see Section D.4.5.3) shall also be cleaned.

4. If only the infrastructure of the site has been developed (e.g., subdivisions and short plats) with
building construction to occur under a different permit, then the sensitive areabuffers, Sensitive Area
Tracts, or Sensitive Area Setback Area shall be clearly marked as described in Section D.4.1 (p. D-5)
in order to alert future buyers and builders.

D.5.6 ROADS AND UTILITIES

Road and utility projects often pose difficult erosion control challenges because they frequently cross
surface waters and because narrowright-of-way constrains areasavailable to store and treat sediment-
laden water. In most cases, the standards of this appendix can be applied to such linearprojects without
modification. For instance, the abilityto use perimetercontrol rather than a sediment retention facility for
small drainage areas (see Section D.4.3) will apply to many of these projects.

However, there may be some projects that cannot reasonably meet the standards of Core Requirement #5
and this appendix. In these cases, other measures may be proposed that will provide reasonable
protection. An adjustment is not required for such projects, unless the County determines that measures
proposed by the applicant fail to meet the intent of Core Requirement #5 and this appendix, and that
significant adverse impacts to surface water may result. Examples of other measures that may be taken in
lieu of the standards of this appendix are:

1. Phasing the project so that the site is worked progressively from end to end, rather than clearing and
grubbing the entire length of the project. This results in smaller exposed areas for shorter durations,
thus reducing the erosion risk.

2. Mulching and vegetating cut and fill slopes as soon as they are graded. Frequently, this is done at the
end of construction when paving or utility installation is complete. Vegetating these areas at the start
of the project stabilizes those areasmost susceptible to erosion.

3. Protecting all catch basin inlets with catch basin inserts when these do not drain to ponds or traps.
This will not provide the same level of protection as a sediment pond or trap, but can remove most of
the sand-sized material entrained in the runoff.

4. Phasing the project so that all clearing and grading in sensitive area buffers occurs in the dry season.
This substantially reduces the chance of erosion and allows for rapid revegetation in the late summer
and early fall

5. Using flocculents to reduce the turbidity of water released from sediment ponds.

6. Hiring a private consultant with expertise in ESC to review and monitor the site.
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If alternatives are used, it may be appropriateto develop a monitoring program that would monitor
compliance with the performance standard of Core Requirement #5 and/or impacts to nearby water
resources. Of particular concern are impacts to salmonid spawning gravels. McNeil sampling is a -
possible method of sampling to determine impacts to spawning gravels (see Section D.5.3).

D.5.7 NPDES REQUIREMENTS
As part of the implementation of the National Pollutant Discharge Elimination System (NPDES), projects
that will disturb more than five acres of total area must apply for coverage under the Washington State
Department of Ecology's Baseline General Permit for Stormwater. The five-acre threshold applies even if
the five acres are to be disturbed in phases, as long as the construction is "part of a larger common plan of
development or sale." In general, the erosion control plan required by the Surface Water Design Manual
is equivalent to that required by the State through the Stormwater Management Manual for the Puget
Sound Basin (DOE, 1982). The DOE stormwater permit application requires the filing of a Notice of
Intent (NOI) at least 30 days prior to the start of construction. The only major requirement of the
stormwater permit that is not included in the SWDM is a public notice requirement. Note that this public
notice for Ecology's stormwater permit can be published concurrently with other public notices required
for permits or SEPA. Contact the Department of Ecology at (360) 407-7156 for complete information on
permit thresholds, applications, and requirements.

D.5.8 FOREST PRACTICE PERMIT REQUIREMENTS
Projects that will clear more that two acres of forest or 5,000 board feet of timber must applyfor a Class
IV Special Forest Practice permit from the Washington State Department of Natural Resources (WSDNR).
All such clearing is also subject to the State Environmental PoLicyAct (RCW 43.21C) and will require
SEPA review. King County assumes lead agency status for Class IV permits and the application can be
consolidated with the associated King County development permit or approval. The permit must be ......
initiated with WSDNR, but will then be transferred over to King County to conduct the SEPA review and
grant the permit. Contact the WSDNR for complete information on permit thresholds, applications, and
requirements.

D.5.9 ALTERNATIVE AND EXPERIMENTAL MEASURES

In general, the Surface Water Design Manual only contains those BMPs that are standards of the local
industry. There are a variety of other BMPs available that can also be used, even though they are not
included in this appendix. Such alternatives may be approved without an adjustment if the alternative will
produce a compensating or comparable result with the measures in this appendix. Variations on or
modifications of the BMPs in this appendix can also be granted based on the same criteria. Technical
support will be provided by WLRD when requested by DDES.

An adjustment is only required for those products or techniques that are so new and untested as to be
experimental. If the County determines that a proposed alternative is experimental, then an experimental
adjustment must be obtained (see Section 1.4.4 of the SWDM). The intent of this requirement is not to
discourage new techniques, but to insure that new techniques are monitored and documented for adequacy
and possible inclusion in subsequent versions of the SWDM. An example of a product that would have
required an experimental adjustment prior to this version of the manual is the catch basin insert (see
Section D.4.5.3) because it was not equivalent to any existing measure.

 .o32462 _i
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D.6 EROSION AND SEDIMENT CONTROL PLANS

This section details the specifications and contents for erosion and sediment control (ESC) plans. An ESC
plan and any supporting information must be submitted as part of a complete engineering plan to facilitate
proper drainage review. An ESC plan and its supporting information is also an important part of the ESC
Report required to be submitted to DDES and a copy kept on the project site (see Section D.5.1, p. D-.41).

ESC Plan Specifications

The site improvement plan shall be used as the base of the ESC plan. Certain detailed information (e.g.,
pipe catch basin size, stub-out locations, etc.) that is not relevant may be omitted to make the ESC plan
easier to comprehend. At a minimum, the ESC plan shall include all of the information required for the
base map of a site improvement plan (see Table 2.3.1A of the Surface Water Design Manual), as well as
existing and proposed roads, driveways, parking areas, buildings and drainage facilities, utility corridors
not associated with roadways, all sensitive areas and buffers, and proposed final topography. A smaller
scale may be used to provide better comprehension and understanding.

The ESC plan shall generally be designed for proposed topography, not existing topography, since rough
grading is usually the fhst step in site disturbance. The ESC plan focuses on the initial measures to be
applied to the site. The County may require large, complex projects to phase construction and submit
multiple ESC plans for different stages of construction.

The following list provides the basic information requirements for the ESC plan. Note that the ESC plan
may be simplified by the use of the symbols and codes provided for each ESC measure in Section D.4 (p.
D-5). In general, the ESC plan shall be submitted as a separate plan sheet(s). However, there may be
some relatively simple projects where providing a separate grading and ESC plan is unnecessary.

General

1. Identify areas with a high susceptibility to erosion.

2. Provide all details necessary to clearly illustrate the intent of the ESC design.

3. Provide information consistent with that in Section 8 of the technical information report (TIR)
required in the engineering plan submittal (see Section 2.3.1 of the SWDM).

4. Include ESC measures for all on- and offsite utility construction included in the permit.

5. Include standard ESC Notes and specify the construction sequence. ESC Notes and a sample
construction sequence are provided in the Reference Section.

6. Identify the designated ESC supervisor (if required) and provide phone numbers for 24-hour contact.

Clearing Limits

1. Delineate clearing limits (areas to remain uncleared).

2. Provide details sufficient for installation of markings for maintenance of clearing limits.

Cover Measures

1. Specify the type and location of temporary cover measures to be used on site.

2. If more than one type of cover is to be used on site, indicate the areas where the different measures
shall be used, including steep cut and fill slopes.

3. If the type of cover measures to be used will vary depending on the time of year, soil type, gradient, or
some other factor, specify the conditions that control the use of the different measures.

4. Specify the nature and location of permanent cover measures. If a landscaping plan is prepared, this
may not be necessary.
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5. Specify the approximate amount of cover measures necessary to cover all disturbed areas.

6. If erosion netting or blankets are specified, provide typical details sufficient for installation and
maintenance.

7. Specify the seed mixes, fertilizers, and soil amendments to be used, as well as the application rate for
each item.

Perimeter Protection

1. Specify the location and type of perimeter protection to be used.

2. Provide typical details sufficient for installation and maintenance of perimeter protection.

3. If a silt fence is to be used, specify the type of fabric.

Traffic Area Stabilization

1. Locate the construction entrance(s).

2. Provide typical details sufficient for installation and maintenance of the construction entrance.

3. Locate the construction roads and parking areas.

4. Specify the measure(s) that will be used to create stabilized construction roads and parking areas.
Provide sufficient detail to install and maintain.

Sediment Retention

1. Show the locations of all sedimentation ponds and traps.

2. Dimension pond berrn widths and all inside and outside pond slopes.

3. Indicate the trap/pond storage required and the depth, length, and width dimensions.

4. Provide typical section views throughout the pond and outlet structure.

5. Provide typical details of the control structure and dewatering mechanism.

6. Detail stabilization techniques for the outlet/inlet.

7. Provide details sufficient to install a cell divider.

8. Specify mulch and/or recommended cover of berms and slopes.

9. Indicate the requirement to provide a depth gage with a prominent mark at 1 foot depth for sediment
removal.

10. Indicate catch basins that are to be protected.

11. Provide details of the catch basin protection sufficient to install and maintain.

Surface Water Control

1. Locate all pipes, ditches, and interceptorditches and swales that will be used to convey stormwater.

2. Provide details sufficient to install and maintain all conveyance systems.

3. Indicate locations of outlet protection and provide detail of protections.

4. Indicate locations and outlets of any possible dewatering systems.

5. Indicate the location of any level spreaders and provide details sufficient to install and maintain.

6. Provide all temporary pipe inverts.

7. Provide location and specifications for the interception of runoff from disturbed areas and the
conveyance of the runoff to a non-erosive discharge point.

8. Provide location and details of rock check dams.
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9. Provide front and side sections of typical rock check dams.

Wet Season Requirements

Provide a list of all applicable wet season requirements.

Sensitive Areas Restrictions

1. Specify the type, locations, and detailsof any measures necessary to comply with requirements to
protect surface waters.

2. Specify the type, locations, and detailsof any measures necessary to comply with any additional
protection requiredfor steep slopes.
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D.7 SMALL SITE ESC

Smaller sites tend to have similar erosion and sediment control (ESC) needs. This section provides a
simplified process to applyeffective erosion and sediment controls to smaller sites and guides the user
throughthe preparation and submittal of a Small Site ESC Plan with the permit application.

D.7.1 INTRODUCTION TO SMALL SITE ESC

What is ESC and Why is it Required for My Site?

The basic erosion and sediment control requirementmthat sediment shall be prevented to the maximum
extent possible from leaving the sitemapplles to all projects in King County. All sites, including small
sites, are required to use erosion and sediment control (ESC) Best Management Practices (BMPs). ESC
BMPs prevent soil erosion during development of the site. The types of BMPs required through the small
site process are generally simple to construct and easy to maintain, and with few exceptions do not require
engineering or formal design. Examples of such BMPs include phasing or minimizing clearing, terracing
exposed slopes, routing water around exposed soils, and placing straw or other mulching materials on
exposed soils.

ESC is required because soils eroded from the site are always deposited downstream in pipes, streams, or
lakes. Soils deposited in a pipe or channel reduce its capacity to convey flows and can increase the
likelihood of flooding. Soils in streams can also clog the gravels that salmon use for spawning. Nutrients
associated with soils that reach lakes can upset the chemical balance of the lake, causing excessive growth
of algae and decreasing _tional uses such as swimming, boating, and fishing.

Which Projects Can Use Small Site Erosion and Sediment Control Requirements? _

All proposed projects that disturb soil and add less than 5,000 square feet of impervious surface can use
the Small Site ESC requirements contained in this section. These projects must apply erosion and
sediment control even though they may not be subject to drainage review under the Surface Water Design
Manual.

In addition, all proposed projects that qualify for Small Site Drainage Review can use the Small Site ESC
requirements contained in this section. The Small Site Drainage Review is detailed in Appendix C of the
Surface Water Design Manual and applies to single family residential or subdivision projects that add
between 5,000 and 10,000 square feet of impervious surface per threshold discharge area 1and clear less
than 2 acres or less than 35% of the site, whichever is greater.

What Will I Be Required To Do?

It is the responsibility of both the applicant and the contractor to minimize erosion and the transport of
sediment to the greatest extent possible. Erosion and sediment control is a two step process that
(1) minimizes the amount of sediment mobilized, and (2) traps any mobilized sediment before it leaves the
site.

Examples of erosion controls include use of mulches or other cover materials, marked/minimized clearing,
and routing of water around exposed soils. Installation and maintenance of silt fencing is an example of
sediment trapping. ESC techniques that are particularly suitable for small sites are described below
(Section D.7.2).

1 Athresholddischargeareaisanonsiteareadrainingtoa singlenaturaldischargelocationormultiplenaturaldischarge
locationsthatcombinewithinone-quarter-miledownstream.Smallsitestypicallyhaveonlyonethresholddischargearea.
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D.7.2 SMALL SITE ESC REQUIREMENTS

one or more of the following measures will be required on small sites in order to minimize onsite erosion
and prevent mobilized sediment from leaving the site:

1. Rock construction entrance

2. Mulching

3. Minimized clearing

4. Silt fencing

5. Winter (or wet season) stabihzation

6. Final stabilization.

Other measures may be allowed or required if these are inappropriate for the project or fail to contain
sediment on the project site. A description of other measures_which may be needed for successful ESC on
some sites, and a more detailed description of those included here, can be found in ESC Measures Section
D.4, "ESC Measures" (p. D-5).

The placement and type of proposed ESC BMPs are shown on an ESC plan. Required features of this
Plan are outlined in Section D.7.3, "Submittal Requirements" (p. D-56).

D.7.2.1 ROCK CONSTRUCTION ENTRANCE

Purpose

Rock construction entrances help prevent transportof sediment away from the site on the tires or
undercarriages of vehicles.

Application

Rock construction entrances shall be provided at all entranceways to cleared construction sites.

Design Specifications

The rock pad should measure approximately 10 feet by 25 feet, and be about 1 foot deep (see Figure
D.7.A). Rocks used for pad construction will be 4 to 6 inches in diameter. Geotextile will be placed
beneath the rock to prevent fine sediments from being "pumped" up through the rock by heavy vehicles.
The geotextile shall meet the following standards:

GrabTensileStrength(ASTMD4751) 200 psimin.

GrabTensileElongation(ASTMD4632) 30% max.

MullenBurstStrength(ASTMD3786-80a) 400 psimin.

All vehicles must use the rock pad to leave the site.

Maintenance

Construction entrances must be inspected regularly, and rock must be replaced as needed.

' AR 032467
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SECTION D.7 SMALL SITE ESC

[ FIGURE D.7.A ROCK CONSTRUCTION ENTRANCE [[_
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D.7.2.2 MULCHING

Purpose

Mulching prevents erosion by dissipating the energy of and absorbing water. Mulch prevents raindrops
from falling directly on exposed soils, reducing the likelihood that soils will be dislodged and washed
away. Mulch also enhances plant establishment by conserving moisture, holding fertilizer, seed, and
topsoils in place, and moderating soil temperatures.

Application

1. On disturbed areas that are to remain unworked for more than 7 days. Mulch is to be used for areas

that need cover measures for less than 30 days. Permanent seeding is required for areas that need
cover for longer than 30 days.

2. As a cover for seed during the wet season and during the hot summer months.

3. During the wet season, on slopes steeper than 3H: 1V with more than 10 feet of vertical relief.

Design Specifications

The amount of mulch applied per acre (application rate) depends on the type of material used. Table

D.7.A provides application rates for a variety of common mulches. Plastic can be used as a surrogate for
mulch, with the following cautions:

1. If erosion at the toe of the covered slope is likely, a gravel berrn, riprap, or other suitable protection
shall be installed at the toe to reduce the velocity of runoff.

2. Seams between sheets must overlap and must be weighted and taped.

3. Toe in sheeting at the top of slope with a minimum 4"x4" trench running the length of the top of slope.

Maintenance

Mulch must be inspected regularly and more mulch added as needed to maintain the suggested application
rate. All rips or tears in plastic sheeting shall be repaired. Sheeting shall be checked to ensure it is
properly overlapped and weighted in place; sheeting shall be re-lapped and weights replaced as needed.

9/1/98 Erosion and Sediment Control Standards
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TABLE D.7.A MULCH STANDARDS AND APPLICATION RATES

Mulch Material Quality Standards Application Rates

Straw Air-Dried; free fromundesirable seed 2"-3" thick; 2-3 bales per 1000 SF or 2-3
and coarse material tons per acre

Wood Fiber No growthinhibitingfactors Approx. 25-30 Ibs. per 1000 SF or 1000 to
Cellulose 1500 Ibs. per acre

Compost No visiblewater or dustduringhandling. 2" thick rain.; approx. 100 tons per acre
Must be purchasedfrom supplierwith (approx. 800 Ibs. per yard)
SolidWaste Handling Permit

Chipped Site Average size shall be several inches 2" minimumthickness
Vegetation

D.7.2.3 MARK CLEARING LIMITS / MINIMIZE CLEARING

Purpose

Minimizing clearing is the most effective method of erosion control. Undisturbed vegetation intercepts
and slows rainwater. Plant roots hold soil in place, and dead vegetation on the ground acts as a mulch.

