


Addendum

Des Moines Creek Regional Capital Improvement Project
Preliminary Design Report

November 1, 1999

Prepared for

Des Moines Creek Basin Committee

Tim Heydon,City ofDes Moines
Tom Hubbard,Portof Seattle
David Masters,King County

Don Monaghan,City of SeaTac
LorenReinhold,City of Des Moines

Prepared by

King County Capital Improvement Project Design Team

Approved by

Don Althauser, P.E.

AR 041946



Table of Contents
Page

Executive Summary ................................................................................................................ 1

Introduction ............................................................................................................... 3

Methods .......................................................................................................................... 5

Assumptions ....................................................................................................................... 6

Results ...................................................................................................................................... 8
Hydrologic Evaluation .......................................................................................................... 8
Typical Water Year............................................................................................................. 29
Storm Events ....................................................................................................................... 33
Swanson Site Observations ................................................................................................. 36

Conclusions ............................................................................................................................. 37

Recommendations ................................................................................................................ 41

List of Figures

Figure 1 Average Wet Season Inundation Areas (October--March) .................................... I I
Figure 2 Average Dry Season Inundation Areas (April--September) ................................... 13
Figure 3 Current and Proposed Flood Inundation Areas (l-year) .......................................... 15
Figure 4 Current and Proposed Open Water Areas (I-year) .................................................. 17
Figure 5 Section A - A' through Northwest Ponds ................................................................ 19
Figure 6 Section B - B' through Approach Light Cell ........................................................... 21
Figure 7 Current and Proposed Flood Inundation Areas (10=year)........................................ 23
Figure 8 Current and Proposed Flood Inundation Areas (25-year) ........................................ 25
Figure 9 Current and Proposed Flood Inundation Areas (100-year) ...................................... 27
Figure l0 1995 Mean Daily Water Surface Areas, Northwest Ponds, Typical Water Year ...30
Figure I I Stage=Area Graph for I.O1=Year Event at Northwest Ponds .................................. 31
Figure 12 Stage-Area Graph for 2-Year Event at Northwest Ponds ....................................... 32
Figure 13 1995 Mean Daily Discharge, Northwest Ponds, Typical Water Year .................... 34
Figure 14 1995 Mean Daily Water Surface Elevations, Typical Water Year ......................... 35
Figure 15 Tyee Golf Course Winter Flood Events .................................................................. 39

Addendum iii

AR 041947



Executive Summary

The Des Moines Creek Regional Capital Improvement Projects Preliminary Design Reporz
presents three alternatives for a Regional P,J,=tentiotvrDetentionFacility ('Regional RfD
Facility) to be sited north of South 200thStreet at the "l'yee Golf Course. After reviewing the
Preliminary Design Report, the Des Moin¢s Basin Committee recommended the selection of
the Alternative 2 design option, provided that the design could demonstrate floodplain
areas--"open water areas"--that do not attr'aet more birds of species threatening to airplane
flight. The Design Team then analyzed the existing conditions at Northwest Ponds and the
Alternative 2 Regional ILtDFacility. They found that the amount of open water would
decrease with the proposed facility for all studied seasons and storm events. In addition, the
recommended mitigation actions would further minimi_¢ open water under all conditions,
thereby decreasing the attraction of aircraft-threatening wildlife to the proposed R/D Facility.
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Introduction

To stabilize the flow regime and reduce the channel erosion rate in Des Moines Creek, the
Des Moines Creek Basin Commiuec recommended, and the affected elected bodies

endorsed, implementing a combination of watershed improvements, described in the 1997
Des Moines Creek Basin Plan. One of the improvements is a Regional Retention/Detention
Facility ('Regional R/D Facility) to be sited north of South 200 a'Street at the Tyee Golf
Course. The Des Moines Creek Regional Capital lmprovement Projects Prelimina_. Design
Report discusses and evaluates three impoundment alternatives for the Regional R/D Facility.

After reviewing the Preliminary Design Report, the Des Moines Basin Committee
recommended the selection of the Alternative 2 design option, with the provision that the
design demonstrates floodplain areas---"open water areas"---that do not attract more birds of
species threatening to airplane flight.

The concern with wildlife attraction and bird strikes to air traffic was presented during the
initial scoping process for the design of the R/D Facility. The extended detention (in excess
of 24 hours) of surface water in open ponds required for R/D performance can attract
wildlife, particularly bird species such as Canada geese that can pose a threat to aircraft. The
Port of Seattle highlighted the issue in a letter dated October 20, 1998:

The Port has adopted FAA Advisory Circular 150/5200-33, "Hazardous Wildlife
Attractants on or Near Airports." These standards apply to stormwater facilities
located within 10,000 feet of the airport. In general, the FAA guidance calls for
detention structure designs that minirni_e the area of open surface water and minimize
wet soil conditions at the base of the pond that could attract hazardous wildlife. The
circular also requires the avoidance of vegetation in and around the detention facility
that could potentially provide food or cover for hazardous wildlife. In addition, the
Port is requiring that all new stormwater facilities be designed to limit the duration of
open water to limit wildlife attraction. The Port is evaluating the allowable duration
of standing water in detention ponds. This evaluation requires the use of a continuous
simulation model such as HSPF to conduct the statistical analysis. Any portion of the
detention pond that retains water would be required to be covered by a net, solid
cover, vault, or other permanent structure.

Follow-up correspondence between the Port and CH2.M HILL described further the concern
for the length of time standing water is present at an R/D facility:

To minimize the frequency and duration of open water to acceptable levels, water that
is detained by the 2-year design storm should completely drain or fall to a level that is
covered by a net or solid cover within 24 hours of the end of the storm event. This
would minimize hazards associated with wildlife attraction to stormwater detention
ponds. (1-20-1999)

On the basis of this information and correspondence with Port of Seattle staff and their
consultant, Parametrix, the Project Design Team has analyzed the wildlife attraction hazard
of the proposed R/D Facility. In the interest of cost efficiency, and because of the complex
nature of the wetland at Northwest Ponds and the hydrologic performance of the Regional
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DES MOINES CREEK REGIONAL CAPITAL IMPROVEMENT PROJ'ECYS

R/D Facility, the analysis of the wildlife attraction issue was delayed until the Basin
Committee had chosen a recommended R/D Facility design alternative.

This addendum to the Preliminary Design Report analyzes the wildlife attraction issue by
examining the open water area of Northwest Ponds under current conditions and the open
water area of the Alternative 2 R/D Facility for seasonal flow, annual flow, and 1O-year, 25-
year, and 100- year return intervals. This report also proposes strategies directly mitigating
the attraction of wildlife.
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Methods

Bird strikes at Seattle-Tacoma International Airport (STIA) are a concern when open water is

presentfor extendedperiods,attractingbirds that presenta threatto aircraft. The Design
Team analyzed the occurrence of open water for the full range of water impoundment events,
from low flow conditions up to the 100-year return interval. This analysis is based on the
Alternative 2 design with additional topographic changes that were not incorporated in the

preliminary design: the Cell 3 flU area will not be removed by this project, and Cell I and 2
ground surface base elevations have been raised I to 2 feet to reduce additional open water.

Three analyses were performed to evaluate the frequency and duration of open water at the
Regional RID Facility in the Northwest Pond wetlands and eastward to the STIA Approach
Light Road:

• Hydrologic Evaluation: Stormwater flows were analyzed using data from the
Hydrological Simulation Program---Fortran (HSPF) models conducted for the
Preliminary Design Report. Inundation area was detramined to compare existing
conditions to Alternative 2 for Wet Season, Dry Season, 1-year, 10-year, 25-year, and

100-year flow events. This comparison included pond elevation, surface area, open water
area, and duration assessment.

The hydrologic modeling of current conditions in Des Moines Creek was calibrated to
monitoring records of flow at the mouth and on the East Fork upsl_eana of Tyee Pond. In
addition, field topography and flood photographs were used to delineate floodplain area.
The results were recorded on topographic maps for comparison of the floodplain under

existing conditions and the proposed performance of Alternative 2 R/D facility.

• Typical Water Year: HSPF hydrographs of conditions at the Regional R/D Facility were
analyzed based on a typical water year.

• Storm Events: HSPF hydrographs of specific storm events (1-year and 2-year events)
were analyzed.

To learn more about other wetlands created next to airports, the Design Engineer and Senior

Ecologist on the Design Team also visited the recently-constructed Swanson wetland
mitigation site at the Snohomish County Airport (Paine Field.) Paine Field needed to
constructa Runway ImprovementProject to upgradethe main mnway's safety areasand
bring them into compliancewith FAA regulations.This constructionwould impact 1.5acres
of openwater wetland.Regulatory agenciesrequiredthat this wetland be replacedin the
samewatershed.However, all available locationsin the watershedwere within ] 0,000 feet of
the runway,andthe FA.A generally doesnot allow bird-attractinghabitat to be constructed
thisclose.

Partof the solution was to build the Swansonwetland mitigation sitenear the runway. To
limit the bird attraction, the amountof openwater was limited, and wetland vegetation
designedto deterwaterfowl usewasplanted.Although no data from the Swansonsitewas
used in the analysis of the Des Moines Creek R/D Facility, observations of the Swanson
facility complemented the information collected on wildlife attraction solutions.
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Assumptions

When analyzing the Alternative 2 Regional R/D facility for wildlife attraction, the Design
Team made the following assumptions:

• The results of the Hydrological Simulation Program---Fortran (HSPF) modeling
performed for the Preliminary Design Report were used to analyze the impact
Alternative 2 would have on wildlife attraction to the area.

• Cell 3 was eliminated due to uncertainties in obtaining the property. Also, to reduce

additional open water (dead storage) that would attract birds, the depth of excavation in
Cells 1 and 2 was changed from 243 feet to an average of 244.5 feet. These changes
result in about 11% less active storage in Northwest Ponds than was originally modeled.

• The water surface elevations used in the analysis for various events are taken from
the earlier modeling that included Cell 3 excavation and deeper Cells 1 and 2.
However, the tables and figures in this addendum reflect the proposed Regional R/D
Facility withom Cell 3 and with higher ground surface elevations in Cells 1 and 2. For the
purposes of comparing existing floodplain conditions to those proposed under Alternative
2, the approximate 11% change in active storage was not judged significant enough to
warrant rerunning the model at this point. The Design Team feels that this effort and cost
should be reserved for the final design modeling.

• The open water area is the only area that is considered a bird attraction. Open water
areas include emergent wetland, golf course grass areas, and maintenance areas
inundated with water during flood events. Forest and scrub-shrub wetland are not
considered open water and thus would not attract wildlife due to the vegetation canopy
over the water. By these definitions, the areas of grass and emergent wetland between the
Approach Light Road and Northwest Ponds are open water areas when inundated.

• Scrub-shrub vegetation was assumed to be effective in deterring birds, regardless of
the depth of water (see the open area calculations in Table 1, page 9). In reality, some of
the lower 4- to 6-foot tall vegetation near the edge of the open water ponds would be
covered when the water depth reaches an elevation of 249 to 251 feet. These water levels
would not occur unless the rainstorm event is greater than a 2- to 5-year return period.
The Port of Seattle is primarily concerned with the amount and duration of open water
below the 2-year event. Farther away fi'om the ponds, the vegetation should eventually be
tall enough to be exposed even in a 100-year event.

The planting list for the facility is not yet complete, but it will be comprised of species
that are tolerant of the expected water level fluctuations and that do not attract the more
hazardous species of birds which may increase the birdstrike potential--for example, the
community will not include fruit-bearing species or those species that provide nesting or
roosting habitat for raptors and other large bodied b:r_ls. The scrub-shrub community will
also discourage water foul, particularly Canada geese, by eliminating the large open areas
both within and adjacent to open water. To the extent possible, the community will also
mix plant species of varying heights.

6
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ASSUMFTIONS

In large part, the vegetation chosen for the facility will be dependant upon the
fluctuations predicted by the final models. Final decisions on the plant species will be
made in consultation with regulatory agencies, the Port of Seattle, and its consultants.

• Within Northwest Ponds, all excavated areas will be planted with scrub-shrub
vegetation so as not produce additional open water, therefore reducing the attraction of
waterfowl.

• The area between the Approach Light Road ud Northwest Ponds will be planted
with scrub-shrub vegetation, as proposed by the Port of Seattle in the Natural
Resources Mitigation Plan for STIA: Master Plan Update Improvements. However, the
figures in this addendum do not show the scrub-shrub vegetation in this area.
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Results

Hydrologic Evaluation
Analysis of stormwater flows showed that under Alternative 2:

• Open water area would decrease under all conditions analyzed (see Table l and Figures l
through 9). This would be accomplished by lowering the outlet of Northwest Ponas,
making the outlet channel more efficient, and planting the newly excavated areas within
Cells 1 and 2 with scrub-shrub vegetation.

• Graphic measurement of the open water that occurs during annual storm events
demonstrates a reduction in the open water areas commonly occurring around the
perimeter of Northwest Ponds and the adjacent fairways of Tyee Golf Course. Modeling
shows that the duration of the 1-year flood event would increase from approximately 12
to 53 hours, however, the total open water area would be reduced by two-thirds.

• Because of the proposed, more restrictive Northwest Ponds outlet control, during 10-year
and larger events the water elevation in the ponds will rise 3 to 4 feet, increasing the zonal
area inundated in this section (see Figures 7 through 9). Any new bird attraction hazard
w.illbe mitigated by the fact that virtually all of the newly inundated areas will be
covered by either existing forest or the proposed scrub-shrub vegetation.

• During the 2-year and smaller events, the water surface elevation in the Northwest Ponds
will drop significantly due to the lower, more efficient outlet Channel.

• In the excavated areas of Cells 1 and 2 that will be below the new water elevation, the

area inundated will expand, but the excavated areas will also be planted with scrub-shrub
vegetation to deter bird use (see Figures 1 through 4).

• The frequent flooding on the golf course that currently attracts waterfowl would be
eliminated or reduced under all conditions and rainfall events (see Table 1, Figures 3 and
4, and Figures 6 through 9). This will happen because the new channel elevation and
gradient will cause the water to drop about one foot.
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Table 1

Des Moines Regional R/D
Current and Proposed Inundation Areas and Durations

Northwest Ponds
Average duration-- o:

InnundaUonArea rises

Current Proposed Current Proposed Current Proposed Current ProDosed
Event Elevation(ft) TotalArea lacres) OpenArea" (acres) IHours)
1-yr 249.1 245.4 10.3 12.7 7.3 3.3 12 53
10-yr 249.8 253.4 11,7 18.9 7.6 4.0 2.1 4.3
25-yr 249.9 254.0 11.9 21.4 7.6 4.6 2.1 3.0
100-yr 250.1 254.2 12.2 21.9 7.6 4.8 2.0 <1

Approach Light Road
IAverageduration" ol

InnundaUonArea rises

Current Proposed Current Proposed Current Proposed Current Proposed
Event Elevation(ft) TotalArea _acres) Open Area" (acres,) (Hours)
1-yr 249.1 "" 3.0 0.0 3.0 0.0 12 "*"

lO-yr 249.8 248.4 4.1 1.7 4.1 0.0 2.1 4.5
25-yr 249.9 248.9 4.2 2.5 4.2 0.0 2.1 3.2
100-yr 250.1 249.4 4.5 3.2 4.5 0.0 2.0 1.8

Northwest Ponds and Approach Light Road
Current Proposed Current Proposed

Event TotalArea (acres/ OpenArea (acres)
1-yr 13.3 12.7 10.3 3.3

10-yr 15.9 20.7 11.7 4.0
25-yr 16.1 23.9 11.8 4.6

.,100-yr 16.8 25.1 12.1 4.8

"OpenArea = openwater, emergentwetand,grass
(Existingandplannedforestedand scrub-shrubwetlandare notconsideredopen area)

-The durationisthe lengthof timewater is at orabove the statedelevation

***Flowconfinedinchannel

Current- belowNorthwestPondseverythingis open
Proposed- belowNorthwestPondsoutletwill be plantedwithscrub-shrubvegetation

Proposed- inNorthwestPondsallexcavatedarea willbe plantedwith scrub-shrubvegetation
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Figures 1 and 2 show the average wet season (October to March) and average dry season
(April to September) inundation areas for both current and proposed conditions. These
averages were calculated by using HSPF hourly results to compute monthly averages. The
proposed scrub-shrub planting is shown with brown cross-hatching. The cross-hatching
going the opposite direction at the outside of the excavated area depicts the planting on the
berm and cut side-slopes.

Figure 3 shows the current and proposed 1-year inundated areas based on HSPF modeled
water surface elevations. The figure also shows the locations of the cross-sections shown in
Figure 5 (Northwest Ponds) and Figure 6 (Approach Light Road Cell impoundment area):
these figures have exaggerated vertical scales.

The distinction of"open-water area", area considered a waterfowl attraction, is provided in
Figure 4. This graphic when compared to Figure 3, clearly shows the importance of
providing vegetative cover in shallow floodplain areas as a deterrent to water fowl attraction.
Similar to Figure 3, Figure 4 also demonstrates the reduction in shallow flooding that occurs
under existing conditions. These areas are the perimeter of Northwest Ponds and fairways on
the west side of Tyee Golf Course.

Figures 7 through 9 display _t and proposed inundated areas for 10-year, 25-year, and
100-year events, based on HSPF-modeled water surface elevations.

10
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RESULTS

Typical Water Year

For the Alternative 2 R/D Facility, the hydrograph analysis of Northwest Ponds in a typical
water year (1995) showed:

• Flows above 10 cubic feet per second (¢fs) would be dampened (see Figure 10)

• The water elevation in Northwest Ponds would be lowered as a result of the changes to
the outlet of Northwest Ponds and the downstream channel (see Figure 11)

• The open water area would be reduced (see Figure 12).

Figure 10 is an outflow hydrograph for Northwest Ponds in 1995, and Figure 11 is a stage
hydrograph for the same typical water year. In Figure 12, an area hydrograph for the same
year, the left axis shows the total area inundated, and the right axis shows the open water
area. Under proposed conditions, the open water area would be less than current. The
proposed open water area does not increase with stage, because all the area it expands into
would be covered with existing forest or new scrub-shrub planting.
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RESULTS

Storm Events

The analysis of typical l- and 2-year storms shows:

• The water elevation and open water areas both decrease under proposed Alternative 2
conditions

• Water level fluctuation is greater as the pond stores water in order to reduce release rates
downstream in Des Moines Creek.

Figure 13 is an HSPF-simulated stage graph for current and proposed conditions at
Northwest Ponds for an approximately I-year storm event in 1952. The approximate open
water area at each foot of stage was added to the fight axis of the graph. Figure 14 is a similar
stage graph for an approximately 2-year storm event in 1965.
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DESMOINESCREEKREGIONALCAPITALIMPROVEMENTPROJECTS

Swanson Site Observations

Currently,about one yearaftersite construction,the vegetation atthe Swanson wetland
mitigationsite near Paine Field still needs to grow more before it becomes thick enough to
cover the periodic open water. In the interim someone visits the site daily to scare away the
waterfowl. The Swanson site also has very rockyglacial outwash soils, which are not
particularly conducive to the growth of wetland plants.

At the Des Moines Creek R/D Facility site we plan to plant more densely than the Swanson
site, so it should not take so long for the vegetation to be dense enough to deter waterfowl.
The Sea-Tae site also has excellent organic soils that arc expected to support healthy wetland
plant growth.However, until the vegetation mature_ enough to cover the area sufficiently, the
area excavated in Cells 1 and 2 would require nets or a regular wildlife deterrence program.

36
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Conclusions

Althoughthetotalareainundatedwillbegreater,theopenwaterthatwouldattractbirdswill
bereduced,becausemuch ofthenew areasthatwouldbeinundatedwillbeplantedwith
scrub-shrubvegetationtodeterbirduse.The frequentfloodingonthegolfcourse(seeFigure
15)thatcurrentlyattractswaterfowlwillnotoccuruntilaboutthelO-yearstorm,andeven
then it will bemuch smaller than thecurrent flooding.

Of course, it would take some time for the vegetation to mature enough to cover the area
sufficiently. In the interim, the area excavated in Ceils I and 2 would either need to be
covered with nets, or have a regular wildlife deterrence program implemented. In addition,
the plants will need some time to become established before they are subjected to frequent
fluctuations. This could be accommodated by not diverting flows from the East Fork into
Northwest Ponds and having less restrictive outlet controls for the first year or two.
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Recommendations

After additional performance review of the Alternative 2 R/D Facility, the Design Team
identified the following design changes that would address the wildlife attraction concern:

• Raise the base elevation of the excavated Cells 1 and 2 to a mean elevation of 244.5
feet. The previous design elevation proposed was 243 feet, which would create at least
one foot of dead storage in the newly constructed area.

• Reconstruct the outlet stream from Northwest Ponds downstream to 200 thStreet,
thus lowering the stream channel and increasing its conveyance capacity. This, along
with construction of Berm A, will eliminate the commonly occurring winter open water.

(See Figure 15 for the typical winter flooding and Figure 3 for the annual floodplain).

• Plant a scrub-shrub vegetation community in the excavated areas of Ceils 1 and 2 and

in the Approach Light Road impoundment area to deter threatening bird species.

• Modify the outflow restrietor at Northwest Ponds during summer low flow
conditions. Manual adjustment of the outlet restrictor at Northwest Ponds to less
restrictive settings will reduce the open water area occun'ing during summer rain events
(this adjustment was not included in the HSPF model or in the figures).

The lowering of the outlet of the Northwest Ponds from 245 to 244 feet, the improved
conveyance system of the outlet channel, and the scrub-shrub planting in the Northwest
Ponds area would reduce the summer low flow open water area by 1.6 acres (see Figure 2). If
the summer outlet is enlarged enough to drop the water surface elevation to the 244-foot
invert, the open water would be reduced by 2.5 acres.

These actions will impact the hydrologic performance of the R/D Facility due to an
approximately 11 percent reduction in the available live storage. During the final design
modeling, a decision will need to be made about how to divide the impact of the lost storage
potential between lower reduction of flows in Des Moines Creek, and greater water
fluctuations in Northwest Ponds.
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Appendix_.HydrologicModeling,AnalysisandAasescrnent

Introduction

A continuous,hourly,hydrologicsimulationmodeloftheDesMoinesCreekBasin

providedtheprimarymeansforcomparingtheeffectivenessoft.hedesignalternatives
describedinthisreport.Thiswastheonlytypeofmodelcapableofsynthesizinglong
term,continuousrecordsofstreamflowandwetlandlevelsnecessarytoquanthCyboththe
downstreamrestorationpotentialandupstreamenvironmentalimpactsofeachdesign
alternative.