Applications

Clearing limits shall be marked and clearing minimized on any site where significant areas of undisturbed
- vegetation will be retained.

Design Specifications

Minimizing clearing should be incorporated into the site design. Clearing limits must be marked on both

the site plan and the erosion control plan. On the ground, clearing limits must be dearly marked with
brightly colored tape or plastic or metal safety fencing (also referred to as Sensitive Areas Setback Area

fencing, or SASA fencing). If tape is used, it should be supported by vegetation or stakes, and should be
about 3 to 6 feet high and highly visible. Equipment operators should be informed of areas of vegetation
that are to be left undisturbed.

Maintenance

Fencing shall be inspected regularly and repaired or replaced as needed.

D.7.2.4 SILT FENCING

Purpose

Silt fencing catches sediment that has been mobilized by water flowing over the site. Fabric used in the

construction of silt fencing has openings specifically sized to allow water to flow through while retaining
the majority of particle sizes.

Application

Silt fencing shall be used to protect the perimeter of the site. It can be placed parallel to topographic
_ contours. Silt fencing is not suitable for placement in drainage channels or for other concentrated flows.
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Design Specifications

As shown in Figure D.7.B, silt fence must be towed-in to a shallow trench, and then staked and reinforced

to function properly. The silt fence, which can be found at many construction supply stores, must meet th
following standard specifications:

AOS (ASTM D4751) 30-100 sieve size (0.60-0.15 ram) for slit film
50-100 sieve size (0.30-0.15 mm) for other fabrics

Water Permittivity(ASTM D4491) 0.02 sec-1 min.

Grab Tensile Strength (ASTM D4632) 180 Ibs. min. (called extra strengthfabric)

Grab Tensile Elongation(ASTM D4632) 30% max.

Ultravioletresistance (ASTM D4355) 70% min.

Maintenance

Fencing must be inspected regularly for damage. Silt fencing does break down under UV light. Sediment

collected behind the fence must be removed so that this material does not push the fence over.

I FIGURE D.7.B SILT FENCE INSTALLATION AND MAINTENANCE [[
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D.7.2.5 WINTER STABILIZATION

Purpose

In order to minimize sediment-laden runoff, as much of the bare and disturbed portions of the site as
possible should be covered during any period of precipitation. Once sediment is mobilized, it is much
more difficult to effectively control

Application
All sites require winter stabilization between October 1 and April 30 (the wet season).

Design Specifications

During the above time frame, slopes and stockpiles 3H:IV or steeper and with more than 10 feet of
vertical rise shall be covered if they are to remain unworked for more than 12 hours. Other disturbed areas
shall be covered or mulched according to Table D.7.A (p. D-53) if they are to remain unworked for more
than two days. Cover material sufficient to cover all disturbed areas shall be stockpiled on site at the
beginning of the wet season. Areas that are to be left unworked during the winter shall be seeded prior to
September 23.

Maintenance

The site should be inspected weekly and immediately before, during, and after storms. Cover and other
erosion control measures shall be repaired and enhanced as necessary to prevent or minimize sediment
runoff and transport.

D.7.2.6 FINAL STABILIZATION

Purpose

Final stabilization minimizes sediment-laden runoff from the site after construction has been completed.

Application

All sites require final stabilization prior to final construction approval.

Design Specifications

Prior to final construction approval, the site shall be stabilized to prevent sediment-laden water from
leaving the site after project completion. All disturbed areas of the site shall be vegetated or otherwise
permanently stabilized. At a minimum, disturbed areas must be seeded and mulched to ensure that
sufficient cover will develop shortly after final approval. Mulch without seeding is adequate for small
areas to be landscaped before October 1.

All permanent surface water facilities (including catch basins, manholes, pipes, ditches, channels, flow
control facilities, and water quality facilities) impacted by sedimentation during construction must be
cleaned.

Maintenance

Permanent erosion control is the responsibility of the owner. The site must be kept stabilized using
landscaping, mulch, or other measures to prevent sediment-laden water from leaving the site and to
prevent sediment from being transported onto adjacent properties and roads.

AR 032471
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D.7.3 SUBMITTAL REQUIREMENTS

A Small Site ESC Plan must be submitted for all projects that are eligible to use the Small Site ESC
requirements in this section. This plan is part of a Small Site Drainage Plan described in Small Site
Drainage Requirements (Appendix C of the Surface Water Design Manual). Directions for preparing a
Small Site ESC Plan are provided below, and a sample plan is presented in Section D.7.3.3 (p. D-57).

D.7.3.1 SMALL SITE ESC PLAN MAP

The Small Site ESC Plan includes information that is routinely collected for a single family residence site
plan or a short plat plot plan already required to be submitted with a permit application. One copy of
the site plan or plot plan shall be used to show how ESC BMPs are to be applied to the site to comply with
the Small Site ESC requirements. The approximate location and size of clearing limits, rock construction
entrance, flow paths, silt fences, etc., should be indicated on the ESC Plan. Any plan must contain at a
minimum the features listed in Section D.7.3.2.

Single family residential projects that qualify for Small Site ESC requirements should use the
Residential Site Plan (see DDES Bulletin No. 9, "Obtaining a Residential Building Permit") as the base
map for the ESC plan.

Proposed short plats that qualify for Small Site Drainage Review should use the Small Site Drainage
Plan (see Small Site Drainage Requirements, detached Appendix C of the Surface Water Design Manual)
as a base plan for the ESC plan. All projects subject to Small Site Drainage Review are required to submit
these plans and a drainage assessment. If engineering plans are required for a short plat application, they
may be used as a base plan for Small Site ESC plans. How the ESC BMPs are to be applied on the site are
added directly to the base map. For more complicated sites, an erosion control professional should be
readily able to add Small Site ESC BMPs to the base map with minimal additional effort or expense.

The ESC plans for short plats usually apply only to the site development, since siting of homes on lots _.
created by short plats is done after the short plat is approved (when the home applies for a residential
building permit). It is the responsibility of the proposed single family residence to show in detail how
ESC requirements are met.

D.7.3.2 FEATURES REQUIRED ON SMALL SITE ESC PLANS

The Small Site ESC Plan should be drawn on 8-1/2" x 11", 8-1/2" x 14", or 11" x 17" paper (see the
sample plan in Figure D.7.C, p. D-59), and must include the following information.

Identification

1. Name, address, and phone numberof the applicant-

2. Scale--use a scale that clearly illustratesdrainage features and flow controls (1"=20' is standard
engineering scale; minimum acceptable scale is 1"=50')

3. Parcel number

4. North arrow

5. Dimension of all property lines, easements, and building setback lines

6. Street names and existing or proposed property address

7. Section, township, and range of proposal.

AR 032472 ._
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Topography

1. Comer elevations

2. Benchmark (a permanent mark indicating elevation and serving as a reference in the topographic
survey)

3. Datum (assumed datum is acceptable in many cases, i.e., fire hydrant base = 100'; datum for projects
in or near FEMA floodplains should be NGVD 1929)

4. If over 15% slope: 5-foot contours, top of slope, toe of slope, and any erosion or landslide areas.

Proposed ESC

1. Delineation of proposed clearing limits

2. Type and location of erosion control facilities

3. Location of any significant offsite drainage features within 200 feet of the discharge point(s) for the
lot, including streams, lakes, roadside ditches.

Topography/Drainage Features

1. Outline of any stream, wetland, lake, closed depression, or other water feature (including any required
buffer width)

2. Location of all steep slopes, landslide hazard areas, and coal mine hazard areas (including buffers)

3. Location of all existing and proposed drainage easements, ditches, swales, pipes, etc.

4. Location of all sensitive areas as shown on any recorded Sensitive Areas Notice on Title (SANT).

D.7.3.3 SAMPLE SMALL SITE ESC PLAN

All sites are requiredto control erosion and contain sediment. The planning and use of ESC BMPs will be
illustratedfor a single family residence. Although the specifics of any lot will differ from those shown
here, the process will be similar. The first step in the process is to determine whether the site is eligible to
use the Small Site ESC requirements. This evaluation and the following materials are usually included in
the drainage assessment that accompanies the Small Site ESC Plan.

The proposed house is to be placed on an existing 1.69-acre lot (see Figure D.7.C). Impervious surfaces
are the roof, a driveway, and a parking area. The total proposed impervious surface is 6,950 square feet as
determined from the residential site plan layout of residence and driveway (the site plan provides the base
map for the Small Site ESC Plan). The amount exceeds 5,000 square feet but falls below the 10,000-
square-foot limit for Small Site Drainage Review. Therefore, a Small Site ESC Plan is applicable.

The proposal is not in a basin plan area or critical drainage area that might contain clearing limits.
However, a portion of a wetland and an erosion hazard area have been identified on the site, and their
approximate locations are shown in Figure D.7.C. While neither the wetland and its buffer, nor the
erosion hazard area and its buffer would be disturbed during construction, the locations of these sensitive
areas must be verified. This review will likely be minimal if the locations shown are accurate, and will be
concurrent with Small Site Drainage Review.

Approximately the southern 2/3 of the site will be cleared. Trees and other native vegetation will be left
intact along the northern edge, near the street. Buffers will be maintained around the wetland and erosion
hazard areas, respectively. The site slopes towards the street.

In order to best prevent erosion and to encourage sedimentation, the following BMPs are used:

1. Clearing will be minimized to the extent possible, and clearing limits marked by fencing or other
means on the ground.

2. Water will be routed around the erosion hazard area and around the steep section of the driveway by
constructing an interceptor dike or ditch that will intersect and direct water away to the east of the site.

Erosion and Sediment Control Standards 9/1/98
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SECTIOND.7 SMALLSITEESC

3. Water will be f'lltered before it reaches the wetland. Silt fencing will be placed along slope contours
atthelimitsofclearinginthevicinityofboththewetlandandtheerosionhazardarea.

4. A rockedconstructionentrancewillbeplacedattheendofthedriveway.

5. Mulch willbespreadoverallclearedareasofthesitewhentheyarenotbeingworked.Mulchwill
consistofair-driedstrawandchippedsitevegetation.

TheBMPs showninFigureD.7.Cmustbeinstalledasclearingprogresses.Forexample,therock
constructionentrancemustbeinstalledassoonasthepathforthedrivewayhasbeencleared.Additional
ESC measuresmustbeinstallediftheonesproposedaboveproveinsufficient.

AR 032474 ._
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I FIGURE D.7.C SAMPLE SMALL SITE ESC PLAN [}I' i
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D.8 FOREST PRACTICES ESC

(This section reserved for erosion and sediment control requirements that will specifically apply to forest
practices and clearing regulated by King County)

AR 032476
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D.9 MINING AND EXTRACTION ESC

(This section reserved for erosion and sediment control requirements .that will specifically apply to

extraction operations requiring a grading permit from King County)

AR 032477
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D.10 REFERENCE SECTION

This reference section provides materials useful in developing erosion and sediment control plans and for

effectively implementing erosion control measures in the field. In order to make the Erosion and Sediment
Control Standards a stand alone booklet, several key components relating to erosion and sediment control
found in the Surface Water Design Manual are repeated in this section.

1. Core Requirement #5: Erosion and Sediment Control Requirements

2. ESC maintenance report

3. Standard ESC plan notes

4. Recommended construction sequence

5. References.

Note: The administrative rule adopting the Erosion and Sediment Control Standards has not formally

adopted any of the materials in this section. All of the forms, notes, and other material are provided for
reference only. King County assumes no responsibility for the completeness or current status of the
materials contained in this section. It is the sole responsibility of each applicant to use the most current

materials in the preparation and implementation of the erosion and sediment control requirements.
Copies of the current versions of these materials are available at DDES.
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911/98 Erosion andS¢diment ControlStandards
D-62
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D.10.1 CORE REQUIREMENT #5:
EROSION AND SEDIMENT CONTROL

m

R All proposed projects that will clear, grade, or otherwise disturb the site must provide erosion andE

,Q sediment controls to prevent, to the maximum extent possible, the transport of sediment from the project
r site to downstream drainage facilities, waterresources, and adjacent properties. To prevent sediment

transport, Erosion and Sediment Control (ESC) measures are required and shall perform as described in
Section 1.2.5.2. Both temporaryand permanenterosion and sediment controls shall be implemented as
described in Section 1.2.5.3.

Intent: To prevent the transportof sediment to streams, wetlands, lakes, drainage systems, and adjacent
properties. Erosion on construction sites can result in excessive sediment transport to adjacent properties
and to surface waters. Sediment transport can result in major adverse impacts, such as flooding due to
obstructed drainage ways, smothering of salmonid spawning beds, and creation of algal blooms in lakes.

D.10.1.1 ESC MEASURES

The following ESC measures shall be provided as specified below and as further detailed in Section D.4,
(p. D-5):

1. Clearing Limits: Prior to any site clearing or grading, areas to remain undisturbed during project
construction shall be delineated. At a minimum, clearing limit delineation flagging shall be provided
at the edges of all sensitive area buffers.

2. Cover Measures: Temporary and permanent cover measures shall be provided when necessary to
protect disturbed areas. Temporary cover shall be installed if an area is to remain unworked for more
than seven days during the dry season (May 1 to September 30) or for more than two days during the
wet season (October 1 to April 30), unless otherwise determined by the County. Any area to remain
unworked for more than 30 days shall be seeded or sodded, unless the County determines that winter
weather makes vegetation establishment unfeasible. During the wet season, slopes and stockpiles
3H:IV or steeper with more than 10 feet of vertical relief shall be covered if they are to remain
unworked for more than 12 hours. The intent of these measures is to prevent erosion by having as
much area as possible covered duringany periodof precipitation.

3. Perimeter Protection: When necessary, perimeter protection to filter sediment from sheet flow shall
be provided downstream of all disturbed areas. Perimeter protection includes the use of vegetated
strips, as well as more conventional constructed measures such as silt fences. Such protection shall be
installed prior to upstream grading.

4. Traffic Area Stabilization: Unsurfaced entrances, roads, and parking areas used by construction
traffic shall be stabilized to minimize erosion and tracking of sediment offsite.

5. Sediment Retention: Surface water collected from disturbed areas of the site shall be routed through
a sediment pond or trap prior to release from the site. This does not apply to areas at the perimeter of
the site small enough to be treated solely with perimeter protection. Sediment retention facilities shall
be installed prior to grading any contributing area.

6. Surface Water Controls: Surface water controls shall be installed to intercept all surface water from
disturbed areas, convey it to a sediment pond or trap, and discharge it downstream of any disturbed
areas. However, areas at the perimeter of the site that are small enough to be treated solely with
perimeter protection do not require surface water controls. Significant sources of upstream surface
water that drain onto disturbed areas shall be intercepted and conveyed to a stabilized discharge point
downstream of the disturbed areas. Surface water controls shall be installed concurrently with or
immediately following rough grading.

ErosionandSedimentControlStandards 9/1/98
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7. Dust Control: Preventative measures to minimize wind transport of soil shall be implemented when a
traffic hazard may be created or when sediment transported by wind is likely to be deposited in water
resources.

D.10.1.2 ESC PERFORMANCE

The above ESC measures shall be applied and maintained so as to prevent, to the maximum extent
possible, the transport of sediment from the project site or into onsite wetlands, streams, or lakes. This
performance is intended to be achieved through proper selection, installation, and operation of the above
ESC measures as detailed in the ESC Standards (detached Appendix D) and approved by the County.
However, the County may determine at any time during construction that such approved measures are not
sufficient and additional action is required based on one of the following criteria:

1. IF a sieve test of storm and surface water discharges indicates that sand-sized sediment (soil particles
coarser than the #200 sieve, 0.075 ram) is leaving the project site or entering onsite wetlands, streams,
or lakes, THEN corrective actions and/or additional measures beyond those specified in Section
1.2.5.1 shall be implemented as deemed necessary by the County. Note: The County canrequire that
the ESC supervisor have a #200 sieve on site. Also, "leaving the project site" will be interpreted
liberally. For example, if this criterion is applied to individual lots within a subdivision, it may,
depending on the site, be appropriate to conduct the sieve test at the outlet of the drainage system
rather than at the edge of the lot.

2. IF the County determines that the condition of the construction site poses a hazard to adjacent
property or may adversely impact drainage fadlities or water resources, THEN additional
measures beyond those specified in Section 1.2.5.1 can be required by the County.

D.10.1.3 IMPLEMENTATION REQUIREMENTS

ESC Plan

As specified in Chapter2, all proposed projects must submit a plan for providing ESC measures. The
ESC plan shall include a detailed construction sequence as proposed by the design engineer and shall
identify required ESC measures. All ESC measures shall conform to the details and specifications in the
ESC Standards unless an alternative is approved by King County (see "Alternative and Experimental
Measures" in the ESC Standards, detached Appendix D). The ESC plan shall be accompanied by any
calculations or information necessary to size ESC measures and demonstrate compliance with Core
Requirement #5. The County may require large, complex projects to phase construction and to submit
multiple ESC plans for the different stages of construction. Development of new ESC plans is not
required for changes that are necessary during construction.

Wet SeasonConstruction

During the wet season (October 1 to April 30) any site with exposed soils shall be subject to the "Wet
Season Provisions" contained in Section D.5.2. In addition to the ESC cover measures, these provisions
include covering any newly-seeded areas with mulch and seeding as much disturbed area as possible
during the first week of October in order to provide grass cover for the wet season.

Construction within Sensitive Areas and Buffers

Any construction that will result in disturbed areas on or within a stream or associated buffer, within a

Class 1 or 2 wetland or associated buffer, or within 50 feet of a lake shall be subject to the "Sensitive Area
Restrictions" contained in Section D.5.3. These provisions include phasing the project whenever possible
so that construction in these areas is limited to the dry season.

AR 032480
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Maintenance

All ESC measures shall be maintained and reviewed on a regular basis as prescribed in Section D.5.4.
The applicant shall designate an ESC supervisor who shall be responsible for maintenance and review of
ESC measures and for compliance with all permit conditions relating to ESC as described in the ESC
Standards.

Final Stabilization

Prior to obtaining final construction approval, the site shall be stabilized, structural ESC measures (such as

silt fences and sediment traps) shall be removed, and drainage facilities shall be cleaned as specified in the
ESC Standards.

Flexible Compliance

Some projects may meet the intent of Core Requirement #5 while varying from specific ESC requirements
contained here. If a project is designed and constructed such that it meets the intent of this core

requirement,the Countymay determinethat strictadherence to a specificESC requirementis unnecessary;
an approved adjustment (see Section 1.4) is not required in these circumstances. Certain types of projects
are particularly likely to warrant this greater level of flexibility; for instance, projects on relatively fiat,

well drained soils, projects that are constructed in closed depressions, or projects that only disturb a small
percentage of a forested site may meet the intent of this requirement with very few ESC measures. More
information on intent and general ESC principles is contained in the ESC Standards.

Roads and Utilities

Road and utility projects often pose difficult erosion control challenges because they frequently cross
surface waters and are long and narrow with limited area available to treat and store sediment-laden water.

Because of these factors, road and utility projects are allowed greater flexibility in meeting the intent of

Core Requirement #5 as described in the ESC Standards. Projects that pose a very low risk of erosion or
sediment transport due to site conditions or project scope may also warrant greater flexibility.

Consideration of Other Required Permits

Consideration should be given to the requirements and conditions that may be applied by other agencies as

part of other permits required for land-disturbing activities. In particular, the following permits may be
required and should be considered when implementing ESC measures:

• A Class IV Special Forest Practices Permit is required by the Washington State Department of
Natural Resources for projects that will clear more than two acres of forest or 5,000 board feet of

timber. All such clearing is also subject to the State Environmental Policy Act (RCW 43.21C) and
will require SEPA review. King County assumes lead agency status for Class IV permits, and the

application can be consolidated with the associated King County development permit or approval.

• A NPDES 2 General Permit for Construction (pursuant to the Washington State Department of
Ecology's Baseline General Permit for Stormwater) is required for projects that will disturb more than

five acres. The five-acre threshold applies even where the five acres are to be disturbed in phases, as
long as the construction is "part of a larger common plan of development or sale."

2 NPDESstandsforNationalPollutantDischargeEliminationSystem.
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D.10.2 ESC MAINTENANCE REPORT

DDES may require a written record of all maintenance activities to be kept to demonstrate compliance

with the Maintenance Requirements (Section D.5.4). A standard ESC Maintenance Report is provided on
the next page. Copies of the ESC Maintenance Report must be kept on site throughout the duration of
construction.

AR 032482
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ESC MAINTENANCE REPORT

PerformedBy:
Date:
ProjectName:
DDES Permit#:

Clearing Limits
Damage OK Problem
Visible OK Problem
Intrusions OK Problem
Other OK Problem

Mulch
Rills/Gullies OK Problem
Thickness OK Problem
Other OK Problem

Nets/Blankets
Rills/Gullies OK Problem
GroundContact OK Problem
Other OK Problem

Plastic

Tears/Gaps OK Problem
Other OK Problem

Seeding
PercentCover OK Problem
Rills/Gullies OK Problem
Mulch OK Problem
Other OK Problem

Sodding
Grass Health OK Problem
Rills/Gullies OK Problem
Other OK Problem

Silt Fence
Damage OK Problem
SedimentBuild-up OK Problem
ConcentratedFlow OK Problem
Other OK Problem

Brush Barrier
Damage OK Problem
SedimentBuild-up OK Problem
ConcentratedFlow OK Problem
Other OK Problem

Vegetated Strip
Damage OK Problem
Sediment Build-up OK Problem
ConcentratedFlow OK Problem
Other OK Problem

Construction BnWance
Dimensions OK Problem
SedimentTracking OK Problem
VehicleAvoidance OK Problem
Other OK Problem

Construction Road
StableDrivingSurf. OK Problem
VehicleAvoidance OK Problem
Other OK Problem

AR 032483
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Sediment Trap/Pond
Sad. Accumulation OK Problem
Overtopping OK Problem
Inlet/OutletErosion OK Problem
Other OK Problem

Catch Basin Protection
Sad. Accumulation OK Problem
Damage OK Problem
CloggedFilter OK Problem

Other OK Problem

Interceptor Dike/Swale
Damage OK Problem
Sad. Accumulation OK Problem
Overtopping OK Problem
Other OK Problem

Pipe Slope Drain
Damage OK Problem
Inlet/Outlet OK Problem
Secure Fittings OK Problem
Other OK Problem

Ditches
Damage OK Problem
Sad. Accumulation OK Problem
Overtopping OK Problem
Other OK Problem

Outlet Protection
Scour OK Problem
Other OK Problem

Level Spreader
Damage OK Problem
ConcentratedFlow OK Problem
Rills/Gullies OK Problem
Sad. Accumulation OK Problem
Other OK Problem

Miscellaneous
Wet Season Stockpile OK Problem
Other OK Problem

Comments:

Actions Taken:

Problems Unresolved:

AR 032484
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D.10.3 STANDARD ESC PLAN NOTES

The standard ESC plan notes must be included on all ESC plans. At the applicant's discretion, notes that
in no way apply to the project may be omitted; however, the remaining notes must not be renumbered. For
example, if ESC Note #3 were omitted, the remaining notes should be numbered 1, 2, 4, 5, 6, etc.

1. Approval of this erosion and sedimentation control (ESC) plan does not constitute an approval of
permanent road or drainage design (e.g., size and location of roads, pipes, restrictors, channels,
retention facilities, utilities, etc.).

2. The implementation of these ESC plans and the construction, maintenance, replacement, and
upgrading of these ESC facilities is the responsibility of the applicant/ESC supervisor until all
construction is approved.

3. The boundaries of the clearing limits shown on this plan shall be clearly flagged by a continuous

length of survey tape (or fencing, if required) prior to construction, During the construction period, no
disturbance beyond the clearing limits shall be permitted. The clearing limits shall be maintained by
the applicant/ESC supervisor for the duration of construction.

4. The ESC facilities shown on this plan must be constructed prior to or in conjunction with all clearing
and grading so as to ensure that the transport of sediment to surface waters, drainage systems, and
adjacent properties is minimized.

5. The ESC facilities shown on this plan are the minimum requirements for anticipated site conditions.
During the construction period, these ESC facilities shall be upgraded as needed for unexpected storm
events and modified to account for changing site conditions (e.g., additional sump pumps, relocation
of ditches and silt fences, etc.).

6. The ESC facilities shall be inspected daily by the applicant/ESC supervisor and maintained to ensure
continued proper functioning. Written records shall be kept of weekly reviews of the ESC facilities
during the wet season (Oct. 1 to April 30) and of monthly reviews during the dry season (May 1 to
Sept. 30).

7. Any areas of exposed soils, including roadway embankments, that will not be disturbed for two days
during the wet season or seven days during the dry season shall be immediately stabilized with the
approved ESC methods (e.g., seeding, mulching, plastic covering, etc.).

8. Any area needing ESC measures that do not require immediate attention shall be addressed within
fifteen (15) days.

9. The ESC facilities on inactive sites shall be inspected and maintained a minimum of once a month or
within forty eight (48) hours following a storm event.

10. At no time shall more than one (1) foot of sediment be allowed to accumulate within a catch basin.

All catch basins and conveyance lines shall be cleaned prior to paving. The cleaning operation shall
not flush sediment-laden water into the downstream system.

11. Stabilized construction entrances and roads shall be installed at the beginning of construction and
maintained for the duration of the project. Additional measures, such as wash pads, may be required
to ensure that all paved areas are kept clean for the duration of the project.

12. Any permanent flow control facility used as a temporary settling basin shall be modified with the
necessary erosion control measures and shall provide adequate storage capacity. If the facility is to
function ultimately as an infiltration system, the temporary facility must be graded so that the bottom
and sides are at least three feet above the final grade of the permanent facility.

13. Where straw mulch for temporary erosion control is required, it shall be applied at a minimum
thickness of 2 to 3 inches.

14. Prior to the beginning of the wet season (Oct. 1), all disturbed areas shall be reviewed to identify
which ones can be seeded in preparation for the winter rains. Disturbed areas shall be seeded within
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one week of the beginning of the wet season. A sketch map of those areas to be seeded and those
areas to remain uncovered shall be submitted to the DDES inspector. The DDES inspector can
require seeding of additional areas in order to protect surface waters, adjacent properties, or drainage -
facilities.

D.10.4 CONSTRUCTION SEQUENCE
A detailed construction sequence is needed to ensure that erosion and sediment control measures are
applied at the appropriate times. A recommended construction sequence is provided below:

1. Hold the pre-construction meeting.

2. Flag or fence clearing limits.

3. Post a sign with the name and phone number of the ESC supervisor.

4. Install catch basin protection, if required.

5. Grade and install construction entrance(s).

6. Install perimeter protection (silt fence, brush barrier, etc.).

7. Construct sediment ponds and traps.

8. Grade and stabilize construction roads.

9. Construct surface water controls (interceptor dikes, pipe slope drains, etc.) simultaneously with
clearing and grading for project development.

10. Maintain erosion control measures in accordance with King County standards and manufacturer's
recommendations.

11. Relocate surface water controls or erosion control measures, or install new measures so that as site
conditions change, the erosion and sediment control is always in accordance with the King County
Erosion and Sediment Control Standards.

12. Cover all areas that will be unworked for more than seven days during the dry season or two days
during the wet season with straw, wood fiber mulch, compost, plastic sheeting, or equivalent.

13. Stabilize all areas within seven days of reaching final grade.

14. Seed or sod any areas to remain unworked for more than 30 days.

15. Upon completion of the project, stabilize all disturbed areas and remove BMPs if appropriate.

AR 032486
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

Which Projects can use Small Sites Drainage Review?

Single family residential and small subdivision projects 1 requiring drainage review may qualify to use
this appendix to meet the flow control, water quality, and erosion and sediment control requirements of the
Surface Water Design Manual (SWDM).

Drainage review is required for any permit application that:

1. Adds 5,000 square feet _ or more of new impervious surface, OR

2. Proposes to construct or modify a drainage pipe/ditch that is 12 inches or more in size/depth, or
receives surface and storm water runoff from a drainage pipe/ditch that is 12 inches or more in
size/depth, OR

3. Contains or is adjacent to a floodplain, stream, lake, wetland, or closed depression, or another
sensitive area as defined by the Sensitive Areas Ordinance (codified in KCC 21 A.24), excluding
seismic, coal mining, and volcanic hazard areas, OR

4. Is located within a Landslide Hazard Drainage Area z and adds 2,000 square feet or more of new
impervious surface, OR

5. Is located within a Critical Drainage Area, 4 OR

6. Is located within the rural zoned area of a basin plan or community, plan s where drainage
requirements are applied through KCC 16.82.150(C) to projects that clear more than 7,000 square feet
or 35% of the project site, whichever is greater.

Single family residential and small subdivision projects may address the SWDM flow control, water
quality, and erosion control requirements by using the Best Management Practices (BMPs) outlined in this
appendix s IF the project:

1. Adds no more than 10,000 square feet of total impervious surface to a threshold discharge area, AND

2. Clears less than 2 acres or 35% of the site, whichever is greater. (Note: An open space tract or
easement may be required to protect uncleared areas. Some areas of King County have more
stringent clearing limitations.)

Many projects that qualify for Small Site Drainage Review can completely meet drainage requirements
using the BMPs outlined in this Appendix. 7 Other small site projects may require use of a combination of
these BMPs and professional engineering design.

Targeted Drainage Review is required when drainage conditions are more complex and require
evaluation by a professional engineer registered in the State of Washington. Examples of typical drainage
issues addressed through Targeted Drainage Review include:

•, Sensitive areas on or adjacent to the site.

• Floodplain on or adjacent to the site.

• Construction or modification of a drainage system collecting or concentrating surface runoff as part
of the proposal (small site BMPs and driveway culverts excluded)

1 OtherprojectsmayuseBMPsfromthisappendixwhenspecificallyallowedintheSurfaceWaterDesignManual.
2 Theadditionof5,000squarefeetormoreofnewimpervioussurfaceshallbeappliedbythresholddischargeareaandshall

includeall impervioussurfacethatwillultimatelyresuRfromtheproposedproject(e.g.,impervioussurfacethatwillresult
fromfuturehomeswithina platorshortplat).

3 LandslideHazardDrainageAreasaredelineatedona mapissuedwiththe $WDM(seemappocketoninsideof back
cover).

4 SeeReferenceSection3fora listofcriticaldrainageareas.
s SeeReferenceSectionI fora listofbasinplanandcommunityplanareaswherethisthresholdapplies.
s ProjectsthatexceedthesethresholdsmustundergodrainagereviewinaccordancewiththeKingCountySurfaceWater

DesignManual,whichtypicallyrequiresengineeringanalysisandplans.
7 If anonsitesewagesystemisto beused,stormdrainagemeasuresmustbedesignedto accommodate_e Seattle-King

CountyDepartmentofPublicHealthrequirements.ReferenceB summarizesonsitesewagesystemrequirements.
Small Site Drainage Requirements 9/1/98
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PREFACE

• Projects located within an adopted basin plan area, critical drainagearea, community plan P-suffix
area, or special district overlay, or other areawith adopted drainagerequirements that require
engineeringrevieworanalysis.SeeReferenceSections2 and3 oftheSurfaceWaterDesignManual -
forareaswithspecialdrainagerequirements.

FigureC.I.Aon pageC-6isaflowchartshowingthetypicalSmallSiteDrainageReviewprocessfora
smallsubdivisionorsinglefamilyresidence.FigureC.2.A(p.C-8)showshow todeterminesmallsite
flowcontrolrequirementsbasedonsiteconditions.ReferenceC isaquestionnairetohelpassessifa
projectwillbeeligibleforSmallSiteDrainageReviewandifso,whatsmallsiteortargetedreview
information is required for the site.

/
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

C.1 INTRODUCTION

C.1.1 WHAT IS SMALL SITE DRAINAGE REVIEW?
Small Site Drainage Review is an abbreviatedreview process that addresses stormwamrrunoff (flow
controlandwaterquality)anderosioncontrolrequiremsntsforsmallprojects(smallresidentialprojectsor
2-1otshortplats).ThisappendixoutlinessimpleBestManagementPractices(BMPs)tomitigatedrainage
impactswithouttheconstructionofexpensivestormwaterfacilities(i.e.,detentionponds/tanksandwater
qualityfacilities).Alsoincludedarerequirementsforthepreservationofopenspaceandbasicerosion
controltechniques,whicharecommonlyusedtomeettheerosionandsedimentcontrolrequirementthat
sediment-ladenwatermustnotleavethesite.

Inaddition,typicalsmallsitesensitiveareadrainagerestrictionsforslopes,erosionandlandslidehazard
areasitesareincluded.

Note: Targeted Drainage Review is usually required when a site naturally discharges to a sensitive area
to review the application of small site BMPs (or engineered systerns) to specific site conditions.

Small Site Drainage Review examines the amount and type of proposed impervious surface (rooftops,
driveways, patios, etc.), and how stormwaterrunoff from these surfaces can be dispersed and temporarily
retained by site soils and vegetation. Section C.2 (p. C-7) discusses the types of BMPs for controlling
runoff which can be used for projects being reviewed using the small site process. These BMPs are
generally simple to constructand do not require site specific engineering design.

For erosion and sediment control, Small Site Drainage Review examines the submittedplan, the
topography (existing and proposed), and soil conditions to determinehow best to control sediment-laden
water so that it does not leave the site. Section C.3 (13.C-25) provides erosion control BMPs to reduce
impacts to downstreamproperties andsensitive areas.

Projects that qualify for Small Site Drainage Review but have drainage issues that must be analyzed by a
professional engineer may still be able to use small site BMPs in conjunction with the required
engineering information or recommendations. Engineering analysis is typically requiredto map or
inventory sensitive areas, floodplains, closed depressions, and constructed drainage systems or to evaluate
special flow control thresholds. In some cases, DDES engineering review staff may perform the
engineering analysis for small site projects. This may expedite review and reduce drainage review fees.

Reference Section C, "Small Site Drainage Review Assessment/Requirements," is a series of questions
that cover most of the drainage issues related to small sites. These questions can be used to help determine
which issues may be addressed through small site BMPs and which will require engineering analysis by a
professional engineer registered in the State of Washington.

C.1.2 WHY IS FLOW CONTROL NECESSARY FOR SMALL
PROJECTS?