Model Background

Thehydrologicmodelselectedforthisstudywas amodifiedversionoftheHSPF model
(KingCounty,1997)utilizedanddocumentedintheDesMoinesCreekBasinPlan.This
modelwas selectedforapplicationinthisstudybecauseoftheitssuitability,efficiency,
andcontinuitywithpreviouswork.We judgedthemodelsuitablebecauseofitsabilityto
realisticallyrepresentthedesignalternatives,relevantbasinphysicalcharacteristics
(soils,cover,drainage,etc.)andtogeneratestreamflowsandwetlandlevelsinresponse
todecades-longrecordsofprecipitationdata.Use ofmodelwas efficientbecauseithad
beendeveloped,calibrated,andtestedinearlierstudiesthusobviatingthelargeeffort
necessarytoconstructandtestanew model.Finally,thismodelwasalsofavored
becauseithadbeenusedinpreviousstudiesofthebasinsuchastheDes MoinesCreek
BasinPlanandhadachievedasubstantiallevelofcredibilityamong bothtechnicaland
non-technicalbasinstakeholders.

Onlya fewadjustmentsweremade totheBasinPlanHSPF modelofcurrentbasin
conditionsforpurposesoft.hisstudy.Theseincludedthefollowing:

I. Incorporationofbathymerricdatatoimprovethemodel'srepresentationofNorthwest
Pondswaterstorage.

2. UseofrecenttopographicdatainTyeeValleyGolfcoursetomorerealistically
representculvertinvertswatersurfaceelevations.

3. Use offlowmonitoringdataandhydraulicanalysistoimprovetheaccuracyofflow
routingandwetlandlevelsonthewestbranchofthecreek.

Foramoredetaileddescriptionofthemodel,thereaderisreferredtotheDes Moines
CreekBasinPlan(1997).

ModelAnvlication

TherangeofapplicationsofthecalibratedDes MoinesCreekbasinHSPF modelare
practicallylir-itless.Themodelisineffecta mathematicalstreamflowandwetlandwater
levelgeneratorthatonlyrequiresrainfallandpanevaporationdatatosynthesize
continuouswaterlevelsandhydrographsatanylocationintheschematizeddrainage
network=Additionally,theavailabilityofthelongtermrainfallrecordatSeatacairport
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(hourly _inf,]] amounts from October, 1948 to pr_enQ allows the _ulafion of
con'esponding long-term water level and flow records Rom which descriptive hydrologic
statistics may be easily extracted. In general, application of the model involves four
steps;identification of locations where flow data are required, definition of basin
conditions or scenarios to be investigated, model operation on each scenario, and analysis
in which flow statistics arc extracted discussed and compared.

Key Flow Points

For this report, the key locations of intc_'t were the m_in-ctemofDes Moines Creek at
the up_ end of the ravine, and the Northwest Ponds wetland. As discussed in the
basin plan, flow characteristics at the head of the ravine are largely responsible for the
most serious flow-related problems that occur in the m-in_em downstream of this
location: channel erosion, instability, and gravel scour. Therefore, thi_ site was chosen as
the location that best chm-acu.-rizesthe effectiveness of each design alternative in restoring
stable flows. The Northwest Ponds wetland represents the location of the most sensitive
regulatory issues associa/_'dwith the design alternatives- alteration o_"existing wetland
hydroperiods with their related biotic impacts and potential aggravation of pooled water
conditions that affect risks to au,_La_from bird su_es.

Modelin__Scenarios
Five scenarios were simulated for comparison purposes: Historical Forested Conditions,
CurrentConditions, and the three restoration project alternatives- Alt. 1, Air. 2, and Ak.
3.

Historical Forested Conditions- The forest scenarioestates hydrologic conditions prior
to any significant lm_ddisturbance. This is appro_muted by replacing all grass and
impervious surfaces by hydrologically mature coniferous forest cover in the model Also,
major drainage su_ctures such as Tye¢ Pond and the Marine View Drive culvert are
removed from the modeled drainagenetwork. Forest condition flows at the head of the
ravine provide a reference level defining the maximum, upper limit to flow re,me
restoradon.

Current Conditions- The current scenario incorporates land use as assayed by satellite
images, air photos, and field visits. All major drainage structures such as lakes, and large
ponds, are represented in the model.

Ak. 1 assumes the same land use as CurrentConditions but includes a new diversion pipe
connecting Tyee Pond to Northwest Ponds, a bypass pipe fi'om Northwest Ponds to Puget
Sound, enhancement of active detention storage at Northwest Ponds, and hydraulic
conveyance improvement between Northwest Ponds and the confluence west and east
branches of the creek.

Alt. 2 is the same as Air. 1 except that the bypass pipe to Puget Sound be_n.¢ at Tyee
Pond instead of Northwest Ponds.
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Ah. 3 raises a berm .atthe Approach Light Road and merges storage behind the berm with
Northwest Ponds storage into a single pond during high flows. The bypass pipe connects
the Approach Light Road to Puget Sound.

For more details describing each Alternative Scenario, please see section IV.

Kg.01zm =
Long term hydrologic simulations of each scenario were carried out urili_ing 50 years of
hourly precipitation a.t. spanning water years 1949 through 1998 fi'omNaziona_Weather
Service a.t.hase for S_t_ Airport. The NWS S_t._. record is considered a vaIid for
basin hydrologic analysis within the western portion of King County and is certainly
appropriatefor the D_ Moines Creek basin given the proximity of the N_fS site to the
basin.

For a discussion of model results, see the Des Moines Creek Regional Capital

Improvement Project Preliminary Design Report, April 1999.
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SUMMARY

The King County Departmentof Natural Resources,Water andLand Resources
Division,inan intedocalagreementwiththe Citiesof SeaTacand Des MoDes, and
the Portof Seattle,proposesrestorationof salmonhabitatinDes MoinesCreekby
constructinga regionaldetentionpondupstreamof theconfluenceof the west and
eastforks. The detentionpondwilldecreasethe erosivepotentialof highflowsand
allowforsubsequenthabitatenhancementin reachesof the creekdownstreamof the
confluence.The pondwillbe constructedpredominan*Jyon Port of Seattle property,
inthevicinityof severalwetlandsthat currentlyreceiveflowsfromthe west fork of
Des MoinesCreekandthe southend of Seattle-TacomaInternationalAirport
(Sea-TacAirport). The Port propertyis locatedsouthof the airportand northof
South 200thStreet,onthe west sideof the Tyee GolfCourseinSeaTac, KingCounty,
Washington.

A wetlanddelineationwasperformedbySurface WaterEngineeringand
EnvironmentalServices(SWEES) personnelto determineimpactsof the pondon the
wetlandsandto assistinthe designand planningof mitigation.Three wetlandswere
foundduringthe fieldworkfor the delineationthat was performedduringMay and
June1998. The wetlandboundarieswere surveyedinJuly1998, immediatelyafter
the delineationwas completed.A fourthwetlandwas foundthat had alreadybeen
delineatedbya consultantto the Port of Seattle. The surveyof this wetlandwillbe _.
matchedto the recentdelineationsand presentedas itbecomesavailable. In _.._
addition,SWEEScollaboratedwithParametrix,Inc., inJanuary1999 to redefinethe
boundaryof the wetlandwithintheTyee GolfCourse.

1.0 INTRODUCTION

The KingCountyDepartmentof NaturalResources,Waterand Land Resources
Division,inan interlocalagreementwiththe Citiesof SeaTacand Des Moines,and
the Portof Seattle,proposesto constructa regionaldetentionpondon Portof Seattle
property.The pondwillimpactwetlandsthat currentlyreceiveflowsfromthe west
forkof Des MoinesCreekandthe southend of SeaTac InternationalAirport. The Port
propertyislocatedsouthof the airportandnorthof South200th Street,on the west
sideof the Tyee Golf Coursein SeaTac, KingCounty,Washington,Sections4 and5,
Township23 North,Range4 East (Figure 1).

The regionaldetentionpondwilldecreasethe erosivepotentialof highflowsand allow
for subsequenthabitatenhancementinreachesof the creekdownstream of the con-
fluence. Currentconditionsin Des MoinesCreek includepoorwater quality,channel
degradation,and lossof instreamcomplexity. The detentionpondwillbe part of a
groupof projectsrecommendedin the Des Moines Creek Basin Plan to addressthe
declineof salmonhabitatin the creek.
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To satisfySensitiveAreasReviewrequirementsof_e Cityof SeaTacZoningCode
regulations(Chapter15.30),me projectsitewasevaluatedforthepresenceofstreams
and wetlands.Thestreamsurveyreportappearsundera separatecover.

2.0 SPECIALSTUDYMETHODOLOGY AND MATERIALS

2.1 REVIEWOF EXISTING INFORMATION

The followinginformation(AppendixA)was reviewedpriorto performingfieldwork, in
orderto identifynaturaldrainagesystemfeaturesanddeterminethe probable
presenceofwetlands,streams,andother sensitiveareas:

• King CountyWeUandsInventory, Volume3, South(KingCounty,1990a);

• King CountySensitiveAreas Map Folio, Map Number5 (KingCounty,
1990b);

• National Wetland Inventory, Des Moines,WashingtonQuadrangle(Fish
andWildlifeService,1987);

• King CountyBasin Reconnaissance Program Summary,Volume2,
DuwamishRiverBasin(KingCounty,1987);

• KingCounty. 1997. Des Moines Creek Basin Plan. KingCountyDepartment
of NaturalResources,WaterandLandResourcesDivision,Seattle,
Washington;

• Soil Survey,King CountyArea, Washington, SheetNumber1 (Snyder
et aL, 1973);

• Un#ed States Geological Survey (USGS), 7.5 Minute Series, Des Moines,
Washington,Quadrangle(USGS, 1949);

• A Catalogueof Washington Streams and Salmon Utilization (Water
ResourcesInventoryAreas[WRIA]),Volume 1,WRIA-09, LowerDuwamish
River,DuwamishRiver Basin(WashingtonDepartmentof Fisheries,1975).
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2.2 EVALUATIONOF FIELD CONDITIONS .

Jon Hansen,Jon Rayboum,and Laura Hartema,of the KingCounty Departmentof
NaturalResources'EcologicalServicesUnit (ESU), performeda wetland delineation
of threewetlandson the sitefromMay 11throughJune25, 1998. The wetland
boundarieswereimmediatelysurveyedbyKingCounty. Ineach area that appeared
to havewetlandcharacteristics,data on vegetation,soilconditionsintestpits,and
evidenceof hydrologicalconditionswere collected. Data were recordedon modified
RoutineOnsiteDeterminationMethoddataforms. Adjacentuplandareaswere
similarlysampledanddata recorded. Inaddition,a recordwas madeof all wildlife
speciesand/orsignsobservedduringthe fieldvisits. In December1998,
JonRayboumjoinedecologistsfromParametrixto delineatethe portionof the
wetlandwithinthe Tyee GolfCourse. The samemethodsas abovewere usedin the
delineation,andtheresultswillbepresentedbyParametrixand incorporatedintothe
overallsitestudy.

2.3 WETLANDDELINEATIONAND CLASSIFICATION

Onsiteassessmentswere conductedaccordingto the three-parameter
methodologyof the 1997 WashingtonState Departmentof Ecology(WSDOE)
Wetland Delineation Manual. The delineationwas performedto satisfy regulatory
requirementsof federal,state, and localjurisdictions. Forthe purposesof
regulation,the manualdefineswetlandsas follows:

Thoseareas that are inundated or saturated by surface or groundwater
at a frequency and duraUonsufficient to support, and that under normal
circumstancesdo support, a prevalence of vegetation typically adapted
for life in saturated soil cond#ions. Wetlandsgenerally include swamps,
marshes, bogs, and similar areas.

Thewetlanddelineationmethodologyrequiresan examinationforevidenceof three
parameters:hydrophyticvegetation,hydricsoils,andwetlandhydrology. Under
normalconditions,evidenceof allthree parametersmustbe presentfor an areato be !
identifiedasa wetland. Hydrophyticvegetationisan assemblageof macrophytic
plants,dominatedbyspeciesthatcangrowwherethe frequencyanddurationof
inundationorsoilsaturationproducespermanentlyor periodicallysaturatedsoilslong
enoughto produceanaerobicsoilconditions.Hydricsoilsare thosesoilsthat are
flooded,ponded,or saturatedlongenoughduringthe growingseasonto become
anaerobicintheupperpart. Wetlandhydrologyincludesseasonal,periodic,or
permanentinundationorsaturationto the surface,whichcreatesanaerobicconditionsin
the soilfora significantperiodduringthe growingseason(at least5 percentof the
growingseason,usuallyabouttwoweeks).

Thewetlandevaluationmethod employedin this studywasa modifiedroutine-
levelfieldsamplingdeterminationmethod. Ten studyplotswere established

4
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• throughoutthe projectvicinity(Figure2). Of _e ten plots,fivewere locatedin
wetlandhabitats,andfivewerelocatedinnearbyuplandhabitats. Plotswere I
locatedin areasthat representedeach community.Vegetation,soils,and i
hydrologyweresampledat each plot. Data were recordedon fielddata forms I(AppendixC), andwetlandboundariesfromthe resultingdeterminationswere
flaggedinthe field. Locationsofwetlanddelineationplots,uplandplots,and
streamswerealsomarkedin the fieldwithflagging.Locationsof wetlandflags
were surveyedandthe wetlandboundariesmappedusingAutoCAD. Specific
samplingmethodsforthe three parametersaredetailedbelow.

2.3.1 Vegetation

Eachvegetationsampleplotconsistedof concentriccircleslocatedarounda soilpit.
The herblayerwassampledwithina circlewitha radiusof approximately2 meters.
Trees andshrubswere sampledwithina circlewitha radiusof approximately
9 meters. Becauseof thesizeor shapeofthe plantcommunitybeingevaluated,
whereappropriate,vegetationsamplingplotswere modifiedto includeonlythat
portionof thecirclethat wasrepresentativeof the communitybeingsampled. The
plantspeciesineach plotwereidentifiedand the percentcoverageof the totalplot
areaof each speciesestimated. Speciesdominancewasdeterminedby usingthe
midpointvaluesassigned.toeachpercentcoverageas describedon the Routine
OnsiteDeterminationMethoddata form (AppendixC_ The wetlandindicatorstatusof -.
individualplantspeciesas designatedby the FishandWildlifeService(Reed, 1988 ;. j
and 1993) wasnoted. If morethan 50 percentof the dominantspecieswere faculta-
tive species,facultativewetlandspecies,orobligatewetlandspecies,the hydrophytic
vegetationcriterionwassatisfied. Plantindicatorstatuscategoriesare describedin
Table1.

t

2.3.2 Soils
t,

Soils in eachstudy plotwere sampledandevaluatedfor hydricindicators.Soilpitswere
dugwitha long-bladedshovelto a depthofapproximately18 inches.Soiltextureswere
describedandmoistsoftcolorsidentifiedusingMunseflSol1ColorCharts(UnitedStates
DepartmentofAgriculture[USDA],1992). Hydricsoilindicatorsinclude: organicsoils;
the presenceof suifidicmaterial;directobservationof intermittentfloodingorinundation;
gleyed,lowchroma,andlow"chromamottledsoils;andaquicandperaquicmoisture
regimes.Mottlesarespotsor blotchesof contrastingcoloroccurringwithinthe soil
mab_ Gleyedsoilsarepredominantlyneutralgrayincolor. Soilshavingaquicor
peraquicmoistureregimesaresaturatedto the surfaceandanoxicduringthe growing
season. Lowchromeisdefinedas a chromaof 2, withmottles,ora chromaof 1,withor
withoutmotffes0NSDOE,1997).

A soilishydric,as definedbytheNationalTechnicalCommitteefor HyddcSoils, if it is
saturated,flooded,or pondedlongenoughduringthe growingseasonto develop
anaerobicconditionsinthe upperpart (USDA,1985). Lowchromecolors immediately
belowthe darksurfacehorizoncan bean indicatorof hydricmineralsoil. It ispossible,
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however, for mineralsoilsto be hydric while lackingthe typical colorindicators, or for a
hydricsoilto be drained sufficientlyto be non-hydricwhile retainingcolor indicators.

Soil indicatorswere recorded on field data sheets (Appendix C). Soil characteristics
were compared to Soil ConservationService (SCS) descriptionsof mapped sol
(Snyder et al., 1973) to confirm mappingor to determine whether a soil inclusionwas
present. Most soilsmapped by the SCS includeareas of other sogs, which may
comprisefrom 2 to 50 percent of the mapped unit.

Table 1: Plant Species Wetland Indicator Categories (Reed, 1988)

ESTIMATED
INDICATOR OCCURRENCE PROBABILITYIN

CATEGORY" • - WETLAND

OBL Oblioate.Occuralmostalwaysinwetlands,undernatural >99%
conditions.

FACW Facuttativewetland.Usuallyoccurinwetlands,but 67-99%
occasionallyfoundinnon-wetlands.

Facultativ_..Equallylikelytooccurinwetlandsandnon-
FAC wedands." 34-66%

FACU Facultativeupland.Usuallyoccurinnon-wetlands,but 1-33%sornetlmasfoundinwetlands.

UPland.Occurinwetlandsinanotherregion,butoccur
UPL almostalways,undernaturalconditions,innon-wetlandsin <1%

thisregion(Region9).

• NI Noindicator.Noindicatorassigned.

"A positive(+)ornegative(-)sign,whenusedwithindicators,indicates"slightlymorefrequentlyfound
inwegands"and"slightlylessfrequentlyfoundinwetlands,"respectively.Anasterisk(°) followingan
indicatoridentifiesa tentativeassignmentbaseduponeitherlimitedinformationorconflictingreviews.

2.3.3 Hydrology

Directevidenceof v_etlandhydrologyincludesobservation of inundation, soil saturation
to the surface,and presenceof the water table near the surface. To satisfy wetland
hydrologycriteria,hydrologymust be present for more than 5 percent of the growing
season (approximatelytwo weeks) under the 1997 Washington State Wetland
Delineation Manual. Direct observation of wetland hydrology may not be possible during
muchof the dry season, but other hydrologicindicatorsmay be present throughout the
year that confirm the occurrenceof saturationor inundationfor sufficient periodsof time
to satisfythe hydrologycdteda of the 1997 Manual. Indicators inferringwetland
hydrologyincludeoxidizedroot channels associatedwith livingroots and rhizomes,
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r

sedimentdepositson substrateandplantsurfaces,wetlanddrainagepattems,driftlines,
surface-scouredareas,water-stainedleaves,morphologicalplantadaptations,and
hydricsoilcharacteristics.

2,3.4 WetlandDetermination

Resultsofvegetation,soils,andhydrol0gysarnplingwereusedto makea wetland
determinationforeachploL Uponcompletionof plotdeterminations,an overall
assessmentoftheareawasconducted,andwetlandboundarieswereestimatedinthe
fieldbasedon plotinformationandvisualobservationsof sitecl_aractedstics.Survey
flagswereplacedat appropriateintervalsto markwetlandboundaries.

Sincea wetlandisa dynamicsystemthatfunctionswithina fluctuatingecological
landscape,wetlandcharacteristicsmayvarywithseasonandwithchangesto the
surroundinglandscape.Wetlanddeterminationsare basedon siteconditionsat the time
of evaluation.Althoughseasonalvariabilityandadjacentlanduse,aswellas site-
specificinformationobtainedfrompublicresourcedocuments,areconsideredat the
timeof wetlanddetermination,all potentialeventualitiescannotbe predictedor
anticipated.

2.3.5 WetlandClassification

Wetlandswereclassifiedaccordingtothe UnitedStatesFishandWildlifeService
classificationsystem(Cowardinet aL, 1979) andthe Cityof SeaTacclassification
system.In addition,inordertoaccommodatejurisdictionat thestate level,wetlands
weregivendesignationsaccordingtothe WashingtonStateclassificationsystem. Field
dataformsfor the WashingtonState WetlandRatingSystemareattachedin
AppendixG.

2.3.6 FunctionalValue Assessment

The functionsof onsitewetlandswere evaluatedusingcurrentknowledgeof wetland
functionalvalues. Wetlandfunctionsincludestormwaterandfloodwatercontrol,water
qualityimprovement,groundwaterexchange,biologicalhabitatand hydrological
support,erosioncontrol,andeconomicand recreationalopportunities.

Wetlandfunctionsaredescribedby evaluationcategoriesranting from "lowvalue"to
"highvalue." These broadcategoriesare interpretedwithinthe contextof profession-
al experiencewitha wide rangeof wetlands,andwithreferenceto scientificliterature
(Reppertet al., 1979;AdamusandStockwell,1983; SatherandSmith,1984).
Evaluationof onsitewetlandsin their presentconfigurationprovidesa contextfrom
whichto evaluatethe probableeffectsof the proposedprojecton specificwetland
areas.

Althoughit isstillindraftform,ESUalsoappliedtheWashingtonStateWetland
FunctionalAssessmentMethod.Thismethodiscurrentlybeingtestedandevaluatedby

7
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3.0 RESULTS

3.1 ANALYSISOF EXISTING INFORMATION

The NationalWetlandInventory(UnitedStatesFishandWildlifeService,1989) includes
twotypesofwetlandsonthesite,PalustdneopenWater,unknownbottom,artificially
flooded,impounded(POW),andPalustdneScrub-Shrub,seasonallyflooded(PSS).
Neitherthe King CountySensitiveAreas Map Folio(KingCounty,1990b)nor the King
County WetlandsInventory(KingCounty,1990a) providescoverageof the sitebecause
it islocatedwithinthe incorporatedCityof SeaTac(AppendixA).

3.2 ANALYSISOF OVERALLFIELD CONDITIONS

The studysiteislocatedinthe heavilyurbanizedupperwatershedof Des Mo_.s Creek,
borderedonthenorthbythe commercialpropertiesadjacentto South188thWay and
16thAvenueSouth,andbythe IndustrialWastewaterSystemholdingpondand the
southernmostrunwayof Sea-TacAirport.Des MoinesMemodalDriveSouthformsthe
westernborderofthe site. Thesouthernboundaryisformedby South196thStreetand
a forestedpropertyownedbythePortof Seattle. The airportapproachlightroad,which
bisectsthe TyeeGolfCourse,runsalongtheeasternborderof thestudysite.

Duringthe siteevaluationson May 11throughJune25. 1998, three palustdne !_.-_jwetlandswereidentifiedanddelineated. Allof these wetlands(WetlandsA-C) were
alsoassessedfor functionalvaluesandclassified(Figure2, Table 4_ A portionof
WetlandA that hadbeendelineatedandsurveyedpreviouslyby a consultantto the
Port of Seattlewas evaluatedduringfieldvisits. This portion,the northeastarm, is
contiguouswiththe mainbodyof WetlandA. It isdesignatedas Wetland D, and
informationwillbe incorporatedas it becomesavailable(Figure 2).