On undeveloped land, most rainwatersoaks into the ground and flows slowly to nearbylakes and streams
through the upperlayers of soil. When that same area is cleared or covered with an impervious surface,
the rainwateris not capturedby vegetation and forest duff, but flows quickly across the site and through
pipes and channels to lakes or streams. The total amount of surface runoff from the site is increased, and
when combined with uncontrolled runoff from other sites, can overflow the pipes and channels that carry
it. This can result in flooding and erosion of downstream properties. Largerdevelopments address this
problem by collecting runoff from the developed site in retention/detention systems including ponds,
vaults or tanks. Water is then released slowly so as not to overwhelm downstream conveyance systems.

Controlling flows from small sites is just as importantas for large developments, because the cumulative
effect of uncontrolled flows from many small sites can be equivalent to those from a large site, For most
small sites, however, retention/detention ponds may not be warranted, since the natural storage capacity of
soils and vegetation can be used to effectively slow and filter runoff.

SmallSiteDrainageRequirements 9/I/98
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C.1.3 WHAT IS ESC AND WHY IS IT REQUIRED?

All sites, including small sites, are required to use erosion and sediment control (ESC) BMPs to prevent ....
onsite softs and sediment-laden runoff from leaving the site during and after construction. Temporary
erosion and sediment control (TESC) BMPs prevent soil erosion during development of the site. Small
site ESC concentrates on TESC because landscaping usually stabilizes the site after construction. For sites
that are not landscaped, permanent ESC measures are required. Examples of temporary BMPs include
phasing or minimizing clearing, terracing exposed slopes, and placing straw or other mulching materials
on exposed soils.

TESC is required because soils eroded from the site are always deposited downstream in pipes, streams, or
lakes. Soils deposited in a pipe or channel reduce its capacity to convey flows, and can increase the
likelihood of flooding. Soils in streams can also clog the gravels that salmon use for spawning. Nutrients
associated with soils that reach lakes can upset the chemical balance of the lake, causing excessive growth
of algae, milfoil, and other plants, and decreasing recreational uses such as swimming, boating, and
fishing.

C.1.4 WHAT IS SMALL SITE/TARGETED REVIEW?

• Some small sites may have specific drainage-related issues not addressed by the small site BMPs. These
may be adjacent floodplains or sensitive areas, potential downstream drainage problems, drainage to
closed depressions, construction or modification of a drainage system, or area-specific special
requirements. In limited cases, DDES engineering staff may be able to place conditions on the project,
which adequately address the targeted engineering issues. County staff may sometimes supply the
following kinds of engineering analysis:

• Geotechnical review and conditioning of small sites adjacent to steep slopes, or

• Determination of whether a site may use the exception from a minor floodplain analysis for an -
assumed 100-year floodplain elevation.

Otherwise, the applicant is responsible for hiring a professional engineer registered in the State of
Washington to address some or all of the identified engineering issues.

C.1.5 WHAT HAPPENS DURING DRAINAGE REVIEW?

The typical Small Site Drainage Review process for single family residential projects and short plats are
described below. Figure C.1.A (p. C-6) outlines the general drainage review process common to both
permit types. Other development requirements, such as road construction, may disqualify a project from
Small Site Drainage Review.

Single Family Residential Permits

When a residential permit requires drainage review, as defined by the thresholds given on page C-1, the
DDES Site Engineering staff plot the project location on various maps (Assessor's, Kroll, topography,
soils, etc.), research sensitive areas on or near the site, and check for adopted area-specific conditions
which might affect the drainage requirements for the site. A DDES engineer reviews this information with
respect to the proposed application. In most cases; a visit to the site is made to check existing conditions
and drainage concerns.

The DDES engineer makes a determination of the type of drainage review required for the site and will
either:

• Approve the permit subject to complying with an approved small site drainage plan or engineered
plan,

• Request additional information, as needed,

• Request that a small site drainage plan (see Section C.5, p. C-35) be submitted,

911/98 SmallSiteDrainageRequirements
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s Request thatan engineered drainageplan be submitted in accordance with the Surface Water Design
Manual, OR

• Deny the permit application because it cannot meet required codes (e.g., a proposed new residence
located in a FEMA floodway or in a channel migration hazardarea).

Short Plats

Preappfication: The short plat process requires a mandatorypreapplication meeting prior to formal
submittal. The purpose of the preapplicationmeeting is to identify potential site constraints and regulatory
requirements for the proposed project. If the short plat is potentially eligible for Small Site Drainage
Review, the applicant may use this appendix or other informationnecessary to complete the small site
drainageplan.

Preliminary Approval: After formalpermit application, a more detailed review of the site and a
determinationof the type of drainagereview required for the proposed project is made. If eligible for
Small Site Drainage Review, the application may be placed on hold pending the completion of the small
site drainageplan.

The applicant is responsible for submitting a small site drainageplan as outlined in Section C.5 (p. C-35).
Upon completion and approvalof a small site drainage plan (and other application requirements),
preliminaryapproval may be granted,subject to the conditions of the small site drainageplan. For simple
projects without drainage issues triggeringTargeted Drainage Review, engineered drainageplans arenot
usually required.

Forprojects requiring some engineering analysis, preliminary approvalmay be granted subject to the
approval of engineering plans and a small site drainage plan. The applicant may choose to have the small
site drainage plan incorporatedinto the engineered plans, or may elect to have a separate small site
drainageplan, which need not be preparedby an engineer.

Projects that qualify for Small Site Drainage Review but cannot or elect not to comply with the small site
drainage requirementswiU be subject to FuUDrainage Review. Any projects unable to comply with all
applicable regulations (drainage or non-drainage)may be denied.

Engineering Review: Projects receiving preliminaryapproval subject to the completion of a small site
drainage plan and/orengineering plans are subject to engineering review. When separate plans axe being
prepared, submittals for engineering review should include both sets of plans to minimize review time and
re-submittalfees.

Final Recording: All short plat applications must complete the requirements of final recording. Small
site projects will require additional note(s) be placed on the recordeddocuments which reference the
approved smaLlsite drainage plan for future lot construction.

Note: Future building permit applications which do not comply with the conditions of the approved small
site drainage plan (e.g., impervious coverage limits, location of BMPs, etc.) may be subject to Full
Drainage Review.

Engineering Plan Submittal with Permit Application

If the drainagerequirements for a specific project are determined duringa preapplication meeting, small
site drainageplans (see Section C.5) or Full Drainage Review engineering plans [site improvement plans,
erosion and sediment control plans, and a technical informationreport (as necessary)--see SWDM Section
2.3] may be submittedwith the application. Reference C is a series of questions that may help assess the
requirements fora potential small site project. Submitting plans with the permit application may expedite
the review of the proposed application. However, there is risk that the plans preparedmay exceed, or not
adequately address, the yet-to-be-determinedconditions of preliminaryapproval.

AR 032495
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FIGURE C.I.A SIMPLIFIED DRAINAGE REVIEW PROCESS [ _
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C.2 FLOW CONTROL BMPs

There are four basic types of flow control BMPs requiredfor small sites: open space retention on larger
lots, dispersion, infiltration, and perforatedtightline systems. Figure C.2 provides guidelines for
determiningappropriateBMPs for the proposed project. The type of system(s) used will depend on the lot
size, soil type, setback requirements,and topography of the site. In addition, if an onsite sewage system
will be used, flow control BMPs must be designed to maintain setbacks and properfunctioning of that
system.

The BMPs in this appendix are designed to mitigate changes in surface water runoff. Flow control BMPs
should not be connected to sub-surface drains (e.g., footing drains, French drains, etc.) as these
connections may adversely affect the performance of the BMPs, and in some cases may cause reverse flow
into the footing drains during storm events.

Note: Projects which require Targeted Drainage Review may be required to submit engineering plans
(site improvement plans, erosion control plans, and a technical information report) signed and stamped
by a professional engineer registered in the State of Washington to address drainage issues not covered by
this appendix.

Native growth open space BMPs arerequiredfor small site projects over 2 acres in size (see Section
C.2.2, p. C-9). The open space shall be protectedin a separatetract or through easement on individual
lots. Projectsthat set aside open space may qualify for tax relief underthe Public Benefit Rating System.

Dispersion or inf'fltration BMPs are requiredfor small site proposals applying for single family
residential building permits or short plats except in the following case:

If the existing lot is smaller than 22,000 square feet, or if the short plat creates lots less than 22,000
square feet, then/nfdmzt/on is required ff suitable soils are present. If soils will not support
infiltration,then other flow control BMPs must be considered. If site constraints make dispersion and
infiltration unfeasible, then the site may be connected to the storm drainagesystem with perforated
tightline connection (see Section C.2.5, p. C-23).

The intent of small site flow control requirements is to reduce runoff leaving the site to the greatest
extent practical, given constraintsof the site. For large single family residences on large lots, or rural
short plats creating large lots, retaining open space with native vegetation combined with flow dispersion
BMPs should be functional, inexpensive, and easy to constructand locate on the site. However, urban
short plats creating small lots will likely not be able to meet design specifications for dispersion for all
added impervious surface (e.g., driveways). In these cases, flow control BMPs arerequiredto the extent
achievable.

In all cases, DDES review staff must approve the use of small site BMPs for the proposed project. If the
project cannot incorporate the small site BMPs, or if there is a potential for impacts to a neighboring
property, then additional drainage review and engineered mitigation may be required.

C.2.1 DESIGN SPECIFICATIONS FOR SMALL SITE FLOW CONTROL
BMPS
The following sections contain derailed informationon small site flow control BMPs. These are divided
into four basic types: open space retention (for larger lots), dispersion, infiltration,and perforated tightline
connections. Feasibility of dispersion and/or infiltrationmust be evaluated before use of a perforated
tightline connection can be considered. If none of the BMPs can be effectively applied to the site or there
are additional drainage concerns, a professional engineer may be required to provide a workable drainage
design and plan. A geologist or geotedmical engineer must evaluate flow control BMPs proposed on
slopes greater than 20%. In addition,any proposed small site BMP within 50 feet of a slope greaterthan
20% may be subject to geotechnical review. In some cases, the DDES Geologist may perform these
evaluations.

SmallSiteDrainageRequirements 9/1/98
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SECTION C.2 FLOW CONTROL BMPs

FIGURE C.2.A FLOWCHART FOR DETERMINING SMALL SIrE FLOW CONTROL REQUIREMENTS I -

Native Growth[= Open Space
YES

"_re_ BMP

I

NO

_Shortpla_t _Dispersion__ Use Dispersion BMPs (1):/ lotsor parcel _ YES YES sheet flow throughlargerthan _ _ vegetated areas
_22,000 square/ _ Feasible? _" Rock Pads

/ Splash Blocks

DispersionTrenches

° I"°

I Use InfiltrationBMPs:

YES _ InfiltrationTrenches
Dry Wells

Use Dispersion BMPs
if feaseble: OR

Use perforated Stub-Out
(Only if flow paths

not available)

(1) Infiltration BMPs are also acceptable but are not required.
(2) A soils report is required. See section C.5.4 - Submittal Requirements
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C.2.1--DESIGNSPECIFICATIONSFORSMALLSITEFLOWCONTROLBMPS

Note: Some projects may need to route flows down or around slopes or past onsite sewage systems. These
- projects will require non-perforated pipes to routeflows past areas of concern. Small site dispersion or

infiltration BMPs may not be appropriate for these sites, and shall not be used where flows may cause
erosion problems or impact onsite sewage systems. A licensed onsite sewage system designer, Seattle.
King County Department of Public Health (SKCDPH) and/or DDES engineering review staff must be
consulted in cases where there is a potential conflict between onsite sewage systems and small site flow
control BMPs.

The placement and type of proposed flow control BMPs may need to be shown on a small site drainage
plan. Required features of this plan are outlined in Section C.5, "Submittal Requirements" (p. C-35). For
some projects, DDES may apply small site BMP requirements as conditions of permit approval without
the need for a specific plan. For other projects, applicants should use this appendix to prepare a small site
drainage plan to the best of their ability.

C.2.2 NATIVE GROWTH OPEN SPACE BMPs

Except for some areas where forest retentionis mandatory(see Surface Water Design Manual Reference
Section 2-A), King County has adopted an incentive-based approachto forest and open space retention.
The preservation of forested cover in our watersheds is important forprotecting the quality of our natural
stream systems. Forested and native growth areas allow rainwater to naturallypercolate into the soil,
recharging groundwaterfor summerstreamflows andlessening increases of surface water that create
erosion and flooding. Forested and native growth areas also may be effective as stormwater buffers
aroundsmaller developments. By preserving 65% or more of the site as native growth, preferably
forested, and applying flow control BMPs, an equivalent level of protection forour streams can be
achieved without constructing engineered stormwaterfacilities.

Projects in Small Site Drainage Review must clear less than 2 acres or less than 35%a of the site,
whichever is greater. The remainderof the site must be preserved as native growth retention area
subject to the following criteria and conditions:

1. The native growth retention areashall include remaining forested areas on the site. Those portions
of the site that axe currently cleared (not in violation of King County Code) may be excluded from the
native growth retention area requirements. However, no additional clearing may be performed on the
site that will result in the maximum clearing allowances (2 acres or 35% of the site, whichever is
greater) being exceeded, except as approved by DDES in conjunction with a reforestation plan for an
equivalent areaof existing clearing. Projects that propose to clear in excess of this threshold will be
subject to Full Drainage Review.

2. The native growth retention areamust be placed in a separate tract or protected through recorded
easements for individual lots. Native growth retention areason individual lots can be established
through conservation easements, with tax benefits available through the Public Benefit Rating System
program. An example native growth retention area covenant is located in Reference Section A.

3. Whether set aside in tracts or established by easement on individual lots, the native growth retention
area must be shown on the small site drainage plan and described in recorded documents as "a
native vegetation retention area established for purposes of dispersing and treating stormwater flows."

4. The principle restriction on native growth retention areas is removal of vegetation and trees. If
feasible, the open space should be located downslope from the building sites, since flow control and
water quality is enhanced by flow dispersion through duff, undisturbedsoils, and native vegetation.

5. The native growth retention area may include onsite SAO sensitive areas and should be contiguous
with sensitive areas, as feasible. For sensitive areas designated under KCC Title 21A, allowable uses
shall be limited to those specified in KCC 21A.24.

6. All trees within the native growth retention area at the time of permit application shall be retained,
aside from approved timber harvest activities and the removal of dangerous and diseased trees. If the

8 Projectsrequiringgeotechnicalreviewmaybesubjecttoincreasedopenspaceasneededtoprovideincreasedprotection
forlandslidehazardareasorothersensitiveslopes.
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SECTIONC.2 FLOWCONTROLBMPs

site is located within an area of mandatory clearing limits and has been illegally cleared; a restoration
plan may be required.

7. The native growth retention area shall be shown on all property maps and shall be clearly marked
during clearing and construction on the lots.

8. The native growth retention area may be used for passive recreation and related facilities, including
pedestrian and bicycle trails, nature viewing areas, fishing and camping areas, and other similar
activities that do not require permanent structures, provided that cleared areas and areas of compacted
soil associated with these areas and facilities do not exceed eight percent of the native growth
retention area.

9. The native growth retention area may contain utilities and utility easements, including flow control
BMPs.

10. Roof downspout dispersion and driveway dispersion must be provided as described in this
appendix. A note conditioning future single family residential building permits on compliance with
small site requirements shall be recorded with the short plat.

11. If allowed under other regulations, the native growth retention area restrictions may be removed to
accommodate future development provided drainage review evaluates the requirements for stormwater
facilities (flow control and water quality) according to regulations in effect at the time of future
application. For facility design, "existing conditions" shall be defined as those site conditions that
existed prior to _e approval of the original Small Site Drainage Review.

Public Benefit Rating System

The Public Benefit Rating System (PBRS) provides tax credit for properties which preserve 4 acres or
more of contiguous open space in rural areas. Additional credits are granted under the forested open space
category, provided a Forest Management Plan is developed that shall maintain the open space in a fully
forested condition.

C.2.3 INFILTRATION TRENCHES AND DRYWELLS
If soils are appropriate, either infiltration trenches or drywells must be used for flow control on new lots
(proposed by short plats) or existing lots (for single family residences) smallerthan 22,000 squarefeet.

Infiltration trenches and drywells are sized to allow runoff to soak into the ground, and they perform
adequately only in soils that allow water to infiltrate well s Infiltration trenches are the better infiltration
option where the depth to the maximum wet-season water table or hardpan is between 3 and 6 feet.
Drywells are deeper and generally more compact than infiltration trenches. Drywells can be used in areas
where the depth to the maximum wet-season water table is 6 feet or greater.

Typical Uses: Roof downspouts, parking areas, driveways.

Infiltration BMPs may not be placed on or above slopes greater than 20% without evaluation by a
geotechnical engineer or qualified geologist and approval by DDES.

Coarse sandsteobbles or medium sands are considered appropriate for infiltration trenches and drywells.
While other soil types will also infiltrate runoff, infiltration in coarse to medium sands provides greater
assurance that trenches will perform in the long term. (Infiltration may be used on larger lots with some
finer soil types. Section 5.1.1 of the King County Surface Water Design Manual contains design
specifications for infiltration systems in soils other than coarse or medium sands).