WetlandsA, B, C, andD were probablyall partof one wetland'comDlexpriorto
humandisturbance.Aerialphotosfromthe 1940s indicatethat truck farmingwas the
dominantlanduse of thesite. WetlandA was minedfor peatas late as the 1970s
and impoundedto allowthe constructionof theTyee GolfCourseand provide
stormwaterdetention.WetlandB representsthatpartof thewetlandthat was
eventuallydevelopedto buildthe westernportionof thegolfcourse. Many areas
were gradedandtiled to constructthe golfcourseand_rovideitsdrainage.
WetlandsC andD are currentlydefinedbythesurroundingfill of the airportand
adjacentdevelopment,andare restrictedto ditches. However,they are hydrologically
connectedto WetlandA andappear to be remnantsof the odginalwetland on thesite.

The threewetlandsdelineatedrange insize from 32,993 squarefeet (0.8 acres)to
726,198 squarefeet (16,7 acres). Total wetlandarea on the siteis 31.4 acres. All of
thewetlandson the siteare regulatedby the Corpsof Engineers,pursuantto the
CleanWaterAct. The Cityof SeaTac regulatesthemvia the Environmentally
SensitiveAreasCode(SeaTac MunicipalCode,Chapter15.30). The wetlandson the
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site were dassified accordingto the City of SeaTac wetland dassificaUon system
outlinedin Chapter 15.10.675 of the SeaTac Municipal Code, and additionally,

according to the Washington State Wetland Rating System (Appendix G).

Wetland locationsare shown in Figure 2, drainage patterns are shown in Figure 3,
wetland delineation resultsare presented inTable 2, wetland determinaUon results
are summarized in Table 3, and wetland photographs are presented in Appendix D.

• Table 2: Wetland Delineation Results. Des Moines Regional Detention Pond,
CiP #1A1767

- Mitigation
Wetland Type" Acnm(If) Class" Buffer Ratio"*

A PSS/PEM/POW 16.7(726,198_) 1,11 100-foot 2:1,2:1

PFO 2:1,3:1

B PEM/PSS 9.8(424,710ft=) 1,11 100-foot 2:1,2:1

C PFO 0.8(32,993_) 1,11 100-foot 2:1,3:1

D PSS 4.1(179,903ft_) 1,11 100.foot 2:1,2:1

" = TypeasdefinedinCowardinet aL,1979.
" = ClassasdefinedinChapter15.10.675of the_ ofSeaTacMunicipalCodeandtheWashington

StateWetlandClassificationSystem,respectively.
" = MinimumMitigationRatiorequiredperChapter15.30.320Cityof SeaTacMunicipalCodeand

ReplacementRatiosrecommendedbyWashingtonStateDepartmentof Ecology,respectively.

3.2.1" Vegetation

Although the site has a history of disturbance and is surrounded by commercial and
industrialdevelopment, the vegetation is fairly diverse and many plant communities
are represented. Figure 4 shows the approximate extent oflhe plant communities
present. All forested areas are dominated by black cottonwood (Populus trichocarpa)
and red aider (Alnus rubra), with, in disturbed areas, an understory of Himalayan
blackberry (Rubus discolor). Disturbed areas that are open to full sun, such as along
the southwest comer of the site and to the west of the runway, are completely choked
with monotypicstands of Himalayan blackberry. A large area of mixed deciduous
forest on the south side of the site appears to be the least disturbed. The understory
is dominated by Indian plum (Oemle#a cerasiformis), red-osier dogwood (Comus
stolonifera), red elderberry (Sambucus racemose), and includes scattered beaked
hazelnuts (Corylus comuta) and stands of saimonberTy (Rubus spectabilis). The herb
layer ranges from weedy species typical of disturbed sites, such as reed canarygrass
(Phalaris arundinacea), to those more often found in regenerated areas, such as false
lily-of-the-valley(Maianthemum dilatatum). Willows (Salix spp.) typify the vegetation
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at theedgeof the centralbodyof openwater. Muchof the shallowwater is
dominatedbycaffail(TyphalaUfo//a),butthe edgesassociatedwith the goffcourse
alsohaveavarietyof rushesandsedges. The wetlandareaswithinthe goffcourse
are dominatedbymaintainedturfgrasses,whichwere notidentifiedspecifically.All
plantspeciesidentifiedwithinthe ten studyplots,as wellas other plantsfoundon the
s_e, are listedinAppendixE _ their indicatorstatuses.

3.2.2 Soils

The Soil Survey,long CountyArea, Washington (Snyderet el., 1973), maps muchof
the siteas UrbanLand,havingbeenmodifiedthroughgradingandfillingto accom-

• modateindustrialinstallations.Layersof peatand muckare stillevidentbeneath
manyof the filledareas. "1_eopenwater area ofthe siteismappedas Normasandy
loamandBellinghamsiltloam,both poorlydrainedhydricsoils. The southernportion
of the site,whichcorrespondswitha diverse scrub-shrubwetlandplantcommunity,is
mappedas Indianolaloamyfinesand,4 to 15 percentslopes. Indianolesare well-
drainedforestsoils.

In the majorflyofthe soilpitsdugon the site,siltand clay were the dominant
constituents,withtexturesrangingfrom sandto siltloamand siltyclay in the top
18 inches. In mostwetland soilpits,muckandpeatwere encountered.Some soil
pitswithingradedareasrevealedfillmaterialconsistingof sandandgravel. Soft
characteristicsobservedinthe ten studyplotsare describedinAppendixC. '_

3.2.3 Hydrology

The largestinputof waterto thewetlandson the siteis viathe westforkof
Des MoinesCreek(WRIA 09.379). The watershedof this branchofthe creekis
highlyurbanized,and the hydrologyis typicalof stormwaterdominatedsystems. The
southernportionof sitedoesnothavethe obviousstormwaterinputs,but receives
waterfromsurfacerunoffand the numerousseepsthat surfacealongthe slope,which
isthe dominantfeatureofthe southside. WetlandB,on the westernedge of the golf
course, receiveswaterfromsurfacerunoffandthe overflowof the pondsthat
comprisetheopenwaterof WetlandA. Peat layersbeneaththe golf coursefill retain
precipitationandare chargedby the adjacentponds. Wetlands C and D, which are
restrictedto ditchesconnectedto Wetland A on the northwestand northeastcomers,
receivelocalrunoffandsurfacewater dischargefromthe airport. Numerous seeps
alongthe slopeadjacentto Wetland D have beenreported.

Directobservationsofwetlandhydrologyduringsiteevaluationincludedinundationby
waterandsoilsaturationto the surface. Fieldindicatorsof hydrologyobserved during
evaluationsincludedwetlanddrainagepatterns,closeddepressionaltopography,and
water-stainedleaves.
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3.3 WETLAND DESCRIPTIONS

3.3.1 WetlandA

WetlandA isthe largestwetlandon the site at 16.7 acres. It has four classesof
vegetationand is over 10 acresinarea, so it is ratedas a Class 1 wetland.
WetlandA isa palustrinewetlandwithforested,scrub-shrub,emergent,and open
watercomponents.It isartificiallyfloodedandimpounded. It receiveswaterfromthe
westfork of Des MoinesCreek,stormwaterrunofffromthe surroundingdevelopment,
andgroundwater.Surfacewater flowsfrqmWetland A via the west fork of
DesMoinesCreekat the outletlocatedonthe west sideof theT_;ee GolfCourse.

, - - -., ".. .. "

Vegetation . _

The dominantcanopyspeciesin the wetiand'splots(DP-1, DP-3, DP-5) were black
cottonwoodand redalder,withoneplotlackinga tree layer. The dominantunderstory
specieswere Himalayanblackberry,cottonwoodsaplings,and Indianplum. The
dominantspeciesin the herblayerwere reed canarygrass,ladyfern (Athyria fe/ix-
femina), Watson'swillow-herb(Epilobium watsoniO,andtallbuttercup(Ranunculus
acfis). All the wetlandstudyplotssatisfiedthehydrophyticvegetationcriterion.

The dominantcanopyspeciesin the adjacentuplandstudyplots (DP-2, DP-4, DP-6)
were blackcottonwoodandredalder. The dominantunderstoryspecieswere
Himalayanblackberryandsalmonberry.The dominantspeciesin the herb layerwere
stingingneffie(Urtica dioica) andfalselily-of-the-valley,withone plotentirelylacking
an herb layer. Two of the threeuplandplotssatisfiedthe hydrophyticvegetation
criterionas a resultof dominancebyfacultativespecies.

Soils

The soilsinthewetlandsoilpitstypicallywere black(10YR 2/1 ) muck,peat,andsilt
loam. The peatandmuckwerewithouthorizonsfrom0 to 20 inches. The siltloam
overlaida verydarkgrayish-brown(10YR 3/2) siltyclayfrom 14 to 20 inches.The
hydricsoilcriterionwas satisfiedinall of the wetlandsoilpits,based on the presence
of eitherlow chromasor organicsoil.

The soilsinthe soilpitsfromthe adjacentuplandareaswere either non-nativefill
containingdebrisor a mixtureof black(10YR 2/1) organics,very dark brownto very
darkgray(10YR 2/2, 10YR 3/1 dry) clayloamandsiltyclayoverlayingdark brown
(10YR 3/3 dry)sand. Intwoof the three uplandpits,the soilsdidnot satisfythe
hydricsoilcriterion.In oneof the pits,the soildidsatisfy the hydricsoilcriterion
basedon low chroma.

Hvdmloqy

All of thewetlandplotshadsurfacewater presentor saturationof the soilto the
surface. Eachwetland plotwasdeterminedto havewetland hydrologybasedon the
directobservationof water,as wellas drainagepatterns.
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Therewas no evidenceofwetlandhydrologyinany of the adjacentuplandareas;
therefore,noneof them satisfiedthe wetland hydrologycriterion.

Wetlandpeterminatlon
The studyplotsinWetlandA were determinedto be wetlandsbasedon the presence
of hydrophyticvegetation,hydricsoils,and wetlandhydrology.Allthree parameters
were metin eachploL

Noneof theadjacentuplandstudyplotswere determineclto bewetland. Wetland
• hydrologywaslackinginall three, even'thoughhydrophytlcvegetationwas present in

one, andbothhydrophyticOegetationandhydricsoilswerepresent in another. In the
lattercase,wheretwoof the three crRedawere satisfied,the plotwasjudged to be

•non-wetlandbecauseeven thoughhydricsoilswere present,an underlyingsand layer
actedas a drainandkeptthe uDperlayersfrombeingsaturated. Hydrologywas
expectedbutnotfound;therefore, the plotwas notdeterminedto be a wetland.

WetlpndClapsific;:atiqn •
WetlandA isa palustrinewetlandwithforested,scrub-shrub,emergent,and openwater
components.It isartificiallyfloodedandimpounded.The National Wet Inventory
(AppendixA) classifiesWetlandA accordingto majorplantcommunitiesanddividesit
intotwowetlands:palustrineopenwater (POW) andpalusb'inescrub-shrub(PSS) --
(Cowardineta/., 1979). Accordingto SeaTac MunicipalCode 15.10.675,all hydro-
logicallyconnectedportionsofa wetlandand allplant communitiesmustbe considered
whenmakingthe wetlandclassification.Accordingtothatsystem,WetlandA is ratedas
a Class1 wetlandbecauseit is over10 acresand hasfour classesof vegetation
(PFO/PSS/PEM/POW).As such,this wetlandrequiresa minimum100-footbuffer,
pursuantto SeaTacMunicipalCode 15.30.290.

.W.etlandBuffer
The 100-footbufferrequiredaroundWetland A is borderedon the northsicleby
severalcommercialdevelopmentsand undevelopedfill. The westem side of the
bufferis adjacentto Des MoinesMemorialDriveSouthanda forested slope, plus
someresidentialpropertieslocatednorthof South 196thStreet. The bufferto the
southis contiguous,witha forested slopeextendingfrom South 196th Street to the
wetland. The eastsideof thebufferoverlapswithWetland B, whichis contiguous
withWetlandA andisthe portionof the wetlandwithinthe Tyee Golf Course.

3.3.2 WetlandB

Wetland B is9.8 acresinarea, locatedentirelywithintheTyee Golf Course. It has
onlytwoclassesof vegetation,butsince it is hydrologicallyconnected to Wetland A, it
is ratedas a Class1 wetland. Wetland B is a palustrineemergentwetlandwith a
scrub-shrubcomponent. It receiveswater fromthe westforkof Des Moines Creek,
localrunoff,andgroundwaterexchange. Wetland B iscontiguouswithWetland A at
the eastsideof the NorthwestPonds. The boundarybetweenthe two wetlands is not
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ecologicalas muchas oneof a changeinlanduse, WetlandB beinglocated entirely
withinthegolfcourse. Thisboundaryis appliedfor the convenienceof calculatingthe
area of the wetlandcurrentlyin useas a golfcourse. The surfacewaterconnection
betweenthe twowetlandsis thewestforkof Des MoinesCreek,whichflowsout of
the NorthwestPondsand throughthe golfcourse,bisectingWetland B. Duringmuch
of the year, floodingextendsbeyondthe pondedge of Wetland A andintoWetland B,
connectingthe two.

Veoetation
• Therewasno Canopyinthe wetlandstudyplot(DP-7). The dominantunderstory •

• specieswas Sitkawillow(Sai/xsitchensis). The dominantspeciesinthe herblayerwere
so_rush(Juncuseffusus)andsmall-fruitedbulrush(Scirpus microcarpus). Other
specieswithinthe plotincludedsawbeaksedge (Carex stipata), birdsfoottrefog(Lotus
corniculatus),andcattail. Sincemorethan 50 percentof thedominantspecieshavea

facultative,facultativewet, orobligatewetlandplantstatus,this studyplotsatisfiedthe
hydrophyticvegetationcriterion.

The wetlandstudyplotdescribedabove(DP-7) was representativeofthewetlandplant
communityon unmaintainedportionsof the golfcourse,suchas alongthe streamand
the NorthwestPonds. However,mostof the area includedinWetland B iswithin
maintainedfairwaysofthe_golfcourse.As a result,the predominantvegetationinthese
areaswasturfgrass. Vegetationwasnotthe basisof wetlanddeterminationsin these
areas.

Therewasno canopyor understoryvegetationin the uplandstudyplot(DP-8) adjacent
to WetlandB. Sincethe plotwasina golfcoursefairway,the dominantspeciesinthe
herblayerwas turfgrass. No attemptwas madeto identifythe mowedgrassbecauseit
wase_rely maintainedandnota resultof wetlandpresenceor absence. Thisstudy
plotdidnotsatisfythe hydrophyticvegetationcriterionbecausethe grassspeciesofthe
maintainedfairwayhadan arealcoverageof 100 percent,andno otherhydrophytic
vegetationwasfound.

Soils
The soilin the wetlandstudyplotwasa black(10YR 2/1)muckfrom0 to 18 inches.
Sincethesoilhada lowchroma,the studyplotsatisfiedthe hydricsoilcriterion.In the
adjacentuplandplot,the soilwas a darkbrown(10YR 3/3 dry)fillfrom0 to 18 inches.
Sinceno indicatorsof hydricsoilswerefound,the studyplotdidnotsatis_ the hydric
soilcriterion.

Areasof the golfcoursethat werelaterincludedinWetland B asa resultof the field
work withParametdxhadsoilssimilarto those foundin the data plotdescribedabove
(DP-7). Soil corestakeninfairwaysfromthe westsideofthe wetlandhada surface
layerof blackmuckovera layerof darkbrownpeatymuckto a depthof 20 inches.Soil
corescloserto the approachlightroadhada surfacelayerof dark brownpeatymuck
overa layerof dark grayclaywithbrightmottlesto a depthof20 inches. Somecoresin
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thisarearevealeda subsurfacelayerof lightgray sillresemblingdiatomite. Upland
areasadjacenttothe fairwaywetlandareaswere comprisedoffillandhadsoilssimilar
to thoseof theuplanddataplotdescribedabove(DP-8). I

Hvdrolocw
In the wetlandstudyplot,the soilwassaturatedto the surface,andstandingwaterwas
presentata depthof 1 inchbelowthe surface. Sinceevidenceofhydrologywas
presentduringthe growingseason,the studyplotsatisfiedthe wetlandhydrology
criterion.

.° i" "" , - :'" '"" ;" " " " " " " " _.

In the adjacent.uplandstudyplot,a well-drainedportionof thegoffcoursefairway,there
wereno indicatorsof wetlandhydrology:

The manipulationof drainageon the golfcoursemadewetlanddeterminationsinthe
fairwaysparticularlydifficult.In muchof the fairwayareaon thewest sideof WetlandB,
wetlandhydrologywas notobservedduringthefieldvisitsinJune1998. However,early
in the growingseasonin 1999,waterwasfoundstanding1 inchbelowthe surface. In
the fairwayclosestto the approachlightroad,drainagehadbeenmanipulatedwithdrain
blesto the extentthatduringthe June1998 fieldvisits,fieldindicatorsof wetland
hydrologywerenotobserved.Earlyin the growingseasonin 1999, however,waterwas
found1to 12 inchesbeloW',,the surface. Basedonthe fieldvisitsinearly1999, SWEES ....
andParametrixecologistsconcludedthat the manipulationof wateron the golfcourse ;i i
hadnotbeensufficientto removewetlandhydrologycompletelyfromthe fairwayswest '-
of the approachlightroad. As a resultof satisfyingthe hydrologycriterion,these areas
wereincludedinWetlandB.

WetlandDet,erminetion
The WetlandBstudyplotwas determinedto be wetlandbecauseit hashydrophytic
vegeta'tlon,hydricsoil,andwetlandhydrology,meetingallthree criteria.The adjacent li
uplandstudyplotwas determinedto be a non-wetlandsincethe vegetationcriterionwas
notapplicableandno othercrlledaweremet.

Someof the fairwaysofthe golfcoursewerenotdeterminedto be wetlandduringthe
June1998 fieldvisitsbecause,eventhoughthe vegetationwas maintainedturf grass
andorganichydricsoilswere present,noindicationsofwetlandhydrologywere found.
Thesefairway areaswere laterdeterminedto be wetlandandincludedinWetland B
whenwetlandhydrologywasfoundduringfieldvisitseadierinthegrowingseason.

WetlandClassification
Wetland B isa palustrineemergentwetlandwitha scrub-shrubcomponent (Cowardin
et aL, 1979). Basedonthe wetlandclassificationsystemusedby the Cityof SeaTac,
WetlandBwouldbe classifiedas PEM/PSS, sincebothcommunitiesare present.
WetlandB isratedas a Class1 wetlandbecauseit is hydrologicallyconnectedto
WetlandA. The distinctionbetweenWetlandA andWetland B isin fact one of
convenience,basedprimarilyon WetlandBbeingwhollywithinthe Tyee GolfCourse.
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As withWetlandA, WetlandB requiresa 100-footbuffer,accordingto SeaTac Municipal
Code15.30.290.

WetlandBuffer

The 100-footbufferrequiredaroundWetland Bis borderedon three sides by the
fairwaysof theTyee GolfCourse. On the west side, the wetlandis contiguouswith
the NorthwestPondsof WetlandA, theboundaryat this pointappliedfor the con-
venienceof calculatingwetlandacreageon the golfcourse. Des MoinesCreek
bisectsthewetlandand flows throughthe buffer on the downstreamend. On the
upstreamendofthe wetland,the bufferovedapswithWetlandA.

3.3.3 WetlandC

WetlandC is 0.8 acresinarea, locatedentirelywithina ditchthat runsparallelto
16thAvenueSouthfrom the centerof WetlandA. It hasonlyone classof vegetation,
butsinceit is hydrologicallyconnectedto WetlandA, it is ratedas a Class 1 wetland.
WetlandC isa palustrineforestedwetland. It receiveswaterfrom localrunoffand
stormwaterinputsfromtheairport. WetlandC is connectedto Wetland A via a culvert
underan accessroadto the airport industrialwastewatersystem. Wetiand C appears :
to bea remnantof historicwetlands,beingdefinedcurrentlybythe fillprism of
commercialandairportdevelopment.

Veqetation

The dominantspeciesinthe canopyofthe wetlandstudyplot(DP-9) was cottonwood.
The dominantunderstoryspecieswas Oregonash(Fraxinuslatifolia). The dominant
speciesinthe herblayerwasOregonashseedlings.Otherspecieswithinthe plot
includedWatson'swillow-herbandtracesof ladyfern. Sincemorethan 50 pementof
the dominantspecieshavea facultative,facultativewet, orobligatewetland plantstatus,
this studyplotsatisfiedthe hydrophyticvegetationcdtedon.

The dominantspeciesinthecanopyof the uplandstudyplot (DP-10)adjacent to
WetlandC wascottonwood.The dominantspeciesintheunderstorywas Himalayan
blackberry.The dominantspeciesintheherb layerwasfieldhorsetail(Equisetum
arvense). Alsopresentwere IndianplumandScotchbroom(Cytisus scoparius) in the
shrublayerandtracesoftrailingblackberry(Rubus ursinus),Englishivy(Hedera he�ix),
andswordfern (PolysO'chumrnunitum)intheherb layer. The hydrophytlccriterionwas
notsatisfiedin the uplandstudyplot.

Soils

The soilinthe wetlandstudyplotwasa verydarkgray(10YR 3/1) siltloam from 0 to
4 inches,overlayinga white(GleyN 8/) sandfrom 4 to 18 inches. Since thesoilhada
lowchroma,thestudyplotsatisfiedthehydricsoilcriterion.
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In the adjacentuplandplot,thesonwasa verydarkgrayish-brown(10YR 3/2) gravelly
sandmad fillfrom0 to refusalat 4 inches. Sinceno indicatorsof hyddcsoilswere
found,thestudyplotdidnotsatisfythe hyddcso, criterion.

Hvdmlo
Muchofthe groundsurfaceofWetland Cwas inundated.Inthewetlandstudyplot,the •
sol-wassaturatedto the surface,andstandingwaterwaspresentat a depthof 2 inches
belowthe surface.Sinceevidenceof hydrologywas presentduringthe growingseason,

• the studyplotsatisfiedthe wetlandhydrologycriterion.• . ..
. - : ..,.: ,. . ........ .

• In the adjacentuplandstudyplot,on the sideslopeOfthe ditch,therewere no indicators
of wetlandhydrology.

WetlandDetermination
_ The WetlandC studyplotwas determinedto bewetland becauseithas hydrophytic

vegetation,hyddcsoil,andwetlandhydrology,meetingallthree criteria. The adjacent
uplandstudyplotwasdeterminedto be a non-wetlandbecauseonlyoneof three cdteria
was meL

WetlandClassification
• WetlandC is a palustrineforestedwetland. It isoveroneacrein area and hasone --.

classof vegetation.WetlandC is ratedas a Class1 wetlandbecauseit is hydrologically _i-_
connectedto WetlandA, thereforerequiringa 100-footbuffer.