A soils report is necessary to identify soil types and depth to impermeable layers or groundwater. The
report is required for all lots less than 22,000 square feet and for any lot proposing to use infiltration for
flow control. If the soils report indicates soils unsuitable for infiltration, other flow control BMPs must be
used.

S Many locationsin KingCountyhave till soilswherean impervious(hardpan) layer sits below2 to 3 feet of well-drainingsoil.
Runoffwill infiltratedownto the hard pan. Duringthe wetter months,waterwill perchabove this imperviouslayer and "-t
saturatethe ground. Thist_ipeof soil is notconsideredan infiltrativesoil.
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C.2.3--1NFILTRATIONTRENCHESAND DRYW_.IJ.S

C.2.3.1 SOIL REQUIREMENTS

• A soils reportmust be preparedby an onsite sewage designer or by other suitablytrainedpeople
working under the supervisionof a professional engineer registered in the State of Washington to
determine if soils suitable for infiltration arepresent on the site. See Section C.5.4, "Soils Report"
(p. C-37), for details of soils report requirements.

• To be used in infiltration systems on lots smaller than 22,000 square feet, soils must be either coarse
sands or cobbles or medium sands.

• Trenches and drywells are not allowed in fill materials except in engineered sand and gravel fill See
Section 5.4.1 of the Surface Water Design Manual for specifications for engineering and placement of
fill materials.

C.2.3.2 TRENCH REQUIREMENTS

Figure C.2.B (p.C-13) and FigureC.2.C (p. C-14) illustrate the requirementsfor infiltration trench systems
as outlined below:

• The trench bottom must be a minimum of 1 foot above seasonal high groundwaterlevel or
imperm_ble soil layers.

• There must be 20 feet of trenchper 1,000 square feet of impervious surface for coarse sands or
cobbles, and 30 feet of trenchper 1,000 squarefeet of impervious surface for medium sands.

• Trench lengths shall not exceed 100 feet from the inlet sump.

• Filter fabric (geotextile) shall be placed on top of the drainrock and on trenchsides prior to
backfilling.

• Spacing between trenchcenterlines shall be a minimum of 6 feet.

- * To prevent damage to overlying pavement, trenches located beneath pavement shall be constructed
such that the trench pipe is connected to a small yard drain or catch basin with a grate cover so that if
the trench infiltration capacity is exceeded, the overflow would occur out of the catch basin at an
elevation at least one foot below that of any overlying pavement, and in a location which provides a
safe path for the overflow.

• Runoff from pollution generating surfaces (driveways and parking areas) shall pass through a yard
drain or catch basin fitted with a down-turnedelbow priorto entering the infiltration trench(see
Figure C.2.B, p. C-13). The elbow is to trapspilled material in the catchbasin sump so that the
spilled material can be cleaned up more easily by the homeowner.

• A minimum 5-foot setback shall be maintained between any part of an infiltration trench and any
structure or property line. Trenches may not be placed in sensitive area buffers. A 50-foot setback is
required between an infiltration trench and an SAO steep slope or landslide hazard area (this may be
reduced with a geotechnical engineering report and approval of DDES).

• Downspout infiltration trenches are not allowed on slopes greater than 25% (4:1). Infiltration trenches
may not be placed on or above a landslide hazard area or slopes greater than 15% without evaluation
by a geotechnical engineer or qualified geologist and DDES approval.

• For sites with septic systems, infiltration trenches must be located downgradient of the primary and
reserve drainfield areas. DDES permit review staff can waive this requirement if site topography
clearly prohibits subsurface flows from intersecting the drainfield. See Reference B for a summary of
SKCDPH onsite sewage system requirements.

SmallSiteDrainageRequirements 9/1/98
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SECTION C.2 FLOW CONTROL BMPs

C.2.3.3 DRYWELL REQUIREMENTS

Figure C.2.D on page C-15 illustrates the requirements for drywell infiltration systems as outlined below: -

• Drywell bottoms must be a minimum of 1 foot above seasonal high groundwater level or
impermeable soil layers.

• If using drywells, each drywell may serve up to 1000 square feet of impervious surface for either
medium sands or coarse sands

• Typically dryweUs are 48 inches in diameter (minimum)and have a depth of 5 feet (4 feet of gravel
and 1 foot of suitable cover material). See the detail in Figure C.2.D (p. C-15).

• Filter fabric (geotextile) shall be placed on top of the drain rock and on trench or drywell sides prior
to backfilling.

• Spacing between drywells shall be a minimum of 4 feet.

• A minimum 5-foot setback shall be maintained between any part of a drywell and any structure or
property line. DryweUs may not be placed in sensitive area buffers. A 50-foot setback is required
between a dryweU and an SAO steep slope or landslide hazard area (this may be reduced with a
geotechnical engineering repo_ and approval of DDES).

• Downspout infiltration trenches are not allowed on slopes greater than 25% (4:1). Drywells may not
be placed on or above a landslide hazard area or slopes greater than 15% without evaluation by a
geotechnical engineer or qualified geologist and DDES approval.

• For sites with septic systems, drywells must be located downgradient of the primary and reserve
drainfleld areas. This requirement can be waived by DDES permit review staff if site topography
clearly prohibits subsurface flows from intersecting the drainfield. See Reference B for a summary of
SKCDPH onsite sewage system requirements.

AR 032502 ....
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C.2.3--INPILTRATIONTRENCHES AND DRYW_.L[S

I FIGURE C.2.B TYPICAL DOWNSPOUT INFILTRATION SYSTEM II
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SECTION C.2 FLOW CONTROL BMPs

[[ FIGURE C.2.C ALTERNATIVE DOWNSPOUT INFILTRATION SYSTEM I
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C.2.3--1NFILTRATIONTRENCHES AND DRYW_I.I-S

FIGURE C.2.D TYPICAL DRYWELL INFILTRATION SYSTEM
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SECTIONC.2 FLOWCONTROLBMPs

C.2.4 DISPERSION BMPS

Dispersion is the simplest and least expensive small site flow control BMP. Flows concentrate when
gutters, ditches, or pipes collect and funnel runoff to a single discharge point. Methods such as
splashblocks, rockpads and dispersion trenches can disperse these flows. Dispersed flows travel slowly
through vegetation and upper soil layers, slowing runoff rates and providing water quality benefits.

Note: Dispersion BMPs may not be placed on or above slopes greater than 20% without evaluation and
approval by a geotechnical engineer or qualified geologist. Any proposed small site BMP within 50feet
of a slope greater than 20% may be subject to geotechnical review.

C.2.4.1 SPLASHBLOCKS

Splashblocks are the simplest way to disperse flows from a roof area. Downspout splashblocks or
downspout/drain extensions with splashbloeks are often the only hardware required for this type of system.
Vegetated towpaths do the work of slowing and cleaning stormwater runoff.

Typical Uses: Roof downspouts

Design Specifications

Figure C.2.E (13.C-19) shows details of a roof downspout and splashblock. In general, if the ground is
sloped away from the foundation, and there is adequate vegetation and area for effective dispersion,
splashblocks will adequately disperse storm runoff. If the ground is fairly level, if the structure includes a
basement, or if foundation drains are proposed, splashblocks with downspout extensions may be a better
choice because the discharge point is moved away from the foundation. Downspout extensions can
include piping to a splashbloek/discharge point a considerable distance from the downspout, as long as the
runoff can travel through a well-vegetated area as described below.

The following conditions must be met to use splashblocks: --

• A vegetated towpath 1°of at least 50 feet must be maintained between the discharge point and any ....
property line, structure, steep slope, stream, wetland, lake, or other impervious surface. Sensitive area
buffers may count toward towpath lengths.

• A maximum of 700 square feet of roof area may drain to each splashblock.

• A splashblock or a pad of crushed rock (2 feet wide by 3 feet long by 6 inches deep) shall be placed at
each downspout discharge point.

• No erosion or flooding of downstream properties may result.

• Runoff discharged towards landslide hazard areas must be evaluated by a geoteehnical engineer
or qualified geologist. Splashblocks may not be placed on or above slopes greater than 20% or above
erosion hazard areas without evaluation by a geotechnical engineer or qualified geologist and DDES
approval.

• For sites with septic systems, the discharge point must be downslope of the primary and reserve
drainfield areas. This requirement can be waived by DDES permit review staff if site topography
clearly prohibits flows from intersecting the drainfield. See Reference B for a summary of SKCDPH
onsite sewage system requirements.

lo Thevegetatedflowpathmustbecoveredwithwell-establishedlawnorpasture,landscapingwithwell-established
groundcover,ornativevegetationwithnaturalgroundcover.Thegroundcovershallbedenseenoughtohelpdisperseand ....
infiltrateflowsandtopreventerosion,
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C.2.4---DISPERSIONBMPS

C.2.4.2 DISPERSION OF CONCENTRATED FLOWS THROUGH VEGETATION

Concentrated flow dispersion can also be used with steep driveways (>15% slope). Figure C.2.G (p. C-
21) shows two possible ways of spreadingflows from steep driveways.

Note: Dispersion for driveways will generally only be effective for proposed single family residences on
large lots and in rural short plats; lots proposed by short plats in urban zoning will generally be too small
to provide effective dispersion of driveway runoff.

Typical Uses: Steep ruraldriveways (>15% slope),.and any situation where concentrated flows can be
dispersed through vegetation

Design Specifications

The following conditions must be met to use dispersion of concentrated flows through vegetation:

• A vegetated towpath of at least 50 feet, as illustratedin Figure C.2.G (p. C-21) must be maintained
between the discharge point and any property line, structure, steep slope, stream, lake, wetland, lake or
other impervious surface. Sensitive area buffers may count toward towpath lengths.

* A maximum of 700 square feet of impervious area may drain to each dispersion BMP.

• A pad of crushed rock (2 feet wide by 3 feet long by 6 inches deep) shall be placed at each discharge
point.

• No erosion or flooding of downstream properties may result.

• Runoff discharged towards landslide hazard areas must be evaluated by a geotechnical engineer
or qualified geologist. The discharge point may not be placed on or above slopes greater than 20%
or above erosion hazard areas without evaluation by a geomchnical engineer or qualified geologist and
DDES approval.

• For sites with septic systems, the discharge point must be downgradient of the dralnfield primary and
reserve areas. This requirement can be waived by DDES permit review staff if site topography clearly
prohibits flows from intersecting the drainfield. See Reference B for a summary of SKCDPH onsite
sewage system requirements.

C.2.4.3 DISPERSION TRENCHF_

Where dispersion of concentrated flows through 50 feet of vegetation is not feasible, such as on a small or
highly constrained site, a dispersion trench may be used to "unconeentrate" flows. Dispersion trenches
provide some storage for runoff, promote infiltration, and spread concentrated flows so that a sho_er
vegemmd path length can be used at the trench outlet. This BMP is more expensive than the simple
dispersion systems described above, and must be carefully constructed to be effective.

Typical Uses: Roof downspouts, steep driveways, or any situation where flows are concentrated but
where dispersion through vegetation (previous section) is not feasible.

Design Specifications

Figure C.2.F (p. C-20) provides details for dispersion trenches. In addition, the following requirements
must be met:

• A vegetated towpath of at least 25 feet in length must be maintained between the outlet of the trench
and any property line, structure, stream, wetland, or impervious surface. A vegetated flowpath of at
least 50 feet in length must be maintained between the outlet of the trench and any steep slope.
Sensitive area buffers may count towards flowpath lengths.

• Each trench can serve up to 700 square feet of impervious area. For larger impervious areas, Figure
4.2.2.C in the Surface Water Design Manual includes design details for a flow dispersal trench which
can be installed on small sites at a ratio of 10 feet of trench per 700 square feet of impervious area.

• A setback of at least 5 feet must be maintained between any edge of the trench and any structure or
property line.
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SECTIONC.2 FLOWCONTROLBMPs

• No erosion or flooding of downstreamproperties may result.

• Runoff discharged towards landslide hazard areas must be evaluated by a geoteehnical engineer
or qualified geologist. The discharge point may not be placed on or above slopes greater than 20%
or above erosion hazard areaswithoutevaluation by a geotechnical engineer or qualified geologist and
DDES approval.

• For sites with septic systems, the discharge point must be downgradient of the drainfleld primary and
reserve areas. This requirermntcan be waived by DDES permit review staff if site topography will
clearly prohibit flows from intersecting the drainfleld. See Reference B for a summary of SKCDPH
onsite sewage system requirements.

C.2.4A SHEET FLOW DISPERSION

Sheet flow dispersion is the simplest method of flow control. This BMP can be used for any impervious
surface that is graded so as to avoid concentratingflows. Because flows arealready dispersed as they
leave the impervious surface, they need only traverse a narrowband of adjacent vegetation for effective
attenuation and treatmont.

Typical Uses: Flat or moderately sloping surfaces (< 15% slope) such as driveways, sport courts, patios,
and roofs without gutters; or any situation where concentration of flows can be avoided.

Design Specifications
Figure C.2.H (p. C-22) and the following guidelines apply to surfaces graded to avoid concentrating
runoff:

• A 2-foot-wide transition zone to discourage channeling should be provided between the edge of the
driveway pavement and the downslope vegetation, or under building eaves. This may be an extension
of subgrade material (crushed rock), modular pavement, drain rock, or other material acceptable to
DDES.

• A vegetated buffer width of 10 feet must be provided for up to 20 feet of width of paved or
impervious surface. An additional 5 feet of width must be added for each additional 20 feet of width
or fraction thereof.

• No erosion or flooding of downstream properties may result.

• Runoff discharge toward landslide hazard areas must be evaluated by a geotechnical engineer
or a qualified geologist. The discharge point may not be placed on or above slopes greater than 20%
or above erosion hazard areas without evaluation by a geotechnical engineer or qualified geologist and
DDES approval.

• For sites with septic systems, the discharge point must be downgradient of the drainfleld primary and
reserve areas. This requirement can be waived by DDES permit review staff if site topography will
clearly prohibit flows from intersecting the drainfield. See Reference B for a summary of SKCDPH
onsite sewage system requirements.

~-,
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C.2._ DISPERSION BMPS

FIGURE C.2.E TYPICAL ROOF DOWNSPOUT SPLASHBLOCK DISPERSION
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SECTION C.2 FLOW CONTROL BMPs

g IrFIGURE C.2.r TYPICAL DOWNSPOUT DISPERSION TRENCH
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C.2A DISPERSIONBMPS

I FIGURE C.2.G TYPICALDISPERSIONFOR STEEP DRIVEWAYS [J
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C.2._-PERFORATEDTIGHTLINECONNECTION

C.2.5 PERFORATED TIGHTLINE CONNECTION

Perforated tightline connections convey flows directlyto a downstream drainage system such as a ditch
or roadway pipe system. They are a last resort,and are appropriateon sites so small or constrained that
dispersion will be ineffective or will create problemson neighboring properties. Perforated tightline
connections are intended to provide for some infiltrationduring drier periods (late spring through early
fall). During the wet winter months, these BMPs may provide little to no flow control or water quality
benefits.

Typical Uses: Flows from impervious surfaces on small urban lots where vegetated flowpaths are not
available for surface dispersion and where infiltration is not feasible.

DesignSpecifications

Connection to a storm drainage system with perforated pipe can be used for all types of impervious
surface. Figure C.2.I (p. C-24) provides details on perforated tighfline connections. Perforated tightline
connections must be placed using the following constraints:

• The perforated stub-out connection shall be placed in native soil to maximize infiltration and
dispersion of water.

• Setbacks from features other than septic systems shall be as listed in Reference Section B.

Note: To facilitate maintenance, the perforated pipe portion of the system may not be located under
impervious or heavily compacted (e.g., driveways and parking areas) surfaces.

• Runoff discharge toward landslide hazard areas must be evaluated by a geotechnical engineer
or a qualified geologist. The perforated portion of the pipe may not be placed on or above slopes
greater than 20% or above erosion hazard areas without evaluation by a geotechnical engineer or
qualified geologist and DDES approval.

• For _tes with septic systems, the discharge point must be downgradient of the drainfield primary and
reserve areas. This requirement can be waived by DDES permit review staff if site topography will
clearly prohibit fows from intersecting the drainfleld. See Reference B for a summary of SKCDPH
onsite sewage system requirements.

C.2.6 ENGINEERING ANALYSIS

Projects that cannot comply with or elect not to use the small site drainage requirements and projects
where DDES determines the small site BMPs will not adequately protect the downstream drainage path
will be subject to Full Drainage Review. A drainage analysis and engineering plans may be required to be
submitted by a professional engineer registered in the State of Washington.
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SECTIONC.2 FLOWCONTROLBMPs

I FIGUREC.2.I PERFORATEDTIGHTLINECONNECTION II
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

C.3 EROSION AND SEDIMENT CONTROL MEASURES

It is the responsibility of both the applicantand contractorto prevent the erosion and transport of sediment
to the greatest extent possible. Erosion control measures shall be used both duringand after construction.

TemporaryErosion and Sediment Control (TESC) measures areused duringconstruction to minimize the
amountof sediment mobilized and trap any mobilized sediment before it leaves the site. Examples of
temporaryerosion controls include the use of mulches or other cover materials,marked/minimized
clearing limits, androuting of water around exposed soils. Installationand maintenance of silt fencing is
an example of sediment trapping. TESC techniques that areparticularlysuitable for small sites are
described in Section C.3.1.

Permanent Erosion and Sediment Control (final stabilization)measures areused to stabilize the site at the
end of construction. Examples of permanent ESC measures include landscaping, mulching, and seeding.

C.3.1 TEMPORARY EROSION AND SEDIMENT CONTROL (TESC)
REQUIREMENTS
The following measures will be requiredon small sites in order to minimize onsite erosion and prevent
mobilized sediment from leaving the site:

• Rock construction entrance

• Mulching

• Minimized clearing

• Silt fencing

• Winter stabilization.

Typically, a combination of all of the above BMPs arerequiredduringconstruction, unless specific site
conditions exist which make a particular BMP unnecessary, as determinedby DDES engineering review
staff. Other sediment control measures may be allowed or requiredif these are inappropriatefor the
project or fail to contain sediment on the projectsite. A descriptionof other measures and a more detailed
descriptions of those included here can be found in Erosion and Sediment Control Standards (detached
Appendix D of the King County Surface Water Design Manual).

The placen_nt and type of proposed ESC BMPs are to be shown on the small site ESC plan. Required
features of this planare outlined in Section C.5, "SubmittalRequirements" (p. C-35).

C.3.1.1 ROCK CONSTRUCTION ENTRANCE

Purpose

Rock construction entrances help prevent transport of sediment away from the site on the tires or
undercarriagesof vehicles.

Application
Rock construction entrances shall be provided at all entranceways to a cleared construction site from a
private or public road.

Design Specifications
Rock pads are normally 12 feet by 50 feet and 1 foot deep; however, for small site projects, the pad may
be reduced to 12 feet by 25 feet (see Figure C.3.A, p.C-29), or as approved by the DDES Inspector,
provided no sediment is leaving the site. Rocks used for pad construction will be 4 to 6 inches in diameter.
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SECTIONC.3 EROSION AND SEDIMENTCONTROLMEASURES

Geotextile 11must be placed beneath the rock to prevent fine sediments from being "pumped" up through
the rock by heavy vehicles. All vehicles must use the rock pad to leave the site.

Maintenance

Construction entrances must be inspected regularly, and rock must be replaced as needed.

C.3.1.2 MULCHING

Purpose

Mulching prevents erosion by dissipating the energy of and absorbing water. Mulch prevents raindrops
from falling directly on exposed soils, reducing the likelihood that soils will be dislodged and washed
away. Mulch also enhances plant establishment by conserving moisture, holding fertilizer, seed, and
topsoils in place, and moderating soil temperatures.

Application

Mulch may be applied:

• On disturbed areas that will remain unworked for more than 7 days (2 days during the wet season, see
Section C.3.1.5, "Winter Stabilization").

• On disturbed areas that need cover measures for less than 30 days.

• As a cover for seed during the wet season and during the hot summer months.

• During the wet season, on disturbed slopes steeper than 3H: IV with more than 10 feet of vertical
relief.

Design Specifications

The amount of mulch applied per acre (application rate) depends on the type of material used. Table C. l
provides application rates for a variety of common mulches. Plastic can be used as a surrogate for mulch,
with the following cautions:

• If erosion at the toe of the covered slope is likely, a gravel berm, riprap, or other suitable protection
shall be installed at the toe to reduce the velocity of runoff.

e Seams between sheets must overlap and must be weighted or taped/stapled together.

• Toe in sheeting at the top of slope with a minimum 4"x 4" trench running the length of the top of
slope.

Maintenance

Mulch must be inspected regularly and more mulch added as needed to maintain the suggested application
rate. All rips or tears in plastic sheeting shall be repaired. Sheeting shall be checked to ensure it is
properly overlapped and weighted in place; sheeting shall be re-lapped and weights replaced as needed.

11 Thegeotextileshallmeetthefollowingstandards:
Grabtensilestrength(ASTMD-4751)= 200psimin.
GrabTensileElongation(ASTMD-4632= 30%max. _.
MullenBurstStrenqth(ASTMD-3786-80a)=.400psirain.
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C.3.I--TEMPORARYEROSION AND SEDIMENT CONTROL (TESC)REQUIREMENTS

TABLE C.1 APPLICATION RATES AND QUALITY STANDARDS FOR MULCH MATERIALS

Mulch Material Quality Standards Application Rates

Straw Air-Dried;free from undesirable 2"-3" thick;2-3 bales per 1000 sf, or
seed and coarse material 2-3 tons per acre

Wood Fiber Cellulose No growth inhibitingfactors Approx.25-30 Ibs. per 1000 sf, or
1000-1500 Ibs. per acre

Compost No visiblewater or dust during 2" thickrain.;approx. 100 tons per acre
handling. Must be purchasedfrom (approx, 800 Ibs. per yard)
supplierwith solidwaste handling
permit.

Chipped Site Average size shall be several 2" minimumthickness
Vegetation inches

i

C.3.1.3 MARK CLEARING LIMITS/MINIMIZE CLEARING

Purpose

Minimizing clearing is the most effective method of erosion control. Undisturbed vegetation intercepts
and slows rainwater. Plant roots hold soil in place, and dead vegetation on the ground acts as a mulch.

Applications

Clearinglimitsshallbe markedandclearingminimizedon any sitewheresignificantareasofundisturbed
vegetationwillbe retained.

Design Specifications

Minimizing clearing should be incorporated into the site design. Clearing limits must be marked on both
the site plan and the erosion control plan. On the ground, clearing limits must be clearly marked with
brightly colored tape or plastic or metal safety fencing (also referred to as Sensitive Areas Setback, or
SASB fencing). If tape is used, it should be supported by vegetation or stakes, and should be about 3 to 6
feet high and highly visible. Equipment operators should be informed of areas of vegetation that are to be
left undisturbed.

Maintenance

Fencingshallbe inspectedregularlyand repairedorreplacedasneeded.

C.3.1.4 SILT FENCING

Purpose
Silt fencing catches sediment that has been mobilized by water flowing over the site. Fabric used in the

construction of silt fencing has openings specifically sized to allow water to flow through while retaining
the majority of particle sizes.

Application

Silt fencing shall be used to protect the perimeter of the site. It can be placed parallel to topographic
contours. Silt fencing is not suitable for placement in drainage channels or for other concentrated flows.

SmallSite DrainageRequirements 9/1/98
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SECTIONC.3 EROSION AND SEDIMENTCONTROLMEASURES

Design Specifications

As shown in Figure C.3.B (p. C-30), silt fence must be towed-in to a shallow trench, and then staked and .....
reinforced to function properly. The silt fence, which can be found at many construction supply stores,
must meet the following standard specifications:

AOS (ASTM D4751) 30-100 sieve size (0.60-0.15 mm) for slit film
50-100 sieve size (0.30-0.15 mm) for other fabrics

Water Permittivity(ASTM D4491) 0.02 sec"1minimum.

Grab Tensile Strength (ASTM D4632) 180 Ibs min. for extra strength fabric
100 Ibs min. for standard strengthfabric

Grab Tensile Elongation(ASTM D4632) 30% max.

Ultravioletresistance (ASTM D4355) 70% min.

Maintenance

Fencing must be inspected regularly for damage. Silt fencing does break down under UV light. Sediment
collected behind the fence must be removed so that this material does not push the fence over.

C.3.1.5 WINTER STABILIZATION

Purpose

In order to minimize sediment-laden runoff, as much of the bare and disturbed portions of the site as _
possible should be covered during any period of precipitation. Once sediment is mobilized, it is much
more difficult to effectively control.

Application

All sites require winter stabilization between October 1 and April 30 (the wet season).

Design Specifications

During the above time frame, slopes and stockpiles 3H:IV or steeper and with more than l0 feet of
vertical rise shall be covered if they are to remain unworked for more than 12 hours. Other disturbed areas
shall be covered or mulched according to Table C. 1 (p. C-27) if they are to remain unworked for more
than two days. Cover material sufficient to cover all disturbed areas shall be stockpiled on site at the
beginning of the wet season. Areas that are to be left unworked during the winter shall be seeded prior to
September 23.

Maintenance

The site should be inspected weekly and immediately before, during, and after storms. Cover and other
erosion control measures shall be repaired and enhanced as necessary to prevent or minimize sediment
runoff and transport.

9/1/98 Small Site Drainage Requirements
C-28

AR 032518



C.3.2--FINALSTAB]LIT_&TION

C.3.2 FINAL STABILIZATION

Purpose

Final stabilization minimizes sediment-laden runoff from the site after construction has been completed.

Application

All sites require final stabilization prior to final construction approval.

Design Specifications

Prior to final construction approval, the site shall be stabilized to prevent sediment-laden water from
leaving the site after project completion. All disturbed areas of the site shall be vegetated or otherwise
permanently stabilized. At a minimum, disturbed areas must be seeded and mulched to ensure that
sufficient cover will develop shortly after final approval. Mulch without seeding is adequate for small
areas to be landscaped before October 1.

All permanent surface water facilities (including catch basins, manholes, pipes, ditches, channels, flow
control facilities, and water quality facilities) impacted by sedimentation during construction must be
cleaned.

Maintenance

Permanent erosion control is the responsibility of the owner. The site must be kept stabilized using
landscaping, mulch, or other measures to prevent sediment-laden water from leaving the site and to
prevent sediment from being transported onto adjacent properties and roads.

I FIGURE C.3.A ROCK CONSTRUCTION ENTRANCE I
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byDDES inspectoras
siteconditionswarrant.
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SECTIONC.3 EROSION AND SEDIMENTCONTROLMEASURES
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

C.4 TARGETED REVIFW FOR SMALL SITES

Small sites which contain sensitive areas (streams, lakes, wetlands, steep slopes, landslide hazard areas,
erosion hazard areas, channel migrationhazard areas, floodplain hazard areas), are located in an area with
special drainagerequirements,or areproposing to constructor modify a drainage system must meet
specific (targeted) drainage requirementsfor these areas. In some cases, DDES review staff may approve
the small site BMPs combined with increased setbacks and/or other conditions. In other cases, a
professional engineer may be requiredto perform the targeted analysis and submit engineering plans.

Note: Drainage review is not a complete Sensitive Areas review. Small sites proposals are not exempted
from applicable requirements of ffCC 21A.24 (sensitive areas regulations) including Sensitive Area
Setback Areas (SASA ), building setbacks, Sensitive Areas Notice on Title, permitted alterations and uses.

C.4.1 LAKES, WETLANDS, STREAMS, AND CLOSED DEPRESSIONS
WITH AN APPROVED 100-YEAR FLOODPLAIN STUDY
Some small sites contain or abut a lake or stream which has been mapped to show the Federal Emergency
Management Agency (TEMA) 100-yearfloodplain, or has been mapped in a flood hazard study by King.
County Department of Natural Resources, Water and LandResources Division (WLRD), or has a King
County approved 100-yearfloodplain analysis completed (consistent with currentregulations) for this
property.

If DDES staff determines that the proposed project meets FEMA and County regulations for building in or
near a floodplain, the permit can be approved with specific conditions such that the project does not
impact the floodplain and that a.flood will have minimum impact on the developed site. Examples of
conditions could include:

• Building on a portionof the site where the existing groundis higher than the 100-year flood elevation,

• Building within the flood fringe using post and pile foundation to provide unrestricted flow through
the foundation area,

• Placing no fill within any portion of the floodplain without providing equivalent compensating
storage.

For permits proposing a structure within or adjacent to the 100-year FEMA floodplain, an "Elevation
Certificate" must usually be completed and submitted to DDES after the foundation is constructed but
prior to the framing approval. A surveyor, or other qualified person under the supervision of a licensed
surveyor, must specify the elevation of the lowest finished floor of the structure. This information is often
required by mortgage companies, and it helps the homeowner obtain proper flood insurance and maintain
accurate insurance ratings for flood-prone areas.

If DDES staff determines that the proposed project does not meet FEMA or County regulations for
building in or near a floodplain, the applicant may be required to hire a professional engineer to perform a
100-year floodplain/floodway .analysis. If the site is located in the 100-year floodway, the permit may be
denied; Federal and County regulations prohibit building structures in the floodway.
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SECTIONC.4 TARGETEDREVIEWFORSMALLSITES

C.4.2 LAKES, WETLANDS, STREAMS, AND CLOSED DEPRESSIONS
WITHOUT AN APPROVED 100-YEAR FLOODPLAIN STUDY

In many cases, the site contains or abuts a stream, lake, wetland, and/or closed depression that has not
been analyzed for the 100-year floodplain. An exception from performinga 100-year floodplain analysis
exists for small site projects which have a nearbydrainage feature but which are in no danger of flooding
due to topographic conditions which clearly prevent water from rising to the elevation of the proposed
building site(s).

Exception: An engineered floodplain analysis would not be requiredif it is demonstrated that the
proposed building site is located at an elevation at least 10 feetTMabove the ordinaryhigh water mark
of the stream,lake, or wetland; or at least 2 feet above the downstream overflow elevation of a
conveyance system, stream, lake, wetland or closed depression, whichever is less. DDES may
approve this exception provided that downstream flow restrictions, informationfrom previous flood
events, and potential for futureflow increases clearly indicate this to be a conservative assumed
100-year flood elevation.

The intent of the "10/2" rule stated above is to eliminate the need to analyze the 100-year floodplain when
a site is clearly in no danger of flooding because of significant topographic relief. The minimum l0 feet of
separation from ordinaryhigh water usually eliminates the need for engineering analysis for those projects
adjacent to streamsconfined to deep channels or ravines, or near lakes or wetlands which have well-
defined broad outflow channels. The 2-foot elevation above downstream overflow is intended to provide
protection to projects located upstream of drainagesystems that may become plugged, such as roadway
culverts and to prevent constructionbelow the maximum overflow elevation of lakes, wetlands, or closed
depressions. Note: The 2-foot exception is not intended to be applied to restricted overflows, the overflow
should be a broad weir or channel without obstructions.

Where it is determined by DDES staff that the "10/2" rule may not provide a conservative assumed flood
elevation, the project must be revised and/or a professional engineer registered in the State of Washington
must submit a 100-yearfloodplain study as described in Section 4.4.2 of the Surface Water Design
Manual.

Upon approval, either by the "10/2" rule or by engineering analysis, a Sensitive Areas Notice on Title must
be recorded for the site. For shortplats, the areaof the proposed project site that is at or below the
assumed base flood elevation must be delineated as a floodplain and appropriateconditions recorded with
the short plat. For single family residential permits, the assumed floodplain need not be delineated, but the
Sensitive Areas Notice on Title and approved site plan must note that a floodplain exists, and no fill or
alteration is allowed. The assumed base flood elevation must be noted if determined.

12 In some cases, ten feet may notbe adequate to containthe lO0-year flood(e.g., Fish Lake nearEnumclaw,small streams
flowinginto largeriversthat may backwaterinfloodevents,constricted/confinedstreams orponds).
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C.4.4--EROSIONHAZARDAREAS

C.4.3 STEEP SLOPES AND LANDSLIDE HAZARD AREAS
All drainage systems on or near steep slopes or landslide hazard areas must be approved by the
DDES Geologist.

Steep slopes and landslide hazardareas can be very sensitive to water. Storm runoff not properly
controlled can cause erosion, landslides, raveling, and instability. Point discharge is not allowed above or
onto these areas. Dispersion and infiltrationmay be allowed if installed according to the requirementsin
Section C.2.

If dispersion or infiltration is not feasible, a tightline conveyance system may be constructed to convey the
runoff to a stable discharge point with adequateenergydissipation.13This tightline system shall be
approved by a geotechnical engineer or geologist. The tighdine shall conform to the materials and design
requirementsof Section 4.2 of the Surface Water Design Manual.

Tightlines areengineered systems that typically requiredesign by a professional engineer registered in the
State of Washington as described in Section 4.2.2.1 of the Surface Water Design Manual. For simple
downspout installations serving one lot, DDES engineering and/or geotechnical staff may provide a
standardized design if it is determinedthat the standardizedtightline and energy dissipation system is
appropriate.

Note: For most small sites with less than IO,O00square feet of impervious surface, the tightline system
can be constructed using 6-inch diameter SWPE with a standard ouOCall.See Figure 4.2.2.D of the Surface
Water Design Manual for an example tightline ou_fall.

C.4.4 EROSION HAZARD AREAS

Vegetation removal and grading make erosion hazardareasprone to erosion and sediment transportupon.
Point discharge of stormwaterrunoffcan cause erosion on well-vegetated slopes. Small sites determined to
drainto these areasmust provide appropriateflow control measures as described in Section C.2 (13.C-7),
and will be conditioned for strict ESC measures as well as require a Sensitive Area Notice on Title. If
flow control and erosion and sedimentcontrol can not be adequately address by the BMPs in this
appendix, DDES may require a professional engineer registered in the State of Washington to provide a
site-specific construction sequence and site improvement and erosion control plans.

C.4.5 CHANNEL MIGRATION HAZARD AREAS

Sites located in Channel MigrationHazard Areas must meet the regulations in KCC 21A.24.

C.4.6 WATER FROM PIPE/DITCH THAT IS 12 INCHES OR MORE IN
SIZE/DEPTH

Small site projects proposing to construct or modify a drainagesystem that collects or concentrates water
from a pipe/ditch that is 12 inches or more in size/depth or that receives surface water from a pipe/ditch
thatis 12 inches or more in size/depth, must submit engineering plans meeting the requirements outlined
for Targeted Drainage Review Category #2 (Table 1.1.2.A in Chapter 1 of the Surface Water Design
Manual).