WetlandBuffer

The 100-footbufferrequiredaroundWetland C is borderedon the west by
16thAvenueSouthandcontiguouswiththe roadembankmenL On the east side,the
buffer isborderedby a holdingpondofthe airportindustrialwastewater system,which
is clearedof vegetation.

3.3.4 WetlandD

Wetland D was notdelineatedinthe currentstudy,but itsflagged boundarywas
found in the courseof delineatingWetlandA. itextendsnorthfrom Wetland A lags
A-136, onthe east side ofthe ditch,andA-138, approximately50 feet to the west of
the ditch,WithA-137 markingthe west sideof theditch. FlagA-138 correspondsto
flagS-129 in the previouslyflaggedbounda_. Informationon this wetland willbe
reportedas it becomesavailable.

WetlandD is4.1 acres inarea,located entirelywithina ditchthat runs parallelto the
runwayson the east side,and is borderedby theairportindustrialwastewater system
holdingpondto the West. It extends northfromthe northeastcomer of Wetland A. It
has onlyone classof vegetation,but sinceit is hydrologicallyconnectedto Wetland A,
it is ratedby .KingCountyas a Class 1 wetland. WetlandD is a palustdnescrub-
shrubwetland. It receiveswaterfromlocalrunoffandstormwaterinputsfrom the
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airport.WetlandD is connectedto WetlandA via an openchannelandflowsintothe
easternpondof the NorthwestPonds(WetlandA). WetlandD appearsto be a
remnantof historicwetlands,beingdefinedcurrentlyby the fill prismof airport
development.

Veqetation
The canopyofWetlandD isdominatedbyScoulerwillow,withcommonreed
(Phmgm#escommunis)intheunderstory.The herblayeris mostlybaresandysoft,with
somegrassespresent.

, -/.'. "...' . ,-..I ;... .. .: . ." . . . ".-; ". ;: . .. . .

The dominantspeciesinthe filladjacentto WetlandD aresimilarto those in the vicinity
ofWetlandC, withcottonwoodandredalderin the canopy,andHimalayanblackberry
andScotchbroominthe understory.

Soils
Thetoplayerofthe soilinWetlandD is'comprisedof sandandsill The probablesoils
are lowchromasiltloamandsanddeposits.

In theuplandareaadjacentto WetlandD,soilsare likelyto be consistentwithroadfill,
beingcompactedgravelandsand.

Hydroloqy
Basedon waterlevelsobservedin the downstreamendof WetlandD,sectionsthat are
furtherupgradeareexpectedto be saturatedto the surfaceduringtheeadygrowing
season.Duringa January1999 sitevisit,waterwas flowingfrom thestormwateroutfall
intheuppersection,and muchof thegroundsurfaceofWetlandD wasinundated.

Intheuplandfill,whichformsthe sidesof Wetland D, nowetlandhydrologywouldbe
expected.

WetlandDetermination
Basedonconfirmationof the flaggedboundariesobservedat the downstreamendof the
WetlandD channel,andgiventhatthe entirearea in questionis restrictedto a wideditch
for itsentirelength,itseemslikelythatallthreewetlandcriteriaare met. It is alsolikely
the filledarea formingthe sidesofthe ditchare non-wetland,evenwiththepossibility
that the vegetationishydrophytic.

WetlandClassification

WetlandD isa palustrinescrub-shrubwetland. It isoverone acre inarea andhasone
classofvegetation.Wetland D isratedas a Class 1 wetlandbecauseit ishydrologically
connectedto WetlandA, thereforerequiringa 100-footbuffer.
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The 100-foot buffer required around Wetland D is bordered on the west and no'J1 by
a portion of the airport industrialwastewater system, which is cleared of vegetation.
Its southern border is a fairway of the Tyee Goff Course, and the east side abuts the
southernmost runway of the airport.

1

Table 3: Wetland Determination Sample Plot Results, Des Moines Regional
Detention Pond, CIP #1A1767 J

" PLOT.. VEGETATION :. _311_.--_ .i NYDROLOGY" DETERMII_IATION--: i
I I I I

DP-1 Hydrophytic Hydrio Observed Wetland i

DP-2 Hydrophytio Non-Hydric NotObserved Non-Wetland

DP-3 Hydrophytic Hyddc Observed Wetland

DP-4 Non*Hydmphy'dcNon-Hyddc NotObserved Non-Wetland

DP-5 Hydmphytic Hydric Observed Wetland

DP-6 Hydrophytic Hydric NotObserved Non-Wetland
f 't

DP-7 Hydrophytic Hydric Observed Wetland •I' " -- '

DP-8 NotDetermined Non-Hydri¢ NotObserved Non-Wettand

DP-9 Hydmpl_ytic Hydric. Observed Wetland

DP-IO Hydrophytic I Non-Hydric Not Observed Non-Wetland

" = Thenotation"Observed"includescaseswhenonlyfieldindicatorsof hydrologywere present;
thenotation"NotObserved"indicatesthatneitherhydrologynorfieldindicatorswereobserved.

4.0 WILDLIFE

Use of the sitewetlands by wildlife is probably moderate but locally significant. The
wetland/upland habitat complex is located in an industrializedarea near major arterials
and the airport,which limits its use as refuge for many species. However, with the fact
that it is a parcel of remaining open space in an otherwise highly developed area, the
site as a whole providescover, forage, and nesting and rearing habitat for several
species of birds, small mammals, reptiles, and invertebrates.

The followingspecieswere either observed or their sign was found on-site during field
visits: common garter snake (Thamnophis s/rta//s), bullfrog(Rana catesbiana), moles
(Scapanus spp.), voles (Microtis spp.), riverotter (Lutra canadensis), raccoon (Procyon
Iotor), Virginia rail (Ra/lus limicola), Canada goose (Branta canadensis), red-tailed hawk
(Buteo jamaicensis), killdeer (Charadr_us vociferus), great blue heron (Ardea herodias),
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violet-greenswallow(Tachycinetathalassina),barnswallow(Hirundo rustica), winter
wren(Troglodytestroglodytes),Amedcanrobin(Turdus migratofius),Swainson'sthrush
(Catharusustulatus),black-headedgrosbeak(Pheucticusme/anocepha/us),yellow-
headedblackbird(Xanthocepha/usxanthocephalus),red-wingedblackbird(Agelaius
phoeniceus),red.breastedn_ (Sirracanadensis), rufous-sidedtowhee(Pipflo
erythrophthaimus),songsparrow(Melospizamelodia), andhousefinch(Carpodacus
mexicanus).

In thespringof 1995 and 1996,a consultantto thePortof Seattlesurveyedthe
NorthwestPondsforthepresenceofamphibians.Standardizedmethodswere usedto
samplefor vocalizingandnon-vocalizingfrogsandtoads,aswellas for salamanders.
Bothadultandjuvenilebullfrogswere found. No other amphibianswerefoundduring

•. the survey. _

5.0 PROJECTIMPACTS

Ecologicalfunctionsandvaluesperformedbywetlandsincludewaterquality
improvement,floodflowmoderation,biologicalsupport,groundwaterexchange,and
culturalandrecreationalvalues.

Allwetlandswereevaluatedfor functionalvalues,andthe resultswerecompiledina
singleassessmentforthe entiresite(AppendixC). Currentfunctionalvaluesofthe
wetlandsaresummarizedinTable4.

Althoughit is stillindraftform, ESU alsoappliedthe WashingtonStateWetland
FunctionalAssessmentMethod. Thismethodiscurrentlybeingtestedandevaluatedby
the WashingtonStateDepartmentof Ecology. Ingeneral,the resultsof the Washington
State Methodweresimilarto thoseobtainedthroughthestandardmethodused by
SWEES(Reppertet al., 1979). Evaluatedas a depressionaloutflow,the sitewetland
rankedhighin functionsthat improvewaterqualityand providesuitablehabitatfor birds,
fish,invertebrates,andplants.An interestingexceptiontothe habitatsuitabilitywas that
for amphibiansitwasassessedas zero. Resultsfromthisassessmentare attachedin
AppendixF.

Table4: WetlandFunctionalValues,Des MoinesRegionalDetentionPond,
CIP #1A1767

-" W1ETLANDFUNCTIONAL VALUES.

Wetland WaterQuality Rood Row Ground- Cultural/
Improvement Moderation BiologicalSupport water

Exchange Recreational

Habitat Productivity

Overall M-H H M-H M-H M-H L

L = Low;,M = Moderate;H = High
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5.1 WATER QUALITY

Through a variety of physical,biological,and chemicalprocesses,wetlandsfunctionto
purifywaterbyremovingorganicandmineralparlJculatematterandwaterborne
pollutants.Waterqualityimprovementoccursas a resultof the naturalprocessesof
sedimentation,ion exchange,algalandbacterialdegradationof pollutants,aerobic
decomposition,particulateabsorptionandadsorption,andnutrientuptakeand recycling
(Repperteta/., 1979).

• The sitewetlandshavethe potentialto improvewaterqualitydue to theirdepressional
.topography,constrictedoutle*.,andfairtydensevegetation.Theperformanceof this
:functionismoderateto high,,dueto the inputsofsedimentandpollutantsfromthe runoff
and_ormwaterof thesurroundingarea. This ratingdoesnotaddressthe otherwater
qualityconcernsassociatedwiththe highlevelsof nutrientsfoundinthewetlands,such
as lowdissolvedoxygenlevelsin Des MoinesCreekclownstreamof thewetlands.

5.2 FLOODFLOW MODERATION/STORMWATER

Wetlandsmoderatefloodflowbytemporan'iystoringfloodwaters,slowingflood
velocities,andreducingfloodenergy. As a result,floodpeaksare desynchronizedand
reduced,whneflowdurationisincreased.The storagecapacityand the surface ._.
roughness(typeandamountof vegetation)of wetlandsare importantvariablesinthe _
abilityofa wetlandto performthisfunction(Reppertet al., 1979;Satherand Smith, -'
1984). Inwatershedswherewetlandshavebeenlost,floodpeaksmay increasebyas
muchas 80 percent(Adamusand Stockwell,1983).

I_rge amountsof persistentvegetation,positionintopographicdepressions,large
wetlandsize,andproximityto urbanareasarefactorsthat can enhance inherentab=lity
andopportunityto performthe floodflowmoderatior function.

The valueforfloodflowmoderationforthe sitewetlandsishigh. The large sizeof the
wetlandsandtheirhighpositioninthe urbanizedwatershedincreasethe opportunityto
performfloodflowmoderation.

5.3 BIOLOGICALSUPPORT

The biologicalsupportfunctionofwetlandsismuitifacated.Theyprovideimportant
wildlifeandplanthabitat,may be abundantlyproductive,andprovideexportof vital
nutrientsto downstreamorsurroundingareas. Wetlandsprovideessentialhabitatand
foodfor wildlifespecies;biologicalsupportof fishandwaterfowlis of particulareconomic
andrecreationalvalue.

The numberof plantspeciespresent,the arrangement(layering,density,and pattern)of
the vegetation,andthe numbersofdistinctvegetationtypesall influencehabitatvalue.
Forexample,forestedwetlandswiththreedistinctlayers(overstory,shrub layer,and
herbaceouslayer),wetlandswith morethan onevegetationtype (forexample,forested
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and scrub/shrub),andwetlandswitha well-vegetatedbufferatthewetland/uplandedge
(ecotone)all providea diversityof habitats.

The sitewetlandsoverallhavea moderateto highvalueas wildlifehabitat. WetlandA
hasa highervaluethanWetlandBdue to itssizeandopenwatercomponent.All the
wetlandsexceptBhave a highplantstructuraldiversityandhabitatfeaturessuchas
snags,woodydebris,andshrubbycover. The sitehasbeensubjectedto periodic
disturbanceas developmenthasprogressedinthesurroundingproperties,resultingin
habitatdetractionssuchas broadareasOfHimalayanblackberry.However,because
thewetlandsare connectedto otheropenspace.thatisnearlysurroundedby.
development,they serveas oneofthe few remainingrefugesforwildlifeinthe area.

The productivityfunctionofwetlandsisgenerallyevaluatedbyproductionof above-
groundbiomassandnutrientexport.The productivityof thesitewetlandsmay be
moderatedby the amountof openwatercomparedto densevegetationin relationto the
sizeof thewetland,buttheopportunityforexportof nutrientsis highdue to the presence
of surfacewaterconnectionsoff-site.

Thevaluefor overallbiologicalsupportfor thewetlandson-siteismoderateto high.

5.4 • GROUNDWATEREXCHANGE

GroundwaterexchangeConsistsof bothgroundwaterdischargeandgroundwater
recharge.Groundwaterrechargereplenishesgroundwaterstores,whilegroundwater
dischargenotonlycreatesandmaintainswetlandsbutcan alsomaintainstrearrdlows,
supportplantandanimalpopulationsinuplandand wetlandcommunities,and provide
surfacewaterfor multipleuses(SatherandSmith,1984). The bestevidenceto date
suggeststhat wetlandsaregenerallydischargeareas. However,somewetlandsare
rechargeareasandsomewetlandssupportbothfunctionssimultaneouslyorat different
timesof the year(SatherandSmith,1984). The permeabilityof underlyingsoilsand the
locationof the watertabledeterminea wetland'sgroundwaterexchangecapacity.

It issuspectedthat undevelopeduplandareasaremoreefficientgroundwaterrecharge
areasthanwetlandareas. The rationaleforthis assertionisthat soilsundermost
wetlandsare relativelyimpermeable,which isonemasonwhystandingwater is present
to beginwith(MitschandGosselink,1986). It hasthereforebeensuggestedthat
groundwaterrechargeoccurringinwetlandsisassociatedwithuplandboundariesof the
wetlands.In the few studiesavailable,rechargewas relatedto the wetlandedge-to-
volumeratio,so that smallwetlandsmaymakea disproportionatelygreatercontribution
to groundwaterrechargethan largewetlands(Weller,1981,quotedinMitschand
Gosselink,1986).

Groundwaterexchangevalueof the onsitewetlandsis moderateto high. Sincethe
wetlandsaremaintainedthroughsurfacewaterinputandnotprimarilygroundwater
connection,they performa groundwaterrechargefunction.The opportunityto perform
thisfunctionis increasedbythenumerousstormwaterinputs,coupledwiththe
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constrictedoutletandpeatsoils. Duringdrymonths,thewetlandshouldperformthe
groundwaterdischargefunctionas thepeatsoilsreleasemoisture.Dischargeis
probablymoderated,however,by the factthatmuchof the peatarea iswithinthegolf
course,and, lacking.plantcover,losesitsmoistureto evapotrenspimtion.

5.5 CULTURAL/RECREATIONAL !,

Wetlandculturalandrecreationalvaluesare relatedtothe quantitativeand qualitative
benefitsthey provide.Wetlandshavebeensetasideforscientificstudy,education,and
the protectionof aquaticandterrestrialhabitats.Somewetlandsare important
archaeologicalOrhistoricalsites;othersproviderecreationalopportunitiessuch as bird
watching,hiking,photography,boating,fishing,andhunting.

Wetlandsprovidebothconsumptiveandnon-consumptivesocioeconomicvalues.
Consumptiveusesincludeharvestableresourcesproducedin associationwithwetlands,
suchas commercialfisheries,renewableresources,andagriculture. Non-consumptive
usesincludescenic,recreational,educational,aesthetic,archeological,heritage,and
historicalvalues.

Theonsitewetlandshavea lowratingforculturalvaluesanda lowvalue forrecreational
opportunity.Thesitelacksattributessuchas plantdiversity,commercialfisheries,and -
his_odcsites,whichwouldincreasetheculturaland socioeconomicvalues. The _
recreationalopportunitiesthat existon-site,suchas birdandwildlifeviewing,wouldbe --
enhancedifpublicaccesswere provided,butcloseproximityto the southrunwayof
SeaTac InternationalAirportmakesthisimpracticalandundesirable.

6.0 STREAMS

The west forkof Des MoinesCreek(WRIA 09.379) daylightsto the northwestof
WetlandA andthenflowsina ditchedchannelapproximately300 feetbefore entering
the wetlandat the NorthwestPonds. The streamflowsfi'omthe outletof the Northwest
Pondsatthesoutheastcomerof WetlandA. BisectingWetland _, the streamjoinsthe
eastforkof Des MoinesCreekwhilestillonthe Tyee GolfCou._, then flowsunder
South200thStreet. The lengthof the streamfromthe outletoTme NorthwestPondsof
WetlandA totheculvertunderSouth200thStreetis approximately2,400 feet. This
reachofthe streamisentirelywithinthe golfcourse.

The streamisin a ditchthroughthe golf course. Mostof the stream has no buffer
vegetation,as fairwaygrassis maintainedup to the ditch. There is a narrowforested
bufferjustbeforethe streamleavesthe golfcourse,andSitkawillowis established
withinthechannelin other sections.The gradientthroughoutthe golfcourse is
1 to 2 percent,andthe entire channelischaracterizedas low gradientrifflesand slow
glides. The substrateis comprisedalmostentirelyof siltsandfine sand. The channel
has no woodydebrisand littlewoodyvegetationalongitsbanks. Despite its current
conditionandvery lowwater qualityduringthe summermonths,residentcutthroat
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trout (Oncorhynchusclario')havebeenfoundin portionsofthis channel(Alan
Johnson,P.?monal communication).

A completestreamsurveyof Des MoinesCreekwillbe presentedunderseparate i
cover.: "- - -::'-: . ..... :

• . ... . .... : . ".

• .. .- . .-....... ,:. -:;- .-_ ._ .. • ....

• .
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r +;-,site fravelly study los•. lS to 30 per:ent Bel-lin_hm silt loam CBh).--AreAs of _hi• soil
s_o+es (BED).--Areas of t/_s soil a_e l0 &c_es o_ a_e_scmevnl: rounded and elongated and range _-om 1
_ in size. Slopes are long. Ca _he east side of :o 40 acres in size. Slopes are less _han 2 per-

Squak Moan:gin, sou_h c_ I•saquah, and on _.he nor_ cent.
side of Tiger Mountain, eas_ o£ Issaquah, slopes are P_prcson_ative profile o_ |ellingham silt loam,
as steep as S0 percent. £n pasture, 600 feet north and 6S0 feet east of r_e

Some areas are up co 20 perce_= included Alder- •ouy.h quarce= eor_er of sec. 10, T. 24 N., R. 6 E.:
wood •oilso vhich have • consolidated subs:rz_um,

and 0roll soils, vhich are underlain by andesi_e; Ap--0 to 11 inches, very dark bro_ (10T_ 2/2] sil:
some are up _o 5 percent :he vec No, at and Sea,ale lea, grzySsh brown _10YR S/2) dry; common,
soils; some a_e up =o S percent Semasite soils _ha= fine, dis=£nct mot_les, brownish Fellow (10YR
have a gravelly loan s_fzce layer and subsoil; 6/6) d:_; modez-zte, medium, _b struc-
and some are up to I0 pe_cen_ soils chat are s_lar _zre; ha_d, friable, slightly sticky, slightly
• o Bezusite soils, but are more _han 40 inches deep plastic; many roo_s; medi,_ acid; abrtrp_,
over sandstone. On the eas_ side of Squak Hounca£n, smooch bounda_. 12 to 20 inches r_ick.
sou_h of Issaquah, and ou the north side og Ti_er BI°*I1 _o 14 inches, olive-gray (57 S/2) loamy sand.
Mcun_c_n, east o£ Issaquab, are included •tees vhere light Z_ay (SY 7/2) d_; massive; hard, very
slopes _ as stee_ as 50 perce_:. _'iable, nonsticky, nonplzst£c; common roots;

P_ulo£_ is rz_id and the ha:a_d o_ eros$on is medium acid; clear, s_oo_h boundary. 0 to 3
severe, inches thick.

This soil is used for _er and pas_e. Cap•- S2_--14 _o 60 inches, gray (N S/0) silty city loam;
bili_y tuu_ Vie-2; woodland group 3all. many, medium and large, prominent, strong-

brown mottles, light gray (SY 7/1) and
Beau•Sic _ravelly sandy loan, 40 _o 7S _ercen_ Fellow flOYR 7/8) dry; massive; hard,

slopes (BEY).ooTA_.S so_.l _s SML_la_ _.0 lSea_s_ce fib-m, sticky, plutic; fev roots; neutral.
_a---'_'_l)' sandy loan. 6 _o 1S percent slopes, but is
commonly sha_lover eve: sand•cone. The depr_ :o The A horizon ranges _rom black to very dark
sandstone _s co,only 20 Co 30 inches, but in places grayish brown. The B hori:on £s _ra)_Lsh browne
is as _ch as 40 inches. Slopes are convex. A_eas olive _ray, or gray. Ic is mostly silty clay loa_
are irr.e_ularly shaped and range _om 100 _o abo_t and heavy s£1t loan. There are a few chin layers
600 acres in size. of loa_/ sand and sandy lo_.

Soils included v_th this soil in mapping make up Included in mapping were small areas of Alder,
no ,.ore _han 40 per-ent of the :oral acreage. Some wood, Evere_, and Seattle soils. Total inclusions
a_eas are up to l0 percon_ A_derwood soil_, which do not exceed IS percent of _e total acreage.
have a consolidated substra_z_; some are up to 10 Pe_eab_lit_/ is slow. In drained areas, roots
percent Ovall soils tha_ are 20 to 40 inches deep penetrate _o a depth of 60 inches and more. In
over weathered andesite and have slopes of 30 _o 7S undrained areas, effective rooting depth is restric
percent; some isolated a_eas are up _o 25 percent ted because _he seasonal wa_er table is near _he
rock outcrop; and some are up to 20 percent _eausite surface during the rainy season. The available
soils r_a: have milder slopes, water capaci:_ is high. Runoff is slow, and _he

Pamof, _ is very rapid, and the "hz:ard o_ e_sion is hazard o_ erosion is slight.
very severe. Th_s soil is used mostly for peso•re. A fev

This soil is used for t_ber. Capability/ tmi_ areas are used for row crops. Capabili_y trois
Vile-i; woc_:fland group _dl. IIIw-2; _modland group 3w2.

Bellin_hm Series BrLscot Series

The 8riscoc series is made up of somewhat poorl)
The Sellinghmu series is made up of poorly drained so£1s. These soils formed in all•virus,

drained soils _hat formed in a'lluvium, under _rass under conifers and grass in river valleys. Slopes
and sedges. These soils are nearly" level and are are less than2 percent. The annual precipi_a_ion
mostly in. depressions on _he upland glacial r.ill £s 35 _o SS inches, and the mean.annual teaaperacu_t
plain. The annual precipitation is _S to SS inches, £s about S0" F. The frost-free season is •boas 20_
and r_e mean annual air teleran•re is about SO" F. "da_s. Elevation ranges _rom abou_ sea level _o 85
The fros_-free season ranges grin 1S0 to 200 days. feet.
Elevation ranges _rom abou_ sea level to S00 feet. In a represenca_ive profile, _he surface layer :

In a representative profile the sur_.ace layer is. dark _rayish-bro_n silt loan about 9 inches thick.
very dark brown silt loam about 11 inches _hick. The subsoil is moc_led grzy£sh-bro_ and dark*gray
The subsoil is mottled r_zy sil_y clay loa_a about 49 s_ra_ified fine sandy loan, sil_ loam, and _ine s _"
inches r_ck. to a depth of 60 inches or more.