Driveway culverts less than 25 feet in length that match downstream and upstream culvert sizes may not
have to provide engineering plans if approved by DDES engineering staff.

13 Thelocationoftheouffallmustbeor=siteordrainageeasement(s)mustbeprovided,thedownstreamsystemmustbe
determinedadequate,andthepipeinstallationandoutfallmustmeetallsensitiveareasrequirements.
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SECTIONC.4 TARGETEDREVIEWFORSMALLSITES

C.4.7 AREA WITH ADOPTED AREA-SPECIFIC DRAINAGE
REQUIREMENTS
Projects located in areas with adopted area-specific drainage requirements TM (e.g., adopted Basin Plan area,
Community Plan area, or Critical Drainage Area), and that meet the threshold(s) for requiring engineering
analysis must submit a technical information report (TIR) and engineering plans meeting the requirements
outlined for Targeted Drainage Review Project Category #1 (Table 1.1.2.A in Chapter 1 of the Surface
Water Design Manual).

Whether or not engineering analysis is required must be assessed on an individual basis for specific
information needed for drainage review. DDES engineering review staff will make this determination
after formal submittal and review of the project. Projects that do not meet the thresholds for requiring
engineering analysis may be required to demonstrate that thresholds will not be exceeded and to notify the
applicant, contractors, and inspectors of these limitations. If required, a technical information report and
engineering plans must be submitted by a professional engineer registered in the State of Washington and
reviewed and approved by DDES engineering review staff.

14 SeeSurfaceWaterDesignManual,ReferenceSections2 and3forarea-specificdrainagerequirements.
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C.5 SUBMITTAL REQUIREMENTS

Projects in Small Site Drainage Review must meet the requirements for flow control, erosion and sediment
control, and TargetedDrainage Review, if applicable. Small site drainageplansTMarerequiredfor projects
in Small Site Drainage Review and may utilize the short plat plotplan or single family residence site plan
which was submittedwith the application. The location and types of flow control BMPs, and necessary
information to install the BMPs and Targeted Drainage Review requirementsmust be shown on one copy
(site improvementplan), and a second copy must show how ESC BMPs will be used to comply with small
site ESC requirements (ESC plan). If lots are smaller than 22,000 square feet in size, a soils reportmust
also be submittedto determine if infiltrationis required(see Section C.5.4, p. C-37). A writtendrainage
assessment may also be required for some short plat projects.

C.5.1 SHORT PLATS

Proposed short plats that qualify for Small Site Drainage Review must submit small site drainage plans
(site improvement plan, erosion and sediment control plan, and written drainageassessment). Typically,
small site shortplats that do not requireengineering plans or analysis will be asked to complete small site
drainageplans priorto preliminary approval.

For projects requiredto complete engineering plans, small site drainageplans may be submitted in
conjunction with the engineering plans. Projects submitting small site drainageplans after preliminary
approvalshall include a drainageassessment which describes (in narrative)the proposed project, any
changes made after preliminaryapproval, and how the small site BMPs were selected. Any necessary
soils reports and special studies may also be included in the drainage assessment.

The site improvement plan shall clearly show the approximate size and location of houses, driveways,
site improvements (frontage improvements and onsite and offsite road and drainage improvements, if any),
and existing drainagefeatures such as infiltrationtrenches, dispersion trenches, flowpaths, etc. The plan
shall also include necessary standarddetails forproposed improvements (i.e., infiltrationtrenches,
dispersion trenches, driveway culverts, etc.).

The site improvement plan may be preparedfor the expected size and location of future home
construction. However, if at the time of the building permit, the actual home size or location is different, it
may invalidate the approvedsmall site drainageplan. An alternate approach is to prepare the small
site drainage plan for a range of impervious surfaces (roofs, driveways, patios, etc. not to exceed
10,000 square feet total) located within a larger building envelope. The small site drainageplan must
demonstrate that the small site BMPs can be constructed for a home sited anywhere within the identified
building envelope (flowpath lengths and slopes, soils logs, and location of infiltrationfacilities, etc.). It is
the responsibility of the applicant for the proposed single family residence to show in detail how the small
site requirementswill be met.

The erosion and sediment control plan (ESC plan) shall show approximate locations of the proposed
ESC BMPs to be used to prevent sediment from leaving the site. The plan shall include necessary standard
details for constructionof proposed ESC measures.

The writtendrainage assessmenP s shall include a project overview statement (outlining the existing site
conditions and the proposed improvements), a description of the existing drainage features (offsite flows,
ditches, swales, streams,ponding areas, culverts, etc.), and a description of the proposed small site flow
control and ESC BMPs. The drainageassessment should also include a copy of the soils report and any
special studies.

A note conditioning future single family residential permitapprovalon compliance with small site
drainage requirementsshall be recorded with the short plat. The following note shall be recorded for each
undeveloped lot:

_ is Smallsitedrainageplansaretypicallynon-engineeredsiteimprovementplansthatshowthelayoutoftheproposedproject
includingsmallsiteBMPs,clearinglimits,etc.SeeSectionC.5.5(p.C-38)forsmallsitedrainageplanexamples.

16 If engineeringplansarerequired,theinformationrequestedinthewrittendrainageassessmentshouldbeincorporatedin
thetechnicalinformationreport.
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Future residential building permits shall comply with the approved small site drainage plan for this lot.
The approved size and location of runoff control BMPs is indicated on the short plat drainageplans.
Noncompliance with the small site drainagerequirements invalidates drainageapproval for this lot. --
Information on small site drainage requirementsis available fromKing County DDES.

C.5.2 SINGLE FAMII.Y RESIDENTIAL

Single-family residential projects that qualify for Small Site Drainage Review arerequiredto complete
small site drainageplans. However, if an accurate site plan17is submitted with the application, DDES
staff may be able to condition residential permits for flow control anderosion control measures without the
need for the applicant to prepare the drainageplans.

Most of the information requiredfor the small site drainageplan is also requiredfor the residential site
plan (see DDES Bulletin No. 9, "Obtaining a Residential Building Permit"), which may be used as a base
map for the drainageand ESC plans.

C.5.3 PLANS SUBMITTED FOR SMALL SITE DRAINAGE REVIEW
The plan should be drawnon 8½"x 11",8½" x 14", or 11" x 17" paper (see the sample small site drainage
plans in Figure C.5.A through Figure C.5.C) and must include the following information:

Identification (show on both the site improvement planand ESC plan):

• Name, address, and phone numberof applicant

• Scale--use a scale that clearly illustrates drainage features and flow controls (1"=20' is standardscale;
minimum acceptable scale is 1"=50')

• Parcel number

• North arrow

• Dimension of all property lines, easements, and building setback lines

• Street names and existing or proposed property address

• Section, township, and range of proposal.

Building and Site Development Features (show on small site improvement plan only):

• Footprint of all structures(existing and proposed)

• Location of any retaining walls and rockeries (existing and proposed)

• Parking and driveways (existing and proposed)

• Sport courts and any other paved or impervious surfaces (existing and proposed)

• Existing or proposed septic system, including all system components and both primary and reserve
drainfields

• Utility structures (poles, fire hydrants,etc.)

• Existing wells or wells to be abandoned.

Topography (show on both plans):

• Comer elevations of site and individual lots

• Benchmark (a permanentmarkindicating elevation and serving as a reference in the topographic
survey)

• Datum [assumed datum is acceptable in many cases (i.e., fire hydrant base = 100');datum for projects
in or near FEMA floodplain should be NGVD 1929]

17 SiteplansincludeallitemsspecifiedinSectionC.5.3,exceptforflowcontrolanderosion/sedimentcontrolBMPs.
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C.5.4--SOILSREPORT

• If Over 15% slope: show 5-foot contours, top of slope, toe of slope, and any erosion or landslide areas.

Sensitive Areas mad Dr_aage Features (show on both the site improvement plan and ESC plan):

• All streams, wetlands, lakes, closed depressions, or other water features (including any required buffer
widths)

• Location of all steep slopes, landslide hazard areas, coalmine hazard areas, and their buffers and
building setback lines

• Location of all drainage easements

• Location of all existing and proposed ditches, swales, pipes, etc.

• Location of all sensitive areas as shown on any recorded Sensitive Areas Notice on Title (SANqD.

Proposed Flow Control (show on small site improvement plan only):

• Type and location of flow control systems that will serve impervious surfaces (dispersion, sheet flow
dispersion, infiltration, etc.) "

• Location of any vegetated flowpaths or buffers required for flow control systems

• Setback lengths between flow control systems and any property line, structure, steep slope, stream,
wetland, or septic system.

• Proposed Erosion madSediment Control (show on small site ESC plan only):

• Delineation of proposed clearing limits

• Type and location of erosion control facilities

• Location of any significant offsite drainage features within 200 feet of the discharge point(s) for the
lot, including streams, lakes, roadside ditches.

Written Drainage Assessment:

• Narrativedescription of proposed project

• Any proposed changes afterpreliminaryapproval

• Description of proposed small site BMPs shown on the plans

• Any necessary special studies or soils reports.

C.5.4 SOII.S REPORT

A soils report is required forall proposed or existing lots less than 22,000 square feet. Soils reportsare
also requiredfor larger lots proposing infiltration systems.

The soils reportmust include at least one soils log for each proposed infiltration trench location, Each log
shall be a minimum of 4 feet deep (6 feet for drywells). The report shall describe the SCS series of the soil
andthe textural class of each horizon through the depth of the log, and it shall include notes of any
evidence of a high groundwatertable, such as mottling. Soils reports must be preparedby an onsite
sewage system designer or by another suitably trained person working under the supervision of a
professional engineer.

Note: A soils report produced for siting and design of an onsite sewage system may also be used to satisfy
this soils report requirement, provided that the depth of the soil log(s) is at least 4feet, the depth to
seasonal high water table is determined, and the location of the soil logs is adequate to determine the
feasibility of the infiltration system.
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SECTIONC.5 SUBMrFrALREQUIREMENTS

C.5.5 SAMPLE SMALL SITE DRAINAGE PLANS

Small site drainage plans are a simplified form of the drainageplans requiredby the Surface Water
Design Manual, and they can be preparedby a non-engineer from a set of pre-engineered design details.
They include a small site improvement plan, a small site ESC plan, and a written drainage assessment
(if required).

C.5.5.1 SMALL SITE SHORT PLAT DRAINAGE PLANS

The purpose of this section is to illustratethe application of small site drainagerequirements to a 2-lot
short plat. The site improvementplan is presented in Figure C.5.A (p. C-40), and the written drainage
assessment is as follows:

Drainage Assessment
John Smith Short Plat
KC Permit #L98S7160

A 15,000-squarefoot parcel will be divided into 2 lots. The parcel is currentlypasture with eleven 12-
inch diameterand largertrees. The site is sloped to the northeastto the roadside ditch of Y Avenue.
The roadside ditch appearsto drainnortherlyaway from the property. The neighboring propertyhas
two 12-inch driveway culverts. The ditch then entersa 12-inch drainage pipe under Pine Street at the
intersection with Y Avenue. A Level 1 downstreamanalysis was prepared for the permit application
and is attached.

The preliminaryapproved site plan has been used to prepare the small site drainageplans. The
proposed lots will each be 7500 squarefeet. It is estimated that each lot will contain a 2500-square-
foot house/garage with a 400-square-foot driveway. The total amount of impervious areaproposed
will be approximately 6,000 square feet, which is less than the 10,000-square-foot limit for small sites
drainagereview. Engineering plans for Targeted Drainage Review are being prepared by DWCH
Engineering for frontage improvements along X Street.There are no sensitive areas or existing
drainage systems on the site.

The lots axe less than 22,000 square feet and infiltration is feasible. According to the soils analysis by
CCC Septic Design and Construction (report attached), the soils on both lots arecoarse sands and
cobbles, and axesuitable for use of downspout infiltrationfacifities. The driveways will sheet flow to a
slot drain and be tightlined to the infiltrationtrenches. A catch basin with a down-turned elbow will
be installed to provide spill control for driveway areas. A total of 20 feet of trench will be required for
eachI000squarefeetofroofareaanddriveway.Thetotaltrenchlengthrequiredfor3000squarefeet
willbe3.0x 20,or60 feetoftrench.Thetrenchwillfitwellinthebackyard,assketchedinthe
attachedfigure(referstoFigureC.5.A,p.C-40).

Any overflowfromtheinfiltrationtrencheswilloverflowthroughlawntowardsX Street.Thereareno
downstream structuresor features that will be impacted by overflow. The lots and the adjacent
properties areserved by public sewers. No impact to any onsite sewage disposal system is expected.

This short plat is a simple division of propertywith no proposed or required onsite improvements. No
clearing or grading is proposed to be done during the short plat process. The ESC plan for lot
construction uses silt fencing around the downslope side of the building sites. Clearing and site
disturbance should be minimized duringconstruction,and cover measures will be used as needed to
minimize exposed soils.

The final recording documents will include a statement that the approved small site drainageplan will
be used for any future building permits or other site alterations.

9/1/98 SmallSiteDrainageRequirements
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C.5.5mSAMPLESMALL SITEDRAINAGE PLANS

C.5.5.2 SMALL SITE RESIDENTIAL DRAINAGE PLAN

The purpose of this section is to illustrate the application of small site clrainagerequirements to a house
being built on an existing lot. The site improvementplan is presented in Figure C.5.B (p. C-41) and the
ESC plan in Figure C.5.C (p. C-42). The writtendrainage assessment is as follows:

Drainage Assessment
John and Sally Applicant Residence
12345 NE Steep Slope Road
Permit # B98R7184

The project is located east of Duvall on a 1.69-acre lot. The lot is forested with a pond and wetland at
the base of a 35-40% slope on the east side of the property.The site slopes northerlytowards the
street. The slope on the west side of the propertyis 14-18%. Approximately, two-thirds of the site
(the southern portion) will be cleared. Trees and other native vegetation will be left intact along the
northernedge, near the street. Neither the wetland/buffer northe slopes (except for driveway

• construction) will be disturbed. The driveway will traversethe more moderate slope with the
proposed house approximately 100 feet from the top of the slope. The driveway will be
approximately 10 feet by 180 feet (1,800 square feet) of impervioussurfaces, the parking area 1,300
square feet, and the house 3,750 squarefeet. The total proposed impervious surface is 6,850 square
feet, which falls within the limits for Small Site Drainage Review.

All stormwaterflows will be dispersedthrough vegetation. To avoid saturatingsoils near the
foundation of the house, roof runoff will be directed towards vegetated flowpaths via downspout
extensions. An onsite mound septic system is proposed. All small site drainage facilities will be
located downgradient of the septic tankand dramfields.

The upper portion of the driveway is relativelyflat. Therefore, runoff from this areacan simply be
allowed to sheet flow to the west side towards the existing swale and away from steeper slopes. The
lower portion of the driveway is fairly steep. Runoff will be collected using small berms that will
direct runoff to dispersion trenches with a 25-foot vegetated flowpath. This will prevent concentration
of the runoff onto the slopes and will prevent water from running out of the driveway and into the
street.

In order to prevent erosion and trap sediments within the projectsite, the following BMPs will be used
approximately as shown on the ESC plan:

* Clearing limits will be markedby fencing or other means on the ground.

• The driveway will be constructed and graveled immediately. Dispersion trenches shall be placed
according to flow control requirements. Areas accepting sheet flow from the driveway and
parking area(that arenot being left in native vegetation) will be seeded and mulched.

• Water will not be allowed to point discharge onto the slopes. A rock-lined ditch will intercept and
direct water from the steeper portions of the driveway down to the dispersal trench at the bottom
of the slope.

• Silt fencing will be placed along slope contours at the limits of clearing in the vicinity of both the
wetland and the slopes.

• A rocked constructionentrance will be placed at the end of the driveway.

• Mulch will be spreadover all cleared areas of the site when they are not being Worked. Mulch
will consist of air-dried straw and chipped site vegetation.

SmallSiteDrainageRequirements 9/I/98
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SECTIONC.2 FLOW CONTROLBMPs

I FIGURE C.5.A SHORT PLAT SMALL SITE IMPROVEMENT PLAN JI
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C.1.5---WHAT HAPPENS DURING DRAINAGE REVIEW?

I
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SECTION C.2 FLOW CONTROL BMPs

I FIGURE C.5.C SMALL SITE EROSION AND SEDIMENT CONTROL PLAN II
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C.5.6--PLAN CHANGES

C.5.6 PLAN CHANGES

Approval of small site drainage plans is based on the specific proposed project. Changes to the
project (additional impervious surface or clearing, right-of-way improvements) may require additional
review by DDES engineering staff, or they may initiate lull Drainage Review, where a professional
engineer registered in the State of Washington must analyze the project and submit engineering plans.
This will add additional review time and expense to the review process.

Changes proposed prior to permit issuance shall be submitted through the standard revision process for the
type of application.

Changes proposed after permit issuance (during construction) shall be submitted through the DDES site
inspector. Proposed changes shall not be implemented prior to DDES engineering approval. Changes
performed without engineering approval may be subject to Stop Work notices and accompanying fees and
reviews.