Bellingha_ soils are used chie_'ly for pasture Briscoc soils are used for row crops and seeded
and occasionally for row crops, grass pasture and for urban development.

12

AR 042042



and rrus on v_lley flooTs in _he v_c_n_'/ o_ Nor_ _ve_e=t Series
Band. Slopes are 0 co 3 percent. The an=uzl Frm-
r_£cz:Lon Ls 70 co 80 inches, and _.he mean amzzzzl The |ve_ecc se_-les is made u_ o£ somewhat e_=es-
_mmpe_cu_ is _t SO" F. The _-osto,_ree season sLvely d_-&ined •oils chat _re unde.-la_n by ve_-_
is abou_ 130 days. Elevation _-snges _T.c_ 400 _o 500 r_zveZly sand st • depC_ of 18 to 36 inches. These
£_t. •oils £o=med in Yea7 rrzvelly Zl&c£a.l ou_wash de-

In • reFreson_tve F_oflie0 _he su_zce layer Ls posi_s, undzr conifrcs. They _e on te_:_:es s_d
re;M/ d_rk _rzyd.sh=b_vn to dz_ _ayish-b_n f.ine ce=':lce :l_'onCs a_d are zentiy undulz_._ng and nod-
sandy loan th&_ e_cends to • depth of abcn_ 34 _ely steep. Slopes _e 0 Co 30 _'¢eut. The
inches° The underlying layers _e black _avelly _ l_rec_p£czcion Ls 3S co 60 inches, and the
sand and _avelly sandy loan thz_ e_cond co • dep_ nun ,,m_l _Lr _e=pe_z_nz_e _s _o_ SO" F. The
o_ 60 inches o_ _oz_. _-ost-_-_ee season nn|es ,_, ]30 _o 200 days.

Edgew£_ soils _e used for putu_e. £1evz_on _anlZes _ 8bout sea 1owl _o S0O _ee_.
Zn& =_en_tive F_=£:_le, ".he siz_ace lsyer

Ed_k _ne sandy Iota _d).-*T/_s soL1 t.5 and s_bso£1 _ biacX Co.b_, _welly co very
sligac_ convex or level. _eas _ _-_ezulz_ in _zveIly sandy loa shout 32 inches tk_ck. The
shape and _znze _o= S _es t_ mo_ _n 300 •c_-es subs_z-z_ e.x-cends¢.oa dep_.h o£ 60 L_c_es .or modem.
in size. Slope _s less _h,_ 3 pe_:z_C. It _s Imlcd_c_lored bl&_c Co _y ve_ r_velly sand

P_p_sen_ztive profile o_ Edgew_ck fine sandy (pl. I, le_t).
1o,_, in ],LSCU=e, 1,450 feet east ond 2,O00 £eet Eve_=t •o£1s m used _or _be_ and p_s_e &n_
sou_h o£ _he west quarter c_c_er of sec. 13, T. 23 _c_ u_an deveZc_menc.
8., R. 8 _.:

Eve_et_ Fave12_ sand_ loan, 0 Co S pe_en_
Ap--0 _o 9 inches, ve_-y _k STsy_sh-bro_<r_ (10Y_ slopes (Eva).--'_A_s ne_ly level co very gently

3/2) fine sandy loan, _eyish b_ovn (10_ _=_ng soil £s on te_-_c, s. Az'eu an l_'eFlc
S/2) dry; wea_, f_e, i_an_l_ s_uc,:u_e; _ shape and range _-_omS ac_es co note tha_ 200
Sligh=ly ha_d, ve.-y _ia_le, nons_*c_y, non- acres in size.
plastic; many _oots; sc_ngly zc_d; ab_-'pt, _ep_sentative p_ofile of Ev_ret_ _'zvelly sandy
s=ooth boundary.. 8 :o 11 £nches thick, loa_, 0 to S pe_=enc slopes, in fo=est, 450 _ee:

CI--g co 34 £nches,'&t_k r:ay£sh*b_ov_ (2.SY d/2) ves_ and 230 _ee_ no_ o_ _h- southess_ co_-_er o_
and ol_ve-_:_n (2.$Y 4/4) _ine s_nd), loam, se:. 30, T. 22 K., K. " £.:
_ay_sh brown f2._Y S/2) d:-/; _zss_ve; solo,

ve_/ _-_iable, nonsc_cky, nonplutio; common 01--1 co 314 inch, undecc_posed _oots, _lgSo and
_oo_s; ned£_.= acid; a_-_pc, snoo_ bc_n_.--y, moss; •boncLtnc _oocs. 1 co 2 Lnches _Jzick.
24 CO 30 *n_._es Chick. 02--3/4 inch to 0o black (IOYR 2/1),decomposed

IIC2--34 _o 60 _nches, black (SY 212), st_z_ied organiC: a_cter; abundant _oocs. 3/4 o£ an inch
g_avelly sand an_ Z_zvelly sandy go•m, gra)_sh to I 1/2 inches thick.
brown (2.5Y 5/2) d_7; " • so_t, verymasszve, kl--0 co 1.1/2 _nches, black (10YR 211) sandy lore°
£rizble, nonsticky, nonpl&s_c; neutral. r:ay (IOYR 5/1) d;'_; muszve,"• ._oft, ve_-/ fri-

addle, nonsti_J_, r.o_p!:stic; many :oots;
The C horizon ranges E_-onc_=k _ay_sh b_own co sZ_ghcly acid; abrupt, d_s=_nc= b_unda.--y. 0

olive brown. The con_en: o_ r_avel is as much as to I 112 inches _hic_.
I0 pe=¢e_ £n plzoes in _he A horizon •rid *..he C1 B2ir*;1 1/2 Co _7 inches, dzrk-brovn CT.b_R 3/4)
horizon. The IZC horizon, at • depth beZov 32 to _=avelly sand), Iota, .vellovish b_n (IOYR
Z0 inches, _znges £_om d_:k _ay_sh b_own to black 5/4) dry; mzss_ve,"• SO_C, very _rizble, non-
and £rom s=z-z_L_ied sand co fine sandy log= thz_ has stL_ky, nonplucic; many _oo_s; slightly acid;
gravel in some places, clez_, smooth bounda=y. 10 to 18 inches _._iok.

Soils £nolu_ed w_th t_is soil _n mapping m_ke B3--17 co 32 inches, b_ (10¥R 413) very g=avelly
up no =o=e than 13 percent o_ _he =otz2 acreage, s&ndy lo_, pale b_ow_ (10YR 613) d_y; massive;
Some_eu a=e up co 10 pea=eat Nooks•ok and Si sof_, very' _iable, nonscicky, nonplsst_c;soils; some a_e up co S p_rcen: Pilchuck soil•,
which occupy the nzcu_&l levees along strea_s and _y _oo_s ; medi,m acid; clear, wavy bound_-/.8 co 18 L_ches Chick.
the higher swells and undulations; some a=ezs are IIC_032 to 60 inches, black and dark I_z'ay_sh-b_
up to 2 percen_ _e poorly d_a_ned Puget soils; a_d (ZOYR211 and 4/2) ve_, rravelly coarse sand,some are I percent the poorly d_z_ned Seattle soils. _ay, _'sy_.•h brovn, and b=ob_ (IOYR S/1 and

Pe=mezbili_y is :ode_tely rapid. The e££ec_._ve S/3) cL_y; single g=ain; loose, nonsticky,rooting depth iS _es_.cted bF ".,.heg'ravelly sand
subst_ztu=. There is • seuonal high wa=er cable nonplucLc; Eew roots; .medium acid.

at • depth of 3 co 4 _eec. _vailzble water czp&_icy The A holt:on ranges _rom black to d_k mY.
is moderately kigh. _moff is slow, and The e_osion The Sir ho_-iaon ra_nges _rom da_ b_ and b_ovn to
hz=z_L £s slight.. The k_zrd o£ strea_ Ove_rlc_ LS dz_k yellovish b_o_n and the 83 ho=£zc_ Erom bz_m
modera_ e tO severe. _o da=k brovn. The IIC horizon ranges Erom black

This soL1 lsused Eor pas_mre. C_pzbility _it and very dz_ brovn co olive brow, and from very1Iiw-1; voodlznd _roup 2ol.

,_-zN o-_ .= 1S
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ZTavelly c_s=se sand so vexT gravelly loamy s_d. _he p_esenoe of a cmssolicLxted SUbSt:•:_:: •S • depr.h
Depth co T.he IXC ho_on n_ges _zom 18 so 36 of 7 Zo 20 fees. This subs_m is _he saae mzse-
L,sches• =ia_ ss _•t in =he _derwood so£1s.

Some •tees are up co S pe_cens included Alde_wood Sose •tees are up co S peroens included Noraz0
soils, on _he more _olling and undulaT-ing pax'_ of Se•S_.le, and Tukwil• soils, -11 of which are poorlZ
_he l_dsczpe; same 8=e abous $ pe=cont _.he deep, d_z_ed.
sandy lndianol• soils; and sume s_e up co 25 peTcenS _no£_ is slow Co medi_, and _he erosion hz:ard

_eilson vrzT Zx-avelly loaa7 sands• Als.o .inc_ed is sli,h= co moderate.
in mappin£ •re areas where cm_solid_te_ ;-a r.mlZ, Moss of _he acreage is used for _imber• Capabil-
which _c_er_.s_.ic.allT underlies Aldrrwood so£._s, 1%7 u_Lt Yls-I; woodland ][_-oup3f3.
is •s • depth of 5 Co 15 fees•

Pex_eabiI£_ is rapid. The e_ec_ive roo_.ing
dopCh is 60 inches or more• Available w•ser capao- Indianolz Series
it)" is low, _moff is slow, and :he erosion haza.-d
is slight. . " The indianol• sex-los is made up of somewh•s

This soil is used £c_ ciaber and p_scu_e and fc_ excessively era/ned soils uhas fox'reed under can/fe_s
u_ban develop_ens• Capability unis IVs-1; woodland i= sandy, =ecession_, stratified Zla_zl d.-if_•
group 3£3. These undul•sing, rolling, and hummock7 soils tee on" : _. "-sexTaces. Slopes _ 0 CO 30 l_z_:enS• The annual

Everest _rzvelly'sand), loam, S _o "IS _ercent p_ecipi_scion is 30 co $5 inches, 8rid =he mean
(EvC) .,-TeAs soil As roll•mE. Ar_u are .a_.ual xir to•per•cure is abous S0" F. The frost°

z_Tegula_ in shape, have • convex surface, z=d z-•nEe f=ee season is 150 so 210 days. Flora•ion _-Anges
£-rc_ 25 ac=ee so more T.han 200 •ozes in size• Run- from abous sea level I:o 1,000 fees.
off is slow Co mdiu_, and the erosion hazard is In • _opz_sen_ar.ive prof/lo, r.he upper 30 inches
sZLzh_ co mode_zte• • is kro_, dL-k yello_sh-brown, and 1Lghs olive-

Soils inc_uded _th ch_s soil in mapping make ul0 brown Ios_ f_ne sand. This is 'underlain by olive
no more than 25 percen_ of the so_A1 acreage. Some sand ch&C ex_ends co • depth of 60 inches or more
areas a_e up _p ._ percens Alderwood soils, which (pl• l, _ight).
c_'erl_e cc_solidated glacia/ till; some a_ up co lndianola soils are used for simber and f_" u_ban
20 pe='on_ Neiltcm very _avelly loamy sznd; and develolnnen_•
some a.-e abous 1S p_ens included •teas of Eve_e_
soils where slopes are more gentle _han S peroens Indianola loamy, fine sand, d so IS percen_ slo_es
end where they are sseeper than 15 percent• _InC) .--This un_,,_as_ng and rolling so_l has convex

This Eye.cos soil is used for "Ji_b_ and pas_._:e slopes. Is is near _J_e edges of upland co_-r_oes.

and for umban development.-Capability_,nitV_s-l; A_eam _ange from S to more than I00 •cr_s in size. i
woodland group 3f3. Representative p_o£ile of lndianola loam), fine

sand, 4 to 1S pe_cons slopes, in forest, 1,000 feet

Evere_c [_-avelly sandy loam, 15 CO30 _ercens yes• and 909 feet sou_h of the nor_J_east corner Of
slcmes (_VD).--T_As so_l occ=_rsas lon_, naz-_ow sec. 32, T. 25 N., R• 6 E.: !
areas, mossly aleng drainagewars or on shor_ slopes
between te_ace benches. It is si_lzr to Everest 01--3/4 _ch to 0, leaf lit=or. ]
gr' -'lly sandy loam, 0 to S pereens slopes, bcrc in _t21ir--0 co 6 inches, brov:s [10YR 4/3) losw/ fine
too+.. _la_es is ssonier and more _avelly• sand, brown (10YR S/3] dry; massive; sofa,

Soils included wLch this soil in mapping make up very friable, nonstAcky, nonplas_.Lc; nany
no more _.an 30 percent of the total acreage. Some roots; slightly acid; clear, smooth bare, dory•
areas ere up Co 10 peroens Alder_ood soils, which 4 to 8 inches _hick.
overlie cunsolidzsed glacia_ till; soue are up so S B22ir--6 to 1S inches, dark yellowish-brown (IOYR '_
percens =he deep, sandy lndianolz soils; some are 4/_) loamy fine sand, brown _10¥R 5/3) d_y;
up .so _0 per:eric Nell•on ve=y gravelly loamy sand; massive; soft, very friable, nonssicky, non- '
and some are abous 15 percent included areas of plu_ic; c_on too•s; slightly &_4d; cleaz, " i
Everess soils wheme slopes are less _han IS percenS, smooch bounds_T. 6 to IS inches chick•

_mo£_ is medium to rapid, and the erosion hL-zrd CI--IS to 30 inches, light olive-brown _2.ST 5/4)
is _odez-z=e to severe loamy fine sand, yello_'£sh b_own [IOYR 6/4) t

.. bias• of _he acreage is used for _.%_ber. C_pa- • drY; massive; sofa, .very £_:iable, nons_J_, ;
bili_ uni_ Vie-l; woodland group 3£2. nonplastic; com_on roots; slighsly acid; :

gradual, smooch boundary. 12 to 17 inches
Eve_'e=_-Alde_ood _z-zvell_ sandy loams, 6 to 15 thick.

nercens slooes (&wC).--This'aa'pplng un_ _s a_ou_ _--30 So 60 inches, olive (SY 5/4) san_, li_h_e , .
equal pa=cs Everet_ and Alderwood soils. The soxls brownish gray (2.SY 6/2) drT; single grain;
_e rolling. Slopes are dmminan_ly 6 so 10 percens, loose, nonstickT, nonplassic; few too•s;
b,,t range fTom gensle to steep. Most &reu are slightly acid. Many Eeoc thick.
i.-T.ezula_ in shape and x-Arise fTom 15 _o 100 acres
or more in si:e. In areas classifiedas Everett There is a chin. vez7 dark brown AI horizon as

soils, field exz_natio_ and geologic maps inc_z_e _he surface in some places. The B hori:on ranzes
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from very d_k Zrs_-sh bzc_m _o brown and dz=]: and the mean annual _ czupe'_u=e is &bous 50" F.
yellot_sh brown. The C horizon _anges _-cB dz=k The _ros¢-f=ee susan is Lq0 _o more _ 200 da_,s.
grs_),ish brown co pz_e olive and _-am 1Qzny fine sz_l E2evz',._cm ranges _rom 8home sol level SO 500 fees.In • _'e_ese_,_&',',',',',',',',','_ive]r_'o_'ile, _e sT_'fac:e layer
:o san_. Thin lenses of sil:y Ju_:e_l are a= a and subsoil a:e very da_k brown and da_k yeIlo_sh-
de_7.h of 4 Co 7 feet in some places.

Soils included _th chis soil in napping ,cake up brown sils loan thas ex_onds _o • dopch of about 24
no more chart25 percent of the total acreage. Some inches. The st_scra_Um is olive-_T•y Sil_ clay
areas ire up SO 10 percen= A_derwood so£1s, on _he lore. IS exsends so • depth of 60 _nches or more.

• ==re ro_inZ and undular-_ng paros of the landscape; F_sap soils are used for T_ber and pzs_cre.
some are up So 8 perconc the deep• _TaYelly' l_ve_'eSS
and Ne_lcon soils; stone _re up'_o 15 per=on= r4csap _sm_ s_l_" loam, 2 co g mercers slopes (_pB).-- i
soils, wh£ch have pla_/ lake sed_uoncs in =he sub- Th_s u_c_.tac_ng so£1 _s on l_w terraces' of the major i
soil; and some _ up _o IS perom_ P.ZZnL_soils • valleys of che Area. A_-ezs rs._ze fro= S aces _onote than 600 aces in size and are nea_l_ c£rc_lar
_ch

Permeabillc_have• sandYisTapid.subscrz_Un'Theeffecs_ve roo_._ng _o irre_ular in shape. Some areas are one-eighth so
t

depth is 60 inches or more. Av_lable w•_e= caps=- • half m41e wids and up co 3 or 4 _les long. i
it-/ is moderzSe.. Runoff is slow co medium, and _he i_presonr_7-_ve profile of F._sap sils loan• 2 so •
erosion hazard is slight co moderato. 8 pe_ce_s slopes•in pasture• 820 fees we.ssand 330 I

This soil is used _or _._ber and for u_ban dsvel- _eeC sou_ of ease qua_er co_se= of sec. 28, T. 25
c_m_c. Ca_a_ilic__C IVs-2; woo_lz=d _oup 4s3. N., k. 7 _.: 4

Indianola lo_m_ fine sand. 0 to 4 ?ereenc SlOPes Ap--0 _o 5 inches• vew'_k b_ovn (10YR 2/2) silS
(In_) .--_S soil occupies _oo_1 _ez-_d_es _ long lo8_, da_k _s_sh brown C10_ 4/2) dry; mod_
na_-_ow_-zc_s a_acen: co scres=s. Areas range from erzce• ned,•n, _nul_ sc_ucsu_e; slightly
about $ Co 70 acres in s_ze hard• very f_iableononskid, nonp1ascic;

Soils included wich this soll in mal_pingmake up many roots;medium acid; abnrgc• smooth bo_md-' i
no more _han 20 percent of che coca_ acreage. Some a_/.B2--S _o 24 inches, dark _ellowish-brown (IOYR 3/4)
• ea,S are •r up Co S percent _lderwood soils on the

n=re rolling and undulating p•r_s of the landscape;_veress silCironcunc=ecions;l°an' brovn (10YRweak,S/3)coarse,dry;pr_smacic2percent ;'
some are about I0 percent the deep, _-_•velly
and Nell=on soils; some are up _o 10 pe_=ens Indian- ssruct_re; slightl_ hard, friable, slightly
ola loamy fine sand ch•_ has ssronger slopes; and ssicky, slightly plastic; many roo_s; slightly
some areas are up co 10 percent, the poorl_ drained acid; abrupt, way7 boun_._.--/. 18 so 21 inches
No.-ma,Shalca_, Tukwilasoils. _.hic2c.

Runoff is slow, and.che erosion ha:&rd is slight. 1IC--24 co 60 inches, olive-_-ay [55 S/2) silty clam
This soil is used for _mber. Capability/uni: lo_m, li_hCL'raY(SY 7/2) dry; man_, meditm

and coarse, prominent mottles of dark yellowish
IVs-2; woodland L-_oup 4s3. brown and s_rong brown (10YR 4/4 and 7.SYR

Indiznola loam_ fine sand, 15 to 30 _ercen_. 5/8) ;'moderate, thin and medium• pl•t_/ strut-
slopes (InO).--Thissoil _s along en_ren=ned =Creams. rare; hard, firm, sticky, plastic; few roots

5oils included with this soil in mapping make up co • depth of 36 inches, none below; strongly
no more r._an 2S percent of the _o_•1 acreage. Some acid.
areas are up co 10 percent Alderwood soils; some are
about S percent r.he deep, gravelly Evere_c and Nell- The A horizon r_ges from very dark brown to dark
ton soils; sc_e are u_ _o IS pereemc _icszp soils," brown. The B horizon ranges from dark yellowish
which have platy, silt7 lake seduuencs in the sub- brown co dark brown and from silt loam co silty olaf
soil; and some are up co 1S percent Ind_anol• loann/ loam. The plzt_/ TIC horizon ranges from ;rzyish
fine sand chat has milder slopes, bro_ so olive gray and from silt loam co silcF olaf

Runoff is medium, and the erosion hazard is _oder- loam Chat has Chin lenses of loam_ fine sand in
ace co severe, places. Brownish mottles are c_mon in the upper

• This soil iS used for r_mber. Capability unic par_ of the _IC horizon.
Vie-l; woodland group 4s2. Some areas are up co 10 percent included Aldervood

_r•vell_ sandy loam; some •re up to S per=en_ _/_e
•very deep, sandy Indianola soils; and some are up _o

_itsao Series S percen_ the poorly drained. _ellingham, Tukwila,
and Seattle soils.

The _itsap series is made up of moderately well Water flows on cop of t._e subset•tom in winter.
drained soils Chat formed in glacial lake deposits, Permeability/ is moderate above the substratum and
under • cover of conifers and shrubs. These soils very slow within it. The effecsive rooting depth is
• re on ce.-_zces and strongly dissected terrace •bout 36 inches. Available water c•pacit_/ is moder-
fronts. The), are gently undulating and rolling and ate co moderately high. Runoff is slow co medium,
moderately s_eep. 5lopes are 2 to 70 _ercens. and the erosion ha:ard is slight to moderate.
Platy, silt7 sediments are at • depth o£ 18 co 40 This soil is used for timber and pasture.. Capabil-
inches. The annual precipitation is 35 co 60 inches, icy unit IIIe-l; woodland group .d..
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d_; RassLve; sl*shtlY hard, very friable; amdL-_, subsnLnslar blocky s_r_c_e; ha-d,
.r nons_chT, nonplas_Lc; few roots; =eu_r_. _'_Lable, slilhtly sr_Lck_, slifh_ly plastic;

c_mon _oo_s; aedL_ acid; clear, smouch

The * hob:on ranges fran very dark grayish bTovn boundary. 17 _o 21 inches Chick.
co ve_ de_ bro_. The C horizon con_isT.s of layers C]--29 _o 42 inches, dark gray_sh-brovn Cl0YR 4/2)
o£ silt loam, very f._ne sandy Zoo, sandy loan, and grayish-b_m (2.SY S/2) s,It 1c_ and
loamy sand, and sand; the _hickness og each layer ._hin lenses of very £ine sandy los=, l£ght
v_ries. Hottles occur &c z depch below 30 _o 40 brov_sh B_-ay (2.SY 6/2) d_; Lusive; sligh'.
in_es J41 some plS.Ces. ]y hal.,,d.e, vel7 _-_aJ_le, no_l_,_/, D_IILsT_C;

Same _ees a_e up _o 23 or 30 percen_ inclusions co=non z_o_s; slightly arid; clear, amoor.h
o_ screech&= poo=ly d_ed Bristol, O_di&, and Nood- bo,--_-- 7. 10 'co 1S inches =hick.
j4_v_lle so_ls; and same are _p co 10 percon_ the C2--42 _o 60 inches, _a)-_shobrovn (2.5Y S/3) silt
poorly dre_Lned Puget so_.ls. "Focal inclusio=s do not loam, light bro_sh gray (2.SY 6/2) dr,/;
exceed S0 percent. _ssive; ha_-d, friable, s_ir.ky, plasr_Lc; c_-

Pe_eab£1it'y is mode_-_te. The ei_EecT.tve _ooting non z_)o_s; medium _u:id.
depth is 60 inches or su=_e; A seasonal water table
is a_ a de_l_t cr_ 3 to 4 feet ili .places. A_lable The B nd C ho_zmts are _ly silt loam and
w&_er capa_t_/ is high- Rnno_ is slo_, and _he very fine sandy loam and have lenses of silt7 clay
erosion hazard is slight. The ha:a.-d af s_ream over- loam and fine sandy loam. The C horizon is dark
£1_ is sl_.ghc _o sev_e, depending on _he _ounc of grayish brovn, grayish bro_u, or d_rk brown.
£1ood pratecT.ion _,_v'ided. Some areas are up co S pelf=eric included poorly

This soil Ls used mostly fc_ row crops. Capabil- drained Puget soils; and some &re 10 to IS percent
L_y un£t IIw-l; woodland SToup 2oZ. _he somewhat poorly drained 0ridia and Briscot soi _

Also included vigh _his soL1 in napping are areas
of _he poorly d_-ained Noodinvtlle s£1t loan and a

Nooks,_ck Series few areas og a Noodinville sil_y clay loan. Inclu_
so_ls make up no nero _han 1S percent of _he to_al

_'he Nooksack series is _,u_e up of well-clrained " acreage. .
soi.s _hac go.wed in Llluviu= in river valle)_, Per_eabili_/ is _oderate. The e_._ective roc_i_
_m,;er a cover og _rass, conifers, and hardwoods., depch is 60 inches' or more. A seasonal water _le
Slopes are 0 co 2 percent. The annual precipitation is ac a de_ch of 3 co 4 feet in places. Available
is 3S to SS inches, a_ r.he mean annual air ten_e_-a- water Cal=aCit_/ is high. Rumor._ £s slow, and'che
Cache is _bouc SO" F. The groat-free season is about erosion hazard is slight. Scream over£1ow is a mo_
190 days. _lev&rJ.on :'anges from about sea level to erate to severe hazard.
SO0 feet. This soil is used for row crops and pasture and

dkarln a representative progile, che soil is very got tLrban development. Capability unit llvol; woo_grayish-bro_, dz,rk _zyish-brown, and _-rsyish- land L_. 2ol.
bro_ sil_ loam _o a dep'_h o£ 60 inches or more.

Nooksack soils are used for row crops and pasture Norms Series
and for urban development.

The Nor_a series is made up of poorly dZ_Lined
Nooksack sil_ loam (Hk).--Tnis nearly level soil soils ghac formed in alluvium, under sedges, _us,

is _n long, narrow areas chat range fron S to about . con_gers, and hardwoods. These soils are in basir_
300 acres in size. Slopes are less _han 2 percent, on _he glaciated uplands and in areas along che

RepresenTer.ire profile of _ltiva_ed Hooksack saree= bocto_. Slopes are 0 to 2 percent. The
silt lO._n, 1,800 gee_ east and SO0 geeC sourJ1 og r.he atonal precipi_acion is 35 _o 60 inches, and tJ_e
west qu_rr.er corner of sec. 4, T. 24 N., A. 7 E.: mean annual air _empera_ure is about SO" F. The

frost-free season is ISO to 200 days. Wleva_ion
Apl--O to 2 inches, very dark grayish-brovn (IOYR ranges from about sea level _o 600 feet.

3/2) silo lore, grayish brown (10YR S/2) dry; In a representative profile, _he surface layer .;
ge_, _ine, faint, dark yellovish-bro_n (10YR black sandy loan about 10 inches _hick. The subso.

4/4) moc_les; weak, chin,pla_y str_c_ure; is dark grayLsh-bro_ and dark-_ray sandy loan and
slightly hard, very griable, non.sticky, non- extends to a depch of 60" inches or more.
plastic; many reo_s; slightly acid; abrupt, Norma soils are used mainly for pasture. If
smoo_h boundary. 2 to 3 inches _hick. drained, _hey are used for row croPs.

Ap2--2 to II inches, very dark r_a_.sh-bro_._ (IOYR
3/2) sil_ 1o_, grayish brown (10YR 5/2) dry; Norma sandy Io _,_ (No).--This sell occurs as str:

weak, coarse, prisnmcic struc:ure; sligh:ly 25 _o 300 feec wide. Slopes are less _han 2 percm
hard, very griableo nons_icky, nonplu_ic; Areas are level or concave and range _cm 1 co abe:
common roo_s; slightly acid; abrupt, smooch 100 acres in si:e.
boundary. 8 to 10 inches _hick. Representative profile o£ ._o$'ma sandy loam, in :

Bi--ll to 29 inches, dark _rayish-bro_ (2.SY 4/2) pasture, 725 geet eas_ and SO geec north og r_he
sil_ loaln, light bro_wish gray (2.SY 6/2) dry; south quarter corner og sec. 31, T. 20 N., R.
weak, =ediu_, prisn_ttic s_ruc_ure and weak, 7 _.:
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Ap--0 co 10 inches, blaCk (10YR 211) samdX loa_, _b£ck. The nex_ lay_= _s yellm_sh-red sphagmm
r dark irra>-ish bx_n (IOY_ 412) d_/; ,mderaceo l_ac _ extends to • d_pch of abm_c 60 inches.

• " fine, grar_lar s_cruccure, a slightly hard, very Orcas soils _ used smscly _ wildl££e habit.at.
f_iableo slishcly sTicky, slightly plastic;
many roots; slightly acid; Lbru_t, smooth OrcLs pest C0r). --This level or slightly concave
boundary. 10 to I2 inches Shick. scil_s _n _rre&_lcly shaped areLs r_ac range from

BZlg--l'0 Co 30 inches, dark gray_sh-b_vn (2.5Y 4/2) 2 co about l0 acres in size. Slopes are less _ 1
sandy lea•, light brownish STay (2.5Y 6/2) percem_.
dr)'; many, medium, prominent, yellowish-red Represenua_ive profile of Orcas peat, under wild
(SY_ 4/8) and brown (7.STR 414) mottles, vezT crenberries, 600 feec notch and 6S0 £eec vest of She
pale brown (10YR 7/4) end roddish yellow ease quazcer corner of sec. 8, T. 24 N., R. 6 E.:
C7.SYR 6/8) d_; chin plat7 scruccure; hard,
very friable, nonstick_, nonplucic; few zoor.s_ 0£1--0 _o 6 inches, da_k red(Lishobr_m (5YR 3/2)
slightly acid; clear, warn boundary, lg to 24 sphagnum paint, very pale brown (IOTA 71S) dry;
inches Chick. soft, spongy; many rcots; extremely a_d;

B22g--30 Co 60 inches, d_k-gray (ST 4/1) sandy clez_, smooT.h bound. 6 co 8 inches chick.
loam, light gray (ST 7/1) dry; common, fine, 0i2--6 co 60 Inches, yellowish-red (SYR 516, 416,
prominence strong-brown (7.SYR 516) and 4/8) sphagnum peace very pale brown (IOTA 714)
reddish-yellow (7.SYR 6/6) mottles, yellowish d_/; sofT., spongy; few roots; exr_'emely acid.
brown C10YR 5/8) and pale brown C2.SY 7/4) d-y;
massive; slightly hard, very _iable, nonsticky, The 0il horizon r_ges _,u. dark reddish brown co
ncmplasuic; few roots; slightly acid. reddish black. Only slight decomposition has oc-

• " cur_ed. The 0i2 horizon is uniforaly sphagnum peat
The A horizon ranges fron blaCk co very dark _hat _nges fro_ dark reddish brown _-ough yellow-

brown and is as much as 15 percent gravel. The B ish red co very pale brown.
horizon commonly is sandy loam _.hac in places is Some _ea_ mapped are up Co 20"percent _ncluded
stratified wi_h silo loam end loamy sand. lc is as SeacrAe and Tukwila mucks, and some are up co S per-

much as 35 percent Eravel in some places. The B cent she wet Bellingham soils.
horincn is motc!ed gray, da_k gray, and dark grayish Permeability, is very rapid. There is • water
brown, cable &c or close to She surface for several month_

Some areas are up to S percent included Seattle, each year. In areas where the water cable is con-
Tukwila, and Shalcar soils; and some are up Co S trolled, she effective rooting depth is 60 inches
percent Alderwood and Everett soils, &c the slightly or more. In undrained areas, meting depth is
higher elevar.icns. In She area no.--.hwest of Aubu_-n, res%Ticsed. The available water capacity is high.
in She Green River Valley, _here are areas of Norm• Runoff is ponded, and Shere is no erosion hazard.
soils r.hat have an organic surface layer as chick as This soil is used mostly as wildlife habitat.

12 inches in some places. Also included are small Capabili_), unic VIIIw-1; no woodland classification. ]
areas of No_-ma soils Sha_ have a silt loan surface

layer.

Pe.-meability is moderately rapid. The seasonal Oridia Series
wa_er table is a_ or near r.he surface. In drained
areas, She effective rooting depth is 60 inches or
more. In undrained areas, roo_ing depsh is restrict- The Oridia series is made up of somewhat poorly
ed. The available water capacity is moderately high drained soils shot formed in alluvium in river
to high. Runoff is slow, and _he erosion ha'.ard is valleys. Slopes are 0 to 2 percent. The annual
slight. Stream overflow is a severe hazard in precipi_aciun is 35 to SS inches, and the mean annu-
places, al air temper•cure is about SO*. F. The frost-free

This soil is used mostly for pasture. Drained season is abou_ 200 days. Elevation ranges from
areas are used for row crops. Capability unit I IIw-3; about 0 co 85 fee_.
woodland Eroup 3w2. In a representative profile, she surface layer is

dark grayish-brown silt loam about 9 inches shick.
The subsoil is grayish-brown, dark grayish-brc_en,

Orcas Series ." and gray silt loom and silty clay loam thac extends
• The Orcas series is made up of very poorly drained co a depsh of 60 inches or more.

organic soils that for_ed in sphagnum moss and small Oridia soils are used fo_ row crops and pu_ure
amounts of Labrador tea and cranberry plants. These and for urban development.
soils are in basins on the tmdulacing, rclling

glaciated uplands. Slopes are 0 to 1 percent. Annu- Oridia silt loam lOs) .--This gently undulating
al precipitation is ZS to 60 inches, and the mean soil _s in irreEularly shaped areas. Slopes are
annual air temperature is about S0" F. The frost- less sham 2 percent. Areas range from 10 co more
free season is 160 to 180 days. Elevation ranges _han 200 acres in si-.e.
from 100 to S00 feet. Representative profile of Oridia silt loam, in

In a representative profile, the surface layer is pasture, 850 feet norT.h, 620 fee_ east of r.he
dark reddish-brown sphagnum pea_ about 6 inches southwest corner o£ sec. 12, T. 22 N., R. 4 E.:
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Zf d.-_ned, c_Ls so_l Ls used for _ov _-ops. Ic Ap2--:3 to S _sches, irnY CSYs/l] s_l_, cl_, loan,

is (also used for pu_e. Csp_b£1*_/ u_1: 1Iv-3; light b_mish jrn), (2.SY 6/2) d.--/; nz_/,
no'woo_Lla_d clus£fic_c_, f_Lne, l:nromtnen1:,d_'k _edgtsh-b_ (51_ 3/3

md 3/4) no1:tles and coi_, f*ne, pro_Lnemt
no1:'.les of s_enZ b_o_m C7.b'Yll 5/6] and _ed-

U_ban Land d_sh y_11ow C7.SYR 616) d_; moderate, fine .
and yew L_ne. anl_la_ blocky structure; hz._.

U'_-banland Cl_) is soL1 the1: h_ been mod_f.ied by _-_.able, st£cky, plastic; coemon _.ne roo_s;
d£s_._bance of _.t_ena_l layeTs v_Ch a_a_o_s of ned_ acid; abrupt, wavy bou=_l_. 4 to 6
f_ll nace_-a2 several foe_ U_Lr_ co acc==modate "lzrze *nches _Lc_.
tnduscria2 8_d housing inscz11_Lons. IJ_ _he Greet B21g--8 _o 38 inches, fret/ (ST S/l) silty cla), loma,
PAve_ Valle), the fill nnt_s _zoa sbotr_ $ 1:o mo_e gz_y CSY6/1] day; common,ftneo praaineac,
than 12 _eec t_ _Lcknexs, and £_omg_velly sandy b_ncn CT.SYR4/4) _o1:1:les and medium, p_.4.
loala 1:o _avell)* lo am t11 1:e=f_tre ne]_ moC_._es"of bzmc_Lsh yellow (10YR 6/6) d.-y;

T_e e_ston hazard Ls slL|ht Co action-ace. No 25 pe_cen1: of _1:_.z :is lenses o_ yew
c_p_b,_L_/or voo_tand _s,_Lcz_L_. , • b_ovn (lO_t 2/2) _ d_k yellow£sh-b_

C10T_ 3/4) peaty nuek, b_own C7.SYR 4/2) d.-y;
lutss_ve; hard, _r;_, S_._ck_, pla.q_tC; few _Llxe

Woo_nv_lle Series • roots; ne_4un arid; cZez_, smooch bouncLt_.
30 co 40 inches chick.

T_e Wocd_nv£11eseries is made up of nea_ly 1eve1 • B22g--38 to 60 inches, gz_m&sh-g_t), CSBG5/1) st11:
and Zen1:Iy undula1:in_, poo_l:_ d_zlned so£1s chat loan, ;_a), CSY 6/1) d,-_; _ew, f_ne, p_=,;,nen1:
foraed u_de_ r_ss and sedges, 4. tllLur_-m, om s_ezu mottles of bz_n_sh yellow C10YR 6/6) dr),;

16ass;re _ vel-J'bot1:cm_s. Slopes are 0 to 2 pe=_=ent. The _ " • har_, f:_.able, slightly s1:icky,
prec_p_z1:ion z-_ngos f_ _q co S$ _ches, and the sl:_l_kcly pl_s1:_c; s1:-'enzlY ae;d.
nean m_nual z_r te=pe_t-_-e £s 8bo_ SO'. F. The
_-.ost-_%-ee season is about 190 days. Eleva-_Lon The A horizon _anges _'_c_ da_k" j_ay_sh b_own to.
_'anzes _ abou1: sea level co abocrc 8$ foot. r_ay and _rom sidle 10_ co s_11:y clay lose. The B

In a rep_esentz1:_ve p_ofJ.le, I_'z)' sJ,11:loa_; ho_:on ranges f. _ j_a)' and IFraFish bruvn to olive
s£1=T cla_, loam, 8nd layers of peaty muck ezcend co g_ay and g=ee_ts_ gray and _.om silty cla_" loan _
a depth of about 38 _nches. Th_s _s underla.T.n by s_l= lore. In pisces there are chJ.n lenses of very
_reenish-_'zy s_it lore thac extends _o a depth of fine sandy loam and lomy f_.ne sand. Pezty lenses
60 inches and mo_e. a_e co-,-on _n -,he B hori:on. These lenses _re -.J_Ln,

Woodinv_lle soils are used for row c_ops, p_s_u_e, and their combined thickness, between depths of 10
L_d c_ban develop=one, and _0 _nches, does no_: exceed 10 inches.

So_ls _neluded v_th r,h_s so_l in mapping make up
Wood_nv£11e s_lt loan 0Vo).--This so_l is in eion- no mo_e than 25 percent of the total ac_aze. Sone

ga1:e_ and blocky shuped a.--eas t_',&1:z'z:rlge fz_m 5 1:o areas are up co lS p_rcenc Pullet so_ls; some a_e up
nearly 300 ac_es in size. It is nea_ly level and 1:o 10 percent Snchom_sh soils ; and some a_eas az_ up
£ently undul&t_ng. Slopes a_e less than 2 percent, to 10 percent O_.dia, a_-iscot, Puyallup. Newberg_

Representative p_ofile of WoocL_nv_lle s_.lt loam, and Nooksack soils.
in pasture, 1,700 feet south and 400 fee_ wes1: of Permeabilic_, is moderately slow. There is a se'_-
".he no_ch quarter co_ner of sec. 6, T. 25 N.o R. 7 sonal high wace_ tab!e a_ or near ".he s_crface. In
E. : d.-ained &reu, the effective _oting depth is 60

Lnches o_ more. In undrained areas0 rooting depth
Apl--0 to 3 inches° g_ay CSY5/1_) s_lt loam, I_'ay£sh is res_:_-icted. The available water capaci_/ is

b_'o_rn CIOY_ 5/2) dry; c_on, fine, p_m_nenc, high. Runof_ :is slow, and the hazard of erosion is
dark reddish-brown CSYR3/4) and redcLLsh-b_n slight. Scream ove'P_low is a severe hazard unless
CSYR5/4) moil:los; nodera1:e, medium, c_ub _Vlood prutect_on is p_ov_ded (pl. Ill, top).

• structure; ha._l, £_iable, s1:icky, plastic;" T_s soil is used for _ c_=ps, pasture, and
many fine ruots; med_u= acid; clea_, smooch u_ban development. Capability unit llw*2; woodland
boundary. 2 to 4 Lnches thick. . • il_oup 3w2.
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LOWERDUWAMLSHRIVER
DmvamishRiverBasin--- WPJA09

Smmm _ Dmin_/e
L4mgth Aria Salmon UseNumber Stnmm Name Of N_uth

0001 _uwamish River _ Sec:l3,T24N, R3E _93.6' "" _ Chin., Coho, Chum

0003 "Unnamed LB-6.5 2.0 m Unknown

0004 Block River RB-11.0 2.65 -- Coho

(,SeeDuwomish 203)

Duwamish IL cont. @ mL 11.01 _
as Green River

0033 Unnamed LB-13.2 2.2 -- Unknown

(SeeDuwomish 203)

0038 Drainage Ditch L_-17.35 -,, 1.5 -- None

(SeeDuwomish 203)

0045 _ /L:, _s_j, _'"1'- L5-21.7 4.2 -- Unknown

(See1:)uwomlsh203)

0050 Drainage Dit_ RE,23.Q5 --- 1.15 -- Unknown

(SeeDuv,,,_,;_',, 203)

0051 r_Hill Creek LB-23.9 8.35 -- Coho

(See Duwamish 203)

0061 Unnomed R5-28.6 1.95 _ Unknown

(See.Dvwamlsh 203)

0069 Unnamed R5-30.15 1.0 -- Unknown

(See Duwamish 203)

(Continued Duwamish 303)

0359 Longfellow Creek Secl 3,T24N,R3E 1.45 -- (Coho)

0362 Unnomed Sec:12,T23N,R3E 1.9 -- Unknown

Lake Gon,'e1"t Outlet-1 ..., _

Unnamed Lake Outletol.9 -- --

0371 Miller Creek Sec36,T23N.,R3E 4.8 8.21 Coho, (Chum)

Tub Lake Outlet-4.2" w D .

0377 Bow Lake Creek SecB,T22N,R4E 3.45 6.41 Coho, (Chum)
:(DesMoines .Creek)

Bow Lake Outlet-3.45 -- --

0380 Unnamed 5ec17,T22N,R4£ 1.9 _ Coho, (chum)

0381 ' iUnnamed - Ser.20,T22N,R4E 1.4 -- Coho, (Chum)

0385 Unnamed . Sec:S,T21N,R4E 1.1 w (_'.oho),(Chum)

0386 Unnamed See1,T21N,R3E 1.25 -- Coho, .(Chum)

zThe eleven mile lower stretc:_of the Green River is _lled the Duwami_rhRiver.

• Duwamish-- 1(33
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APPENDIX B:

SAMPLE DATA FORMS

DES MOINES CREEK REGIONAL DETENTION POND

KING COUNTY,WASHINGTON

ClP #1A1767
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.... WETLAND FUNCTIONAL.VALUEASSESSMENT

..... CRITERIA

FUNCTIONAL
VALUES Low Rating .: " - - Moderate Rating High Rating

_:*a:er Ouali;y zapid flow Ihmugh =Jte moOer&te flow ll_ouS=h =to li:'.le or no flow present
_.t,_ovement

<50_vegr, ation Oe_ 50.80% vegeutt;on cJensiTy • a_% vegetation aensny

no p_mcimi=yto poilu'amt= -- aownz'.mam from _ -- downsueam tram point
• : - " ncm_oim IX_iman= _, dP'._,=harges

detains <2S% overland

•..: . . - lunotl -- de'-Jlns 25-50% ¢_et=ar¢l • -- ¢le:air_ >50% overland
i-valuation: runoff .. runoff

' _ lU • > 10 at'.Je$Flood/Storm Water =_e <5 acl'es -- ._::e S-10 _es ":
Control

-- isolated depre_ons • wi**hmflood I_tin -- wi:hin flood plain

< lC*,; woody covet -- 10-30_. woody cover -- • 3,_% wo-Jclycover

- uncons'_rainedoutlet located in center of cons_ained outlet
v.ltershed

Io==ted low in _,ter=hed -- io:ated high in
"_-vzluation: -- " 1 v.-a:e rsJ'ted

1 +Groundwater -- s;e_ <5 acres . -- zi=e 5-10 a=res -- S:e:: > 10 8_es
5x__-.tnge

-- u_derlaJnby low : . Imded=_ by moderately -- undert=_ b)' perme_._ie
permeL_Jlity =tr4_ perme_._e =tr'&_ :*JZ_L

tempor-,u_y -- sel._n&lly, flooded . permanent inundation
=_,ura_d/'mundlted system=

ou_..iow < inflow
zprings present ot,,fflew • • outlaw - inflow

--,-41uati:ru in'low

Nz-._r=d5iologi==l sm_.ll =i:e <S seres medium =i=e 5-10 &:es la:;_e ;- • - .-
Suppoll " -- --

-- /_. lied or low vege_don -- moderlte vege_,'_flon -- hi;h vega;arian ¢'Ju.--ture
I_ru_,ure s:tumure

asso:iated wi',h
• _ted zyztems -- __-_-_,';-tedwi_ permanent -- permanent open w_lter

=";arid wPJ_ephermaJ SUHaP.J=water

sur'.t.-e wirer three or more ha_i'JLt
"- " " -- two h&bi'-,,: l_'_es lry_es

-- one habitat

-- metier&re plant _'Nerr.Jly high plan! divershy
-- low plznt cl'w_rsizy

-- some tutti*.1: teatures -- severe .'ypes of bali:s:
-- taw, _ any hzbi'_t present |ea:u_es present

te,t_Jres present

. -- budler_ somewhat -- buyers _)enerally
zdia:er.: bu_,,ersprimarily distur=ed un.'Jis:ur_ed native

=v_lua:ion: -- -- ¢_L_.ur_e¢1 ve_e:ztion

I
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CRITERIA , d_

;FUNCTIONAL
• V_LUES Low Rating Moclemte Rating High Rating

; P./=rmog;: _u_port i_jatecl mar*.,_s, Dogs -- "f;,M.ine'. lal,esl'_x* " _ maame inter._laJ
• :;..-n.-'_on(IJ,aintain and pomok, s wetlands. . .. wetlands

' h)"Jfologi¢ :_lb;bl_ " ' OCCSSJonadJ,/lloodedluaaS -- tow gradient, bequently&.".dinttgf_ Of h_lfOIO_iCldly isolated - - - -
S)";tim) ..... i _ tim .... . .... -- ..... I_O 0 e _ ; . ,........ 6 ............