Small Site DrainageRequirements 9/1/98
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

KING COUNTY, WASHINGTON
SURFACE WATER DESIGN MANUAL

SMALL SITE
REFERENCE SECTION
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B Summaryof OnsiteSewage SystemRequirements

C SmallSite DrainageReviewAssessment/Requirements
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL APPENDIX C

REFERENCE SECTION A

•EXAMPLE
NATIVE GROWTH RETENTION AREA
COVENANT

IN CONSIDERATION OF the approved King County residential building permit for

application No. relating to real property legally described as follows:

The undersigned as Grantor(s), declares that the above described property is

hereby established as a native growth retention area for the purpose of dispersing and

treating stormwater flows and is subject to restrictions applying to vegetation removal

in all designated areas shown in Attachment A, and hereby covenants and agrees as

follows:

1) Any alterations to sensitive areas and their buffers shall be pursuant to King

County Code 21.A.24.

2) The remaining property outside of the sensitive areas and their buffers,

residences, roadways, drainage facilities, drainfield areas, lawns and pastures

shall be maintained in a forested condition. The following activities are

allowed:

a) On slopes which have been disturbed by human activity or infested by

noxious weeds, replacement with appropriate native species or other

appropriate vegetation.

b) Construction of private trails, provided that they are guided by construction

and maintenance standards in the US Forest Service "Trails Management

Handbook" (FSH 2309.18, June 1987, as amended) and "Standard

Specifications for Construction of Trails" (EM-7720-102, June 1984, as

amended); but in no case shall trails be constructed of concrete, asphalt or

SmallSiteDrainageRequirements 1 AR 032535 911198



KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

other impervious surface which would contribute to surface water runoff

unless such construction is necessary for soil stabilization or soil erosion -

prevention. _

c) Limited trimming and pruning of vegetation for the creation and maintenance

of views per 21.A.24310.D.4.

d) Replacement of individual trees with native trees on a limited basis. Forested

hydrologic conditions and soil stability shall be maintained.

This easement/restriction is binding upon the GRANTOR(s), its heirs, successors and

assigns unless or until a new drainage or site plan is reviewed and approved by the

Department of Development and Environmental Services or its successor.

GRANTOR

GRANTOR

STATE OF WASHINGTON )

COUNTY OF KING ) ss.

On this date, personally appeared before me:

, to me known to be

the individual(s) described in and who executed the within and foregoing instrument and acknowledged that they
signed the same as their free and voluntary act and deed, for the uses and purposes therein stated.

Given under my hand and official seal this day of
,199

NOTARY PUBLIC inand for the State of

Washington, residing at
My Commission Expires:

9/I/98 SmallSiteDrainageRequirements
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

REFERENCE B

SUMMARY OF ON-SITE SEWAGE SYSTEM REQUIREMENTS
AUGUST 1997

This section is for reference only. The Seattle-King County Department of Public Health (SKCDPH) has
responsibility for the review and approval of septic designs. The purpose of this section is to summarize on-site
sewage requirements that may effect small site drainage facilities and requirements. The most likely sections of on-
site sewage regulations that may effect small sites drainage are soils report requirements, soil conditions/requirements,
vertical separation requirements, and setback requirements. This section is not meant to serve as a complete guide for
designing an on-site sewage system, but rather is meant to alert the applicant to potential conflicts. With few
exceptions, a licensed on-site sewage system designer must be retained to design any on-site sewage disposal
system. DDES may require that a licensed designer be retained to evaluate compatibility between the on-site sewage
disposal system and any small site drainage facilities.

Complete text of regulations for on-site sewage systems can be found in Title 13 of the King County Code. Additional
information on on-site sewage system regulations is available by calling the Seattle/King County Department of
Public Health, Environmental Health Division, at (206) 296-4722.

Soil Report Requirements

A log of the soil must be submitted as part of the application for design approval. It shall show soils types
encountered in the drainfield and reserve area, at least two (2) to three (3) feet below the level of the bottom of the

proposed drainfield trench, or a minimum of four (4) feet below final grade, whichever is deeper. The log must
describe soil type and depth of each type. Classification may be in general terms such as loose sand, cemented sand,
sandy silt, silt clay, silt, clay hardpan, claypan, rock, etc., or classification may be in specific terms such "Alderwood
gravely sandy loam" or "Buckley silt loam" as described in the United States Department of Agriculture Soil
Conservation Service Soil Survey. Any evidence of seasonal water table must be noted and described. Sieve tests or
percolation tests may be required by the health officer in cases where identification of soil types is in question.

Soil logs for single-family dwellings must be made from four (4) or more test holes located in representative parts of
the drainfield and reserve area, and must be separated by at least twenty feet (20'). Holes must be a minimum of
twenty-four inches (24") in diameter for the observer to obtain representative samples from the soil profile and
determine color, texture, structure, and, in addition, elevation of water table if it is encountered. This requirement
may be waived by the health officer in those soils where the color, structure, texture, and elevation of water table can
clearly be seen with a smaller diameter soil log.

NOTE: A soils report produced for the purpose of siting and designing of an on-site sewage system also may be used

to satisfy the soils report requirement for small sites drainage requirements provided that the depth of the
soil logs is at least four (4) feet.

Allowable Soils/Depths to Groundwater

The minimum allowable vertical separation between a septic drainfield and any impervious layer or the water table
depends on the soil type and on the size of the lot as listed in the table below. A minimum of eighteen (18) inches of
original permeable soil is required above any seasonal high water table or impervious layer of soils on all sites to be
considered for on-site sewage disposal systems.

Where marginal soil conditions exist, a soil study may need to be pertormed with a health officer present. The health
officer will direct the amount of investigation and the number of percolation tests and soil logs necessary to determine
representative conditions.
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Vertical Separation Between Drainfields

and Impervious Layer or Water Table (l) (2)

Soil Texture Type (3) Minimum Lot Size (4) Gravity Pressure
Distribution _5)

Soil Texture Type 1 (6) 1/2 acre n/a n/a
coarse sands or coarser ! acre 3' (48") 2' (30")

Soil Texture Type 2 12,500 sf 3' (48") 2' (30")
medium-fine sand 1 acre 2' (36")

Soil Texture Type 3 15,000 sf 3' (48") 2' (30")

loamy sand 1 acre 2' (36")
Soil Texture Type 4 18,000 sf 3' (48") 2' (30")

sandy loam, loam 1 acre 2' (36")
Soil Texture Type 5 (7) 20,000 sf n/a nla
porous well-developed
structure in silt and silt
Ioams

Notes for Soil Type Table:
(1) The vertical separation requirements for on-site systems using mounds or sand filters is partially met through

design features. These systems must have a minimum original permeable soils depth of eighteen (18) inches.
(2) The number in parentheses indicate the minimum original permeable soil necessary to meet the required vertical

separation.
(3) soils which are classed as excessively permeable, regardless of texture type, must meet all the requirements of soil

texture type 1.
(4) Minimum lot size requirements are based on soil texture type per unit volume of sewage (450 gallons per day) or

single family residence.
(5) The minimum vertical separation requirement for one acre lots using on-site systems with pressure distribution can

be met by installing the trenches in the top nine (9) inches of soil with a twenty-one (21) inch minimum vertical
separation or by installing in the top six (6) inches of soil with a minimum of twenty-four (24) inch separation.

(6) Lots with soil texture type ! (and other excessively permeable soils) and which have 1/2 acre or less lot size, must
be developed with an alternative on-site sewage system which provides a degree of treatment to the sewage equal
to or greater than the treatment provided by a mound or sandfilter.

(7) On-site systems in soil texture type 5 soils must consist of a mound system, sand filter, or equivalent.

Downeradient Setbacks

The table below contains approximate required setbacks between on-site sewage disposal systems and various types
of site features. These setbacks may be increased or decreased at the discretion of the health officer.

Type of Feature Minimum Setbacks:

Septic Tank (I) Drainfield Building Drain,
Building Sewer and

Pump Lines
Surface Water (2) 50' (3) (4) 100' (3) (4) (5)

Seasonal Water 5' (4) 30' (3) (4)
Potable Water Source:

private well I00' 100' 50' or 100'

public well 100' 100' 100'

sprin_s 200' (6) 200' (6) 200' (6)
Property 5' 10' (7) (8) --
Lines/Easement Lines

Building Foundations 5' 10' --

9/1/98 Small Site Drainage Requirements
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Setback Table (continued)

Type of Feature Minimum Setbacks:

Septic Tank (1) Drainfield Building Drain,
Building Sewer and

Pump Lines
Septic Tanks (I) -- 5' --
Water Line !0' 10' I0'

Interceptor Drains
Curtain Drains Footing
Drains (9):

level or upslope from -- 10' --
system

downslope from system 5' 30' --
Cuts or Banks:

less than 5' vertical -- 15' + height of bank --
height
greater than 5' -- 15' + height of bank --
vertical height with with minimum setback
minimum of 5' of of 25' (10)

original,
undisturbed soil
above restrictive

layer or layer due
to a structural
chance

greater than 5' in -- 15' + height of bank --
vertical height with with minimum setback
less than 5' of of 50' (I0)
original,
undisturbed soil
above restrictive

layer or layer due
to a structural or

textural change
and that layer is
intersected

Notes for Setback Table:

(1) Setbacks apply to dosing tanks.
(2) With excessively permeable soils or other sites where conditions indicate a greater potential tot ground or surface

water contamination or pollution, the distance from any water supply or surface water may be increased by the
health officer.

(3) This separation cannot be reduced by culverting of streams without written approval from King County Surface
Water Management Division, but in no case shall this separation be less than fifteen (15) feet.

(4) Setback measured from ordinary high-water mark of surface water. Greater setback may be required to prevent
pollution provided health officer must give reasons for greater setback to applicant in writing.

(5) A reduced setback can be allowed by the health officer if it can be demonstrated that the reduction will not have an
adverse effect. However, in no case shall the setback be less than seventy-five (75) feet.

(6) Setbacks from private springs utilized as a source of drinking water shall comply with Section 13.28-070C 1 of
King County Code.

(7) May be reduced five (5) feet by the health officer in repairs to existing systems and in setbacks to easements where
it can be demonstrated that the reduction will not have an adverse effect.

(8) This distance can be increased to thirty (30) feet by the health officer where cuts on neighboring property may
effect the system.

(9) Based on relative elevation of bottom of drainfield trench and bottom of interceptor/curtain drain.
(10) Need not exceed one-hundred (100) feet.
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Reference Section C: Small Site Drainage Review Assessment/Requirements
This table is a flow chartto helpassessifa projectis eligiblefor smallsites reviewand if so

whatspecifictargetedand/orsmallsitesinformationmustbe submitted.

Question Question YES NO
#

1 Does the projectmeet (a) Determinethe required The projectdoes not need
thresholdrequiring informationbyanswering to meet theSurface Water
drainagereview? EACH of the following DesignManual

questionsand providing requirements.No
the requestedinformation, informationis requiredto

be submitted.
2 Does the projectpropose A Full Drainage Review Go to nextquestion.

to add >10,000 SF of new is required.Engineering
impervioussurfaceor >2 planssignedand
acresof clearing? stampedby a

professionalengineer
registeredinthe State of
Washingtonare required.
(Project not eligible for
"Small Site Drainage
Review.)

3 Is thesite beingdeveloped See NativeGrowthOpen- Go to next question.'
greaterthan 2 acres in Space BMP requirements
size? of thisappendix.

4 Is there (a) drainage Go to nextquestion. Skipto question8.
feature(s)on site (stream,
lake, wetland,drainage
swale,closeddepression?

5 Does the projectcontainor Go to nextquestion The floodplain/elevation
abut a lake, streamor willneed to be determined
wetlandwithinthe FEMA by a PE or other
floodplainand/orzero-rise authorizedagency. Go to
floodplainarea AND are nextquestion.
there predeterminedbase
flood elevationsfor the
buildingsite?

6 Is the sitecompatiblewith DDES will requirean The projectwillneed to be
the (pre)determinedbase ElevationCertificateand a evaluatedby a PE with
flood elevations? SensitiveArea Noticeon respectto the determined

Title (SANT). Go to next elevation.A SANT and
question. ElevationCertificatewillbe

required. Go to next
question.
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Reference Section C: Small Site Drainage Review Assessment�Requirements
This table is a flow chartto helpassessifa projectis eligiblefor smallsitesreviewand if so

what specifictargeted and/orsmallsitesinformationmust be submitted,

Question Question YES NO _
#

7 Does the site contain or DDES may condition the APE must assess the site
abut a stream, lake, permit for elevation and per the SWDM minor
wetland or closed require a SANT. (Note: floodplain and/or closed
depression outside of the sites which meet this depression requirements.
FEMA floodplain and zero- threshold may not be A SANT will be required,
rise floodplain areas AND allowed this exemption if go to next question.
is the building site >10 feet there is information or
above the ordinary high additional knowledge that
water mark for the stream, shows this exemption to
lake or wetland or >2 feet be inadequate for flood
above the downstream protection. Go to next
overflow for the stream, question.
lake, wetland or closed
depression?

8 Is the site located in a Site must meet channel Go to next question.
channel migration hazard migration hazard area
area? requirements. A SANT

willbe required. Go to o,
next question.

9 Doesthe site containan DDES will requirea SANT Go to next question.
ErosionHazardArea? and erosionhazard area

controlconditions.Go to
next question.

10 Does the sitecontainor The projectmustbe Go to next question.
abut steepslopes? approvedby theDDES

geologist. The project
may be requiredto
providea geotechnical
analysis.The projectmust
meetall geotechnical
requirementsanda SANT
willbe required. Go to
nextquestion.

11 Does thesite containor The projectmustbe Go to nextquestion.
abut a LandslideHazard approvedbythe DDES
Area? geologist.The project

maybe requiredto
_rovidea geotechnical
analysis.The projectmust
meetall geotechnical
requirementsand a SANT
willbe required. Go to
next question.
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Reference Section C: Small Site Drainage Review Assessment/Requirements
This table is a flow chartto helpassessifa projectis eligiblefor smallsites reviewand if so

what specifictargetedand/orsmallsitesinformationmustbe submitted.

Question Question YES NO
#

12 Is the site locatedin a The projectmust meet the Go to nextquestion.
basinplanningarea, specifieddrainagerelated
communityplanningarea, design requirements.
criticaldrainagearea Engineeringplanssigned
(CDA), or inan area with and stampedby a PE
otheradopteddrainage registeredinthe State of
relatedrequirementsAND Washingtonmay be
doesthe projectexceed required. The drainage
the minimumthresholds designmustbe basedon
for thesedrainage the mostrestrictiveof the
requirements? designrequirements.

13 Is the projectproposingto Engineeringplanssigned Go to nextquestion.
constructor modifya and stampedby a PE
drainagepipeor ditchthat registeredin the Stateof
is >= 12 inchesin Washingtonare required.
diameter/depthor doesthe
projectreceivesurfaceand
stormwater runofffrom a
drainagepipeorditchthat
is>= 12 inchesin
diameter/depth?

14 Are thereany other Engineeringanalysisbya Go to nextquestion.
stormwaterrunoff/drainage ProfessionalEngineer
features on site (swales, may be required. DDES
ditches...)whichmay staff willneedto assess
impactthe proposed features. Go to next
projector downstream question.
propertiesor be impacted
by the project

15 Have stormwaterrunoff DDES willconditionand Go to nextquestion.
controlandwater quality approvethe drainage
requirementsbeen portionof the permit
addressedthrougha TIR based on theTIR andany
due to oneof the above other requirements
requirements? determinedduringthe

review process.
16 Is infiltrationrequired?(lot DDES willconditionand Go to nextquestion.

is lessthan 22,000 SF with approvethedrainage
suitablesoils)or is portionof the permitfor
infiltrationdesired(lotis infiltrationandfor any
greaterthan 22,000 SF other requirements
withsuitablesoils) determinedduringthe

reviewprocess.
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Reference Section C: Small Site Drainage Review Assessment/Requirements
This table is a flow chartto helpassessif a projectis eligiblefor smallsites reviewand if so

what specifictargeted and/orsmallsitesinformationmustbe submitted.

Question Question YES NO -
#

17 Can stormwater control DDES willconditionand Go to nextquestion.
andwater qualityissuesbe approvethe drainage
addressedwith portionof thepermitfor
splashblocks,dispersion appropriaterunoffcontrol
trenchesand/or sheetflow? and waterquality

measuresand for any
other requirements
determinedduringthe
reviewprocess..

17 Can stormwater runoff DDES willconditionand DDES willcontactthe
and water qualityissuesbe approvethe drainage applicantfor additional
addressedwitha portionof the permitfor informationto determine if
perforatedstuboutand/or perforatedstuboutand/or thereare otheroptionsto
sheefflow? othermeasuresand for addressstormwater and

any other requirements water qualityissues. Go to
determinedduringthe nextquestion.
reviewprocess.

-i8 Can stormwater runoff DDES willconditionand APE mustsubmitan
and waterqualityissuesbe approvethe permitfor engineeringanalysis
addressedby DDES appropriaterunoffand addressingthe concern(s).
reviewstaff? waterqualitymeasures DDES willconditionand _.....

and anyother approve the permitfor _;,
requirementsdetermined appropriaterunoffand --_
duringthe reviewprocess water qualitymeasuresas

determinedby the
engineeringanalysis and
for any other requirements
determinedduring the
reviewprocess.
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