: seldom flooded "" " proxirn_ to open water

; Eva_aSon: ..... -: _,szem " ' :
e, • , .

" -_=_./Shore_-e " _rJe grass/_ _* _ -. soars* woocly _,et_mion _ clense wood), vegm_,on
Ft=le=_n ' vsge_bcm along sJ'mro or (lira herd wgelJtion. _ _ong shore

-- little tO no letoh in -._ " . moderate let=h in Im"j_cent, -- long ietr.h in mdjacznt
ad)acen; wirer body waist body v,'zter DOdy

wectanOe_ends <100-- " " wetland extends 100-200 " " weUand extends >200
ylud¢ tram shine y_ds tram _,_re ' yaxds from shore

undeveloped shore _ moderately develol_d _ hlg,_.ly developed shore
=valuatior.: m ahore.-

_ Uld: S_:y _ I _ " 1 " ; r _ Uirojated wetland -- medkn'n si:mwetland 5-10 -- IP.Jgewetl-,nd > 10 a=es
(Ssn.-tu_-,y. re:uge. <5 a=ms • a=es
s:ientJ_: _..udy, . -- high public educttionaJ
_.-me._oncf zquz_: -- low edu-JationaJ -- , rome educaticmaJ opportune.

w,-,dt,tres_si opportune. .... oppornmiW .. ._:'-'_high habitat dlvers_y
P,z_P_) rrnJehabit_J d'lvendty, Imme h_ d'we_ " _ . " . .

L,j

".. provides h_lsst for
I_Je (none) hl_J_lt tot some _ tDr rn}gl'_rj, -- migrztory lind non-
mig_lnon.rtdgm_ty " -- Im=_non-m}iTmmry spe";as migf,,t:ry spe=_s

5v_Ju_fi_c-- spe,';u

CuP.uralValues -- la:k ¢ornmem_l f.;hedes, -- .moderns aes',heS¢ value r.=n'-,,in r.ommer_ld
(s:._D-e.-:nomi:) rene_.-'.ble resources of fisheries, fenewll_tll

agfic:ulturs reset.rices of ngri=uhum

low aesthetic value _ high aesthetic v_lue
(visustd;vers_)

Jack hhnot_: or

or=he.ogled site hlsloric o: a_cheologica]
[-_lua_o_ _ _ sdte

_e=ezt_onaJ lark p .a_siveanc_a.-_ve -- provide some opponun_ -- p:=wide good
C'_.=:r%unW " -- rec=eation " tot pLs.5_ and a.-th,e." o;=por_n/Ses for pau_r_

• " reczeaSon and 5rnned ac'.h,e

_ inten=onntdtlons wPJ1 ye_realion _rOkdw'_tCh_g.
open space _ some interconne=tions canoeing or hunting)

v_'._ open s_ade .

E_lustio_ _ mzny inrer=onne.-l_on:l
-- w_J_ open spae_

Overall
-v_luation:
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• DA_A FDI_
• ROUTIKEO_C;IT[ DE'TEMzK4TZO_H£1"l_"

Field inveittgator(s): Date:
project/site:
Applicant/O_ner:. , Plant Ccumuntty #/Naae:

• Do no_i envtromnentll .co_ittons exisI'it the plaint coammtty?
Yes Ho _'(If no. explain on back).
Has t--_"vegetatton, soils, and/orhydrolo;Ly been significantly disturbed?
Yes Ho_ (If 7es. explain on back)

.................. ...................
Percent Hidp oint_

Tree Species Indicator Areal Cover1 of Cover
fp_ent Cover (_ttonl ' _ Cover 1_3__." Class R_nkz

2.

4.
$.

7. Sum of Hidpoints
Dominance Threshold"Number equals 50"_,X Sum of Hidpoints

......... Percent Midpoint _
Indicator Areal Cover1 of Cover

Shrub Species Status Cover Class _lass R_nkz

1.
2.
3.

'4.

S.
6,
7. i
8.

10. Sum of Midpoints
Dumtnance Threshold Humber equals 50u. X Sum of Hidpoints

Percent H_dpo_nt 1
Indicator Areal Cover 1 of Cover .

Herbs add Forbs _tatus Cover Class Class Rank2

1.
2.
3.
4.
S.
6.
7.
8.
9.

Sum of Hidpoints __
Dominance Threshold Humber equals 50t X Sum of Hidpoints __

Cover classes (midpoints): T < ;: (none); 1 - 1-5_ (3.0); 2 - 6-15_ ()0.5);
3 - 16-Z5_ (20.5); 4 - 26-50_ (38.0); 5 - 5)-75_ (63.0); 6 * 76-95_ (E5.5);
7 - 96-100%. (98;0).

z To determine the dominants, first rank the species by their midpoints. Then
cumulativelysum the midpointsof the ranked species until S_ of the total for
ill species midpoints is immediatelyexceeded. All species contributing to that
cumulativetotal (the dominance thresholdnumber) pTus any additional specieshav-
ing 10% of the total midpoint value should be considered dominants and marked with
an asterisk.
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t_
Series/phase: Subgroup:
Is the soil on the _drlc soils }ist? Yes No Unde-_ereined

Is the soil a Htstosol? Yes No . Histtc epipedon present? Yes .... No _
Is the so_l: Hottled? Yes No " Gle_ed? Yes __.. No i
Matrix Color: --_-_tle Colors:
Other hydric soil .indicators:
Is the hydrtc so_l criterion met7 Yes No .....

:_ Rat i onale: '

HYDROLOGY

Is the ground surface inundated? Yes No . Surface "water depth:
|s the so|l saturated? Yes No
Depth to free-standing water in ptt/sotl probe hole:
Kark other field indicators of surface inundation or sol] saturation below:

.... Oxidized root zones ..... Mater-stained leaves
.. w Water marks Sul-face scoured areas

,, Drift lines.+ , Wetland drainage patterns
__. .__. Water-borne.sediment deposits ...... Horphologtcal plant adaptations

Additional hydrologic thdtcators: ....

Coeeents:

"*'- r

Percent of dominant species that are OBL,.FACWand/or FAC:
Is the hydroph_Lic vegetation criterion met? Yes No
Is the hydrtc soil criterion met? Yes . No
Is the wetland hydrology criterion met? Yes No
|s the vegetation unit or plot wetland? Yes No
Rationale for jurisdictionaldecision:

Co_ents (M1t4gation_portunlties, Design Changes):

* This data form can be used for both the Vegetation Unit Sampling Procedure and the
OuadratTransect Sampling Procedureof the Intermediate-LevelOnslte Determination
Hethod, or the Quzdrat $_ling Procedure of the Comprehensive Onslte Dete_ina-
.tionMethod. |ndicate which method is useJ.

Classification according t_ "$oii Taxonomy."
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APPENDIX C:
i

REID DATA SHEETS

DES MOINES CREEK REGIONAL DETENTION POND

KING COUNTY,WASHINGTON

ClP #1A1767
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WETLAND FUNCTIONAL VALUE ASSESSMENT
.. • . . . .

CRITERIA

FUNCTIONAL

VALUES Low Rating . Moderate Rating High Rating

Y:s:er (_alily tapid flmv through s;te _ moOsr;te Ilow t_rouL)h she -- I_._ieor no flow present
b.nprov_ment

<5_ vegCat+on 0ensi_ ._ f_-8;,',',',',',',','_;vel_eta';on densi_ -- > 8_% v_;_etatJonOens+ty

- - _ mno pfo_rr_Iy to poilu_n_s -- down= team from .. Oownsueam/tom point
•" nonpointpollutants _. di--.:._at_es

deta_ _25_ overland l

_,._ -- runoff de'sins 2_.50_ overiand q _ cle:ains >50% overland

m

_=valuer]on: runoff iunoff

Flood/Storm Wirer e_.I<5 a_es -- sL=eS-IO s,_ss _ ': • 10 moses
C'.on*rol

-- isolated depres_ons -- wP.._nflood plain ,_ we:bin '.lood plain

<l_ woody cover -- 10-_ woody cover _ >3C% woo:ly coverm

un=ons_'a51edoutlet Ioreted 51 renter of _ oons:'ained owlet
watershed

_== -- Lo:_tedlowin_Ite_.J'md _ Lo=_tedhLohin-=vziuatJon: wa:ershed

Gtoundwstet ;" "• sot <5 soles s=e 5-10 acres --_ s:'-e > 10 ac:es

F._c.".an_e -- unde_l_n by low ' undert-;n by m=derately -- undertzin by permeZble
permeLbi]hy s'ua_ perme;,.':_e s'.:z_ r.::z;;"

le_por'_ui]y se_,onadly flooded ,_. permanent inunes:Jon
sAturatedfoundered systems

ou.'_,ow < inflow

)lJ_._..._ s_r_r+prasemo,_.._=,,> X" o,_..Jo,,,,- inflo,.,,•.=.+-zluat_on: in:low

Hcurll 5Lologi-.ll -- smlJ] s=e <5 sc_es -- medium s_e'-5-10 a_res ._ I_:;_e s_'-e > 10 a::-;s
Su;por_ "

,_. land or Lowve;mtaxJon -- moderate v_;_eta_Jon _" " hi;h _Ju._urem

s'Ju_ure s:ru_'_ure

essoNsted wi-.h
-- Ltoleted systems -- au,=P,._ted w_'.hpermanent permanent open ,1tit

as:r,o'-;aled ,wPJ"lepherrnaJ sumac4 water
Ir_P.&P.,e ester _ three or more h-*,_l&l

"- • • -- two hzbha: _"_es _es
one habitat

m

_" moderate plant diversJts] __ hi;h plant d_vers._ylow plant

.._ some h&bha: features sever_ **'ypesof hx.bi'_:
-- taw. i! any ha_,i--st p_esent -- |ea:utes present

tsa:utes presenl

._ -- bu._ets Somewhat -- buffers oenerally1_+ ]._ ad.ia:er,: buffers primarily disturbed un.'_iStgtb._ nztrve
-vzlu&:_on: |I_ II c[L_:urDed ve;ze:ation

AR 042058



.... 21
CRITERIA

FUNCTIONAL

',',_LUE$ Low Rating Moderato Rating High Rating

P/¢.rolo_i'J :.upporl i.'-olatecJ rnat=_e:. DOgS _X f_,,wlif_, lakesJ1Oee _ marine, mle,--._,t|wet_nss w_U&nds
:....:t.-uon_,#,ainza;n and poU_olw$ _. _
.-.).,,rotogi: ::aDilir/ . •
a_= integmy of hyclwologiCJllyisolated _ occJ_on&lly flooded lueas __" low gradien|, frequenlly
._.,_tem) - - _ • system ....... tlooOed

seldom flooded ptozirru_ to open water

; =.valuation: _ I_'stem
)

: Erosion/Shoreline sparse 9rass/Iotbs or no :'.pat_ woody yes,eta|ion 0enee wooc_yvegetation

Pmlecdon vegetal!ion &iong.sr_ore or oenso herb vegetatlon _ along shore

. / |,.,. ,O no ,e,_._.J,t;ire modetate!et_'fJr_ad_a_n, ,or_, |etl:h Ln a,_eL2en,

-- adjacent water body _ water body _ w,,_er body

weUand extends <100 _ wetland extencLs100-200 _ weUand extencls >200
yatd¢ item shore yardS |rein shore y&rCfs1tom shore

undeveloped shore _ moderately developed _ highly developed shore
.=valuation: . • sho;e

A=uad:. S'udy Area. " " _ small isolated wetland _ medium size wetLznd 5-10 "_ I,,rge wetJ,,nc! • 10 t:res
(5_,=_mu-/, re_uge, <5 s,._es ==es
¢=ient]fi: Gudy. ,_j,, . _ high public eduutionJrJ
_'::le=',;an c' =quz_J= _._ low eclu==tionsJ some ecluc_tlotm oppor, un_y ...,

_..'_ terrest;JaJ oppo,"uJnJty " " _ op;=onun_ _, )
r.J._i*,R:s) high hlbiSt d'nmrsity

Ii,'_e h_ c.versity. _ some ha_i,-t c.ven_y
prmddes hlbi'st tot

m}_r_toryIh'de (none) h-b,P._ for ._ some h_':)itat tot migrztory "rid nol',-

m

migrmry/non.migr&tery am: non-,'ni;Fzto_t spe:aes migr;*dory s;_e-_=$

_ustJo_: _ s_ec_es

,C;:P.:arstVaJues _ la=k ¢ommen:laJ fisheries. _ modet:_;e aez'J_eti: vatu* _ r.=nt-in c_mmer=ia/
_s:'-;o-e."onomi:} renewable resources or fisheries, renewable

• a_ricu_ture resources or a_ri.-.uhure

low aesthetic value _ high aesthetic value
(visu&l dive feb'y)

la:k hismri: or

.=.'."/Jua:Jon:L lucheologicaJ site _ his'.oti= or atcheotoglcldSite

Re_ezfionaJ _ la-..k _ssddve_,n,_a_,/rve _ pr_,=e some opportunr:,y _ pr=vide good
_onuni,'y rec_egfioh 1or pas_ve and a.-'Jve o_por.unities !or pine

re_e&don =nd lambed a='Jve

Lick interl:ormectJons wi'J_ rec_ea'ion (bitdwzt=hing.
Open Spl=:e ,_ some interconne¢';ons " r,_tnoeing or hi.mama)

wi-Jto;_en s;=ace

L many interc=nne=',Jons
_-:_.hJati=.:l:_ _ wiU1 open spa=e

l "" , .., ,

O_e.'_ll

q

*:*_.SS". 2 i.--'.:/Ir2
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°

DATAFOm_

ProJect/Sl_e. -_ ..... ¢.-;_, _- a,... r_,i v It . |UE-r_ .rqq_ fw-
Applicant/Ouner:_t _" _w_ , ,--_ rJ..- -_- '- .Na_e. __

.o .nvi.,.ntaT. mons.t:t th,pl.t o.  ty7 )
Yes _' No (If no, explain on back) "been stgnificsnt]y disturbed?
Hast-_-vegetation, soils, and/or hyorologY
Yes No _ (If yes, explain.on back)

VEGEfATION

• Percent HidPo|nt_
Tree Species Indicator " Areal • Cover1 of Cover

{P_l'_entCover Oi)tlon) _ _ _ Class R_nicz

_e -- m

3e --. - "

4e - -

7. - ' Sumof Midpoints
Dmtnince Threshold"Numberequals 5_ X Sumof Midpoints I _, _--_"

Percent Midpoint _
Indicator Areal Coveri of Cover

_hrub SneeZes Status _over I;1ass 1;:lass Rankz

4,

6.
7.
8.
g.

10.
• SumofMidpoints J_

DominanceThresholdNumberequals 5_ X Sum of Midpoints m

_TI _-_

Percent Midpoint _
Indicator Areal CoverI of Cover •

H)r)F and Forbs _;Tatus CoveT" Class Class Rinkz " "

6.
7.
E.
9.

"" Sumof Midpoints
DominanceThresholdNumberequals50% X Su= of Midpoints()?_

Coverclasses(midpoints):T < I% (none);I - I-5%(3.0);2 - 6-15% {I0.5);
3 - 16-25_ (20.5); 4 - 26-50_ (38.0); 5 - 51-75",,(63.0); E - 76-95_ (_5.5);
7 - 96-10_ (98.0).

To determinethe dominants,firstrankthe speciesby theirmidpoints. Then
c_ulatlvelysue the midpointsof the rankedspeciesuntil50% of the totalfor
Ill species midpoints is i_ediatelyexceeded. All species contributingto that
c_ulativetotal(thedominancethresholdnumber)plus_ny _dditionalspecieshay-
•In$_10% Of the totalmidpointvalueshouldbe considereddominantsand markedwith
an asterisk.

D_:MI3 • ,"
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..... "_ILS

Se_es/phase: ",i"- - -," ' Su_ _"p:_
Is the so_l on the hyaric soils 11st? Y_es_ No , Undetemined
ls the soil a Htstosol? Yes....- _ _ His:to eptpednnpresent? Yes , No _ _--

- |S the soil: Hurtled? ,Yes _ Hox Gleyed? .Yes lto ._[.,
_trix Color: I0_ __[f t_ttle Colors: .. ' -
Other hTdrtc sot1 indicators: " '
Is the hydrtc soil criterion met7 .Yes _<" No

" Rationale: • L-O_ C_-_'- "

. HYDROLO;Y

Is the ground surface inundated) Yes No _'_ Surface water depth:
Is the so|l saturated? Yes _ tin - _ //
Oepth to fret-standing water in ptt/so$1 probe hole: I i

Kzrk other field Indicators of su_ace inundation or soil saturation below:

-,. Oxtkftzed root zones Uater-statned leaves
' " Water marks Surface scou_ed areas• , , ,,,,

: Drlftlines .... Vetland drainage pattern's
" i_ater-bovne sediment deposits --Hovphological plant adaptations

Additionalhydrologicindicators:
. .- %%

c=ents: " "

Percentof do=inantspeciesthatmre OBL,FACI(and/orFAC: /_/_
Isthe hydroph_tlcvegetationcriterion=at? Yes :_" No
Is the hydrlcsollcriterionset? Yes _ No__
Isthewetlandhydrologycriterionet? Yes_No
Isthevegetationunitor plotwetland?Yes )<-No
btlonalefor _urlsdictionaldecision:

Co=ents {Hit4g;tlonOpport_nltles,Design _hanges):

lIIItlIlIilt iIIiIliIII ! I I ! ! I i I I i I I I ! I I I I _ I I

* Thisdata for.can be used for boththe Vegetatio:,UnitSa=pling Procedureand the
OuadratTransectSamplingProcedureof the Inter=co,ate-LevelOnsiteDeter=ination
_lethod,or the QumdratSamplingProcedureof the Co=prehensiveOnsiteDeter.ina-
tlon_ethod. Indicatewhichmethodis used.

Classificationaccordingto''$oilTaxono=y."
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" Do nom_] "eavironaental conditions extst atthe plant commun|ty? _'_"_-
Yes __.;____No (If no, expla4n on back)
i_s the 'veget-z'_on, soilS, a_d/or _drologY been significantly disturbed? -
_es NoZ_ (If yes, explain on back)

m m m I

VEGETATION
,.

• Percent HtdPointl
Tree Species Indtcithr Areal - CoverI of Cover

fP_Pcent, Cover Octet)n) Status Cover ._UJ.._ I_1ass Rank2

2. _Lv_)_ _

4 o , L ,,,

5.
6e ._ e, ,

7" Sumof l!ictpoin_s_,
DominanceThreshold"Numberequals 50_,X Sumof H|dpoints

........ Percent Midpoint_
Indicator Areal Cover_ of Cover

ShrubSneeZes Status Cover _l_tss _1_ss R_nkz

Z.
3.
4.

$.
9.
10.

Sumof Midpoints _.Dominance Threshold Humberequals 5_, X Su_ of Hidpoints

Percent 14idpotnt s
Indicator Areal Cover_ of Cover

I_erb_tn_ Forbs $_ltus Cover Class _lass _z

_°
3.
4.
S,
6.
7.
8.
9.

• Sun=of Midpoints ItS, _'-
DominanceThreshold Humberequals 50¢ Z Sumof Hidpoints _" ,Z_

II_m, II _ I m'_ I m m m m m I m m I I I I _ m m m I _ m -- I _ _ m m I m I m _ - I

Coverclasses (midpoints): T < 1_ (none); 1 - 1-5_ (3.0); 2 - 6-15_- (10.5);
3 - ]S-aS= (20.5); 4 - ZS-5_ (3S.O); 5 - S)-TS: (63.0); _ - 76-9S= (aS.S);
7 - 96-10_ (_8.0).

z To determinethe dominants,firstrankthe speciesby theirmidpoints. Then
cumulativelysumthe midpointsof therankedspeciesuntilSO: of the totalfor
)llspeciesmldpol_s Is immediatelyexceeded.All speciescontributingto that
cumulativetotal (thedominancethresholdnumber)pTus anyadditionalspecieshav-
ing2_ of the totalmidpointvalueshouldbe considereddominantsand markedwith
an asterisk.
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• s_zcs

e" " • .. • _. SubgrOup:Ser4es/phas . _ , • • . .
-" Is the so|l on the h_trtc soils iis$?_es " No_._ Undesemlned

- Is the so41 a Htstoso)? Yes ..... No _ HisS'to eptpedoo present? Yes )Co _ _--,
.... Is the soil: .l_ottled7 Yes ____ 14o___. Gleyed? "Yes 14o

...... Natrix Color: I/) _ ,,_/_, , Mottle Colors: • ,
.., - "Other hydrtc so-tl indicators: .....

Is the hydrtc so|) criterion me_ Yes ___ No _ ,_ ,*....Rationale: /_'_P_ Pcc¢-_'_ C.- )N_$CPq T_.

IffDROLOGY

rs the groundsurface Inundated? Yes.__ _o Surface water depth:
Is the sot1 saturated? Yes ,. IIo_
Depth to free-standing v_ter in ptt/sotl probe hole: _Ol_J_: __"
Markother field indicators of surface inundation or soil saturation below:

Oxidized root zones --, , , _ Water-stained leaves
gater marks Surface scoured areas
Ih'tft lines Wetland drainage patterns

. .. , . Water-borne sediment depostts Horphologtcal plant adaptations

Percentofdo.i"nts.ciesthatareO,L. ,.d/or
Is the hydrophyttc vegetation criterion met? Yes >r- No

• Is the hydrtc soil criterion met? Yes No _'-___
Is the wetland hydrology criterion met? Yes _ No
Is the vegetation unit or plot wetland? Yes No
Rationale for _urtsdicttona] decision:

• - _-_' i _p S _V__ rJ__,-F-_JA _--'T

Co_ents (Mit4gstton Opportunities, Design Changes):

I I I i ! ! i ! I I I I ! I i i i I I I

* This data fo_= can be used for both the Vegetation Untt Sampling Procedure and the
Quadrat Transect Sampling Procedure of the Inte_aediate-Leve] Onstte Deter_ination
Method, or the Quadrat Sa=pling Procedure of the ComprehensiveOnsite Determina-
"tfon Method. Indicate which methodis used.

z_
Classific-'tion according t_ "Soil Taxonomy."
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DATAFORM

Appltcant/Omzer: _'_ . pl_n_ I.. ,7

bP-
Do norl_l envtr_mnental conditfons exist at the pla_t cmmmmlW?
Yes _ No (If no. explain on back) . " " "
Has the vegetation, soils, and/or hydrology I)een significantly disturbed?
Yes No _ (If yes. explain on back)

o

......... VEGETATION

• Percent Hidp ointl

Tree Species ]nd'tcator Areal CoverI of Cover
(Percent Cover Ontion_ _tatus I_oveP _ Class Rankz

la -- "

_e , • =u

4,

Go i. i --

7.
Sum of Hidpoints

Dominance Threshold Number equals 5_ X Sum of Hidpntnts

........... Percent Hidpoint _
Indicator Areal Cover_ of (;over

_b Species " Status I_ove. _lass C1ass Rankz

Z.
3.
4.
S.
6.
7_ _-

8.
9.
10.

• Sum of Midpoints
DominanceThreshold Number equals SO'_.X Sum of Hidpoints q _. 7_ "

Percent Hidpoint _
Indicator Areal Cover_ of Cover

• Herbs and Forbs Status (rover . Class Class R_nkz

2. _t_?_. _ E_ _r__

6. _ _ _ _;_- - \)_- "_
7.
8.
9.

Sum of Hidpoints _--_1", _)
Dominance Threshold Number equals 50_. X Sumof Hidpoints _'_'.

Cover classes (midpoints): T < 1= (none); I - 1-5= (3.0); 2 - 6-15"- (30.5);
3 = )6-Z5_; (20.5); 4 - Z6-50_ (38.0); S - 51-73_ (63.0); 6 = 7E-95,'; (25.5);
7 - 9e-100= (ge.O).

z To determine the dominants,first rank the speciesby their midpoints. Then
¢mmlztlvely sum the midpoints of the ranked speciesuntil 50% of the total for
ell speciesmidpoints Is immediatelyexceeded. All species contrlbutin9 to that
c_Izt_ve total (the dominance thresholdnumber) plus any additional speties hzv-
ing 2_ of the total midpoint value should be considered dominants and marked with
an asterisk.

D&:KI3 611/qr_
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s_%LS

-. Series/phase: - Subgroup: ZI +
•_ - - - Is the soil on the hydrtc soils list? Yes _ No ..._ .Und_ermineo

Is the soil • Histosol?. Yes ..__No ._c- HiSttC ePipedon present? Yes., No _ P'-
...... Is the sol1: Mottled? Yes .___No _,.gleyed? Yes No _

-- Hat_z Color: 10 _--,-/t Nottle Colors:
Other hxdric sot1 i_ica_ors: _._,l )_ _'n_ /_VC_. . .
Is the hydr+c soil triter+on met? Yes _" No

• - .... HYDROLOGY !

Is the ground surface inundated? Yes _ No. ...... Surface water depth: -_ _
Is the sol1 saturated? Yes _" No
Depthto. free-standing water in pttlsotl probe hole:
)tart other field indicators of surface inundation or soil saturation below: i

......... Oxidized root zones - + Mater-stained leaves
Watermarks Surface scou._ed •ross :

- ' Drift lines ..... ._._Wetland drainage patterns
Water-borne sediment deposits 14orphological plant adaptations

......... ¢

-- Additional hydrologic indicators: ' -
.... _ %. •

Coanents:

c

Percento do,n•nt,.ct. thatire08L. and/orFAC: %
Is the hydrophyttc vegetation criterion met? Yes _ No
]s the hydrtc soil criterion met? Yes ,_, No .
Is the wetland hydrology criterion met? Yes __ No
Is the vegetation unit or plot wetland? Yes ___ No,
Rationale for Jurisdictional decision:

Cements (Htt-tgztion .Opportunities, Design Changes):

o-

* This data fom can be used for both the Vegetation Unit Sampling Procedure and the
Quadrat Trlnsect Sampling Procedure of the Intermediate-LevelOn•ire Determination
He•hod, or the Quadrat Sampling Procedure of the Comprehensive On•ate Determine-
'•ionHe•hod. Indicate which method is used.

Classification according t_ "Soil Taxonomy."
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DATAFORM
eOUTI_E OKSI1T ;/

........ a'-r" " +%_/_N;_J 4 ,RAY'e_O_] Date: ------'----rlelO JBveS_lg s :- "

Appl icant/D_mer: r-v_ -.- " -

Do norual env,roumental conditions exist- at the plant c--m, tY, : L)_'_- - --J_
Yes ;_" No _ (If no, explain on.back) .'.. •
Has the veget@_on, so|ls, and/or hydrology been significantly disturbed?
Yes No_._.. (If yes. explain on back) •

V£GETATIOH

- Percent Hidp oint_

Tree Species.. Indicator Areal Covert. . of Cover
' fPe_:ent Cover O_t4on_ • Status _ Cove. _ Class Rank2

le i , ,

2.

3. . - "'
4.
5.

6.
7.

Sum of Hidpoints
DominanceThreshold Humber equals 5_. X Sum of Hidpotnts

.............. ' Percent -,_-U_aPO_ntl
Indicator Areal Coveri of Cover

Shrub Soec(es Status Cover Class _lass R_nkz ....

_._, D_c- _Ac.O /,_0 0"_,0 I .
2.
3.
4.
5e
6.
7.
8.
9.

10.
Sum of MiOpoints__

DominanceThreshold Humber equals 50_.X Sum of Hldpoints

Percent Nidpointi
Indicator Areal Cover I of Cover -

Herb; Ind Forbs Status Cove- Class [lass Rank2

I.
2.
3.
4.
S.
6.
7.
8.
9.

Sum of midpoints __
Dominance Threshold Number equals 50"_._ Sum of Hidpoints __

Cover classes (midpoints): T < 1% (none); 1 - 1-5% (3.0); 2 - 6-15_ (10.5);
3 - }6-25_ (20.5); 4 - 26-50_ (38.0); $ - 5)-75_ (63.0); 6 - 76-9S_ (e$.S);
7 - 96-100_. (98.0).

z To determinethe dominants,first rank the species by their midpoints. Then
cumulativelysum the midpoints of the ranked species until 50".of the total for
Ill species midpoints (s immediitelyexceeded. All species contributing to that
cumulmtivetotll {the dominmncethreshold number) ))us any _ddition_l species hav-
ing 2_ of the totml midpoint vmlue should be considereddominants mnd marked with
_n _sterisk.

D(:Ml) 611/9_
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•rzLs
Sort el/phase: " Subgroup'._
Is the soil on the h3_lrtc soils list? Yes No _ Unde-t-enained
Is the so|l z Htstosol? Yes No H'_tc optpedon present? Yes No -_ _ :
Is the so_l: Hottled_ Ye_;_.._ No _ Gleyed? .Yes _ Ho >e-

.... _trlx Color: It) W_ 21_- l_ttle Colors: . • ......... .......

.... Other hydric soil indicators: •

Is the hydrlc__soil.crlterioo__?I rJ_Y_"_"Ifes- ,o :_' (_)- I_._i/ I0 _I',_-)/2- L_li_C_'_/Rationale: NO H_h_..IC.. I

HYDROLOGY

Is the ground surface inundated? Yes No _ Surface water depth:
Is the sotl saturated? Yes No _ -
Depth to free-standing rater to'pit/soil probe hole: N_)/_ __
Mack other field indicators of surface inundation or sot) saturation below:

, Oxidized root zones .. Wzter-statned leaves
' Water marks Surface scoured areas
Drift lines • Wetland drainage patterns

• ' Water-borne.sediment deposits Horphologlcal plant adaptations

Additional hydrologic indicators: " t_P_/_/_" ..... -"

Comments:

f

Percentof dominant species that are OBL, FACW and/or FAC: _)
Is the hydrophytlcvegetation criterionnet? Yes No ,_
Is the hydrlc soil criterion met? Yes No_--
Is the wetland hydrology criterion met? Yes No
Is the vegetation unlt or plot wetl:nd? Yes No
Rationalefor _urisdictional decision:

t

Counts {Mlti;ationOpportunities,Design Changes):

* This data form can be used for both the Vegetation Unit $ampllng Procedure and-the
Quadratlransect Sampling Procedure of the Intermediate-LevelOnslte Determination
Method, or the Qua:rat $a_ling Procedure of the Comprehensive Onslte Determina-
'tionMethod. lot:cote which method is used.

A

Classificationaccording to''$oil Taxonomy."

AR 042067



DATA FORM

Applicant/Ovner:_:O_ . plant _ _,tt.y /

-oo.orm.,l...,_.tal :o.dltlo.s._istatthepla.t:o,._,._
Yes _ No _ (If no, explain on back)
Has the vege_a_on, soils, and/or hydrology been significantly' disturbed? ."•

- Yes ,,,lio _ (If yes, uplsin on back)

................... _iT_ .......
Percent Hi dpo t nt _

Tree Species Ind|cstor Ares1 ' Cover I of Cover
('Ptrt:ent Cover Ootionl Status _(_ve, I_lass Class .Ranlcz

3.

_o

7.. Sum of Midpoints
Dominance Threshold Number equals 50% X Sum of Midpoints fM.

Percent Midpoint _
Indicator Areal Cover_ of Cover

Shrub Soec_es _;atus Covem C1ass _1_ss R_nkz

3._3_. h_ _:_. _ck).

7."

_.

9.
10.

Sum of Midpoints
Dominance Threshold Number equals 50g X Sum of Midpoints 6,F.)_

Percent Hi dpoi nti
Indicator Areal Cover I of Cover -

H_; _nd _o_bs Status _gv_r _l_ss _lass R_nkz

_._J_Jv_J._c?-,_ _J- _c_ 9_5.o _
z._ F_c-, _

3.V_..-n_ _0_ .____ _4. _:_. _6._..,_ ,.),_ ,.,w_'T _ _ -_

6.
7.
8.
9.

Sum of Midpoints
Dominance Threshold Number equals 50% X Sumof Midpoints _I q.

Cover classes (midpoints): T < )_ (none); I - 1-5= (_.0); 2 - 6-_5_ (_0.5);
3 - 16-Z5_ (.20.5);4 = 26-50% (38.0);5 - 51-75% (63.0);6 = 76-95% (_5.5);
7 - 96-I00% (98.0).

z To determine the dominants, first r_nk the species by their midpoints. Then
cumulativelysum the midpoints of the ranked speciesuntil 50".of the total for
)ll speciesmidpoints is immediatelyexceeded. All species contributing to that
cumulativetotal (the dominance threshold number)p)us any additional species hmv-
ing 10% of the total midpoint value should be considereddominants and marked with
an asterisk,

-.

AR 042068



Series/phase: " Subgroup: ;
Is the soil on l_he h_vclrtc soilsJist? Yes No_ Unde/.ermned

- IS ?,he soil • Histosol? Yes _ .No_.. H*stic eptpedon present?: _es No _ _,
Is the soil: Hp_tl, ed? ¥_s .._-- NO_-_-.-Gleyed? Yes , No _

• - 14atrtx Color: lO _, _/f Hottle Colors: •
OCher hydric soil indicators: _

Rational e: ' _o _ ) / " tw

• - - HYDROLOGY

IS the ground surface {nundsted_. Yes No _ Surface water depth: I
IS Ule soil saturated? Yes .__Ho .. S_'_, AT _/et _,/_)_ Sljl_lr_
Depth to free-standing water in ptt/so_t probe hole:
14arko_5er field indicators .of su_ace _nundatton or sot1 saturation below:

• O_tdlzed root zones ....... ": Vat•r-stained leaves
Water murks Surface scoured areas
Drift lines ........... go•land drs|nage part,•ms
Water_borne sediment depos|ts ..... Horpholog|cal planf, adap_.at.tons

Addtt|onal hydrologic indicators:
.... %% " .

/

Is the hydroph_tc vegetat|on criterion met? Yes _ No
Is the hydrtc soil crtT.er_on met? Yes X _ No
Is the wetland hydrolo_ criterion met? Yes .._._-'No
Is the vegetatfon unit or plo_. wetland? Yes _c_ No
Rationale for :lurtsd_ctional decks|on:

Ce-,ents (Ht_-_gst_on Opportunities, Design Changes):

* Th_s data form can be used for both T.he Vegetation Unit Sampling Procedure and the
Ouadrat Transect Sampling Procedure of the Intermediate-Level Ons_te Determination
He•hod. or the OuadraT. Stapling Procedure of the Comprehensive Onset• Deteme_na-
"t_on He,:hod. ]nd|cate which method is used.

Classification according to''$o_] Taxonomy."
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_TA FOi_

App ica tl:e �t#IN,-e: '
Donormal environmenta' conditions exist.at the plant community? _._/.a _:_

I

. Yes _ No.._._ (If no, explain on back)
Has the vege;a_don, soils, and/or hydrology been significantly disturbed?
Yes ....No _ (If yes, explain on back)

mmmmmmmm

VEGETAT1OH

Percent Htdpoint_
Tree Species Indicator Areal Cover_ of Cover

fPe_JenTCoverO_ttonl Status _ _veP _ Cla_s Rankz

Z.
3.
4 • _ i i, •

3.

7" Sumof _idpoints--_-_--
DominanceThreshold Numberequals 50"_.X Sumof Hldpotnts

.................... Percent Hidpoi nL_
Indicator Areal Cover_ of Cover

_hrV_ Soec_es Status Cover _lass _la_ Ran_z

2. _o_J_ 5"T'._)L._._. _3.s_ _c_s_ ___ r_c _]
4.

6.
7.
8.
9.

1o.
Sumof _i_points_3_ ._

DominanceThreshold Numberequals 50_ X Sumof Midpoints _V,_

Percent Hidpoint _
Indicator Areal Coveri of Cover

Hit)) androrbs _ Cover Class _lass Rankz

5.
6.
7.
8.
9.

• Sumof Mi_points_ _ .
DominanceThreshold Numberequals 50_ X Sum of Hi_points ul,_

Cover classes (midpoints): T < l_ (none); ! - 1-5= (3.0); Z - 6-15_ (10.5):
3 - 16-25_ (20.5); 4 - 2_-50_ (3S.0); 5 - 51-7_ (63.0); 6 - 76-9_ eel.S);
7 - 96-100_ (9e.0).

z To determinethe dominants,firstrankthe speciesby theirmidpoints.Then
cumulativelysum the midpointsof the rankedspeciesuntil50% of the totalfor
Illspeciesmidpointsis immediatelyexceeded.All speciescontributingto that
cumulativetotal(thedominancethresholdnumber))7usany additionalspecieshav-
ing Z0%of the totalmidpointvalueshouldbe considereddominantsand markedwith
an asterisk.
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s zLs

Seri eslphase: Subgroup:_
Is the soil on' the hydrtc sot'ls list? los go ' Und_emined '
2S the soil • Htstosol? Yes ___ No _ H-_tc eptpedon present? _es No _ ,
Is the so(l: Hottled? Yes ,, No_ Gleyed7 Yes No _, _--
Hatrix Color: IOm41_, "_/f I'_ftY I_ottle Colors: •

....... Other hydrlc s011 Indiclt6rs:N_ O"f+_Y'-_ f/_/E)IC--4-F_RC P_--_'_" ._ ...........
" so11 criterion met?the hTdrtc ,- Yes _ No " __

4D_

.... - ....
HYDROLOGY

No ,_ Surface water Oepth: -"-'--Is the ground surface tnundate_? Yes ,
Is the soil saturated? Yes No j,,h,e_',,
Depth to free-standlng,wster in.Pitlsollprobe hole: _)N_" ,_"/_rF "}'_ _ q
Mark oCher field indicators of surface inundation or soil saturation below:

•. -- Oxidized root ZOneS Water-stained leaves
. -- Water marks Su_ace scoure_ areas

Drtft I tries Wet1and dret nage patterns
Ware--borne sediamn: deposits , Morphological plant adaptations

Additional hydrologic indicators: " _ _ _"_ ! _ _ _ 0 _._./_h.)t t -7"_r_/_

Percent of dominant species that are OBL, FAL_ and/or FAC:
Is the hydroph_tc vegetztton criterion met? Ye_ _ No
Is the hydrtc sot1 criterion met? Yes _ No
Is the wetland hydrology criterion met? Yes No )_"

Is the vegetation unit or plot wetland? Yes. No_%_ _L_C_Rationale for Jurisdictional decision: 2_ 0_ _,-Fo_

Cements (Mit4;ationOpportunities, Design Changes):

" This data form can be used for both the Vegetation Unit Sampling Procedure and the
Quadrat Transect Sampling Procedure of the Inte_ediate-Level Onsite Determination
Method, or the Ouadrat Sampling Procedure of the Comprehensive Onsite Dete_ina-
•tion Method. Indicate which method is used.

,
Classification according to' "Soil Taxonomy."
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DATAFOIm

Pro ect Site" _Dr_JP_ / f_._'(_ _,_ ........J / " _ I nt Colmunl # Name...... -*_,r- .--
kPplicsnt/O_ner: _O_ ,. r a ty / • . _

" cod -" exi"st at the p_ant Co_suntty?" :" ' _ _" 7Do norl_l envirormenta/ n talons
.... Yes_ He " • {It" no, explain on back)

Has the veget_,T._on, soils, and/or hydrolo;Ly been significantly disturbed?
- Yes No/__. (If yes, explain on back)

VEGL'TATIOH

•. Percent Htdpoi nt I

Tree Spec|es |.ndicator Areal Covers of Cover
(Percent Cove?"Ootton_ _tatus Cover _;lass _lass Rankz

3° •

S.
_°

"" 7* "
Sumof Hidpoints

Dominance Threshold" Number equals 50"_-X Sumof Htdpotnts

Percent Hidpoint I
Indicator Areal Cover s of Cover

Shrub Soecies Status Cover I_la_s _ I;1as_ Rankz

2.
3.
4.

_.

6.
7.

8.

20.
Sum of Hidpoints

D_nance Threshold Number equals $_*J-X Sum of Hidpolnts _._

Percent Hidpoint_ (
Indicator Areal ._ Cover 1.. of Cover •

H@r))) ant) Forbs Status Cover _lsss " _r_ass

2._C_lF_OkJ% _v_C_I_.O. ( _.3._'_ _-r, i_. ,_o _ .:_

6.__ _-r" __- _
7. _Ok-_ c_#. --
s. _ _7_ _. _ _

• Sum of Hi_points
Dominance Threshold Number equals 50_- X Sum of l_idpoints

1 Cover classes (midpoints): T < 1% (none); 1 - 1-5% (3.0); 2 - 5-15_ ()0.5);
3 - ]6-25_ (20.5); 4 - 26-50_ (38.0); S - 51-7_ (G3.0); 6 - 76-95_ (S5.5);
7 - 96-I0_ (98.0).

z To determine the d_Inants, first rank the species by their midpoints. Then
cumulativelysum the midpoints of the ranked species until 5_ of the total for
mllspeciesmidpoints is immediatelyexceeded. All species contributing to that
cumulativetotal {the dominancethreshold number)pTus any additional species hav-
ing 2C¢ of the total midpoint value should be considered dominants and marked with
an asterisk.
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SOILS

Series/phase: Subgroup:_
Is the so_l on.he hyartc soils ltS_? Yes., . lio Und_emined
ls the soil a Histosol? Yes No_ Htstic eptpedonpresent? Yes No

- ls the soil: Nottled? _s "-'--No _ Gleyed? Yes No _"Matrix Color: ]_ _ tr, ----" _ l_ttle Colors: • ..
Other hydric sot1 Indicators: . /
]s _e h_rt: soil criterio. _-et7Yes_ .o, 0 - )._ " I_ h'P-_-/' _vtJ¢_"Rationale: 'L_O _P_Z_fv_/_

)KDROLOGY

Is the ground surface tnund;ted2_ Yes No _ Surface water depth:
Is the soil saturated? Yes_Ho. _-----_, _ _J_. //
Depth to free-standing _rter in ptt/soil probe'hote: • /
Harkother field indicators of surface inundation or soil saturation below:

, Oxidized root zones .... _ater-statned leaves
_ater marks Surface scoured areas

._._'Drtft lines getland drainage patterns
, _ater-borne sedimen_deposits .... Horphologtcal plant adaptations

Additional hydrolog|c indicators:

•

Comments:

.!

Perce,tOfdo.in,nt,peciesthatareos_._ ,nd/_C: I_ _o
Is thehydrophyticvegetation crlterlon_t? Yes_ No. -
Isthe hydrlcsoilcriterionmet? Yes_ No __ '
Isthe wetlandhydrologycriterionmet? Yes _" No
Isthe vegetationunitor plotwetl=nd? Yesann
RationaleforJurisdictionaldecision:

Ce-,ents (Htt_g;tion Opportunities, Design Changes):

* Thisdataformcan be usedforboththe VegetationUnitSamplingProcedureand the
Quadr;tTrmnsectSamplingProcedureof the Intermediate-LevelOnsiteDetermination
_ethod,or the QusdratSmmplingProcedureof theComprehensiveOnslteDetermina-
"tlonMethod. Indicatewhichmethodis used.

A Clzsslficztionaccordingto")oil T;xonomy."
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DATAFOR_

ROUTINEOItSIXE DErE-I_XNATIOelI_EllIOD'I>_J

Appltcant/0wner: I_U_ I * P|an_ Ce-__mit_ l/Ham.e: LlY_'r(-_e,.Y_
j*

" - 00 no_ environment.1 *ond'*'ons e*'** at the _l ant COmWl_Lln' tY ' .... _%_ D. _

-- Yes ._No (If no, explain on back)
Has the vegetatio_% soils, and/or hydrology been .significantly disturbed? -.-

Yes -. No .._(If yes, explain on back)

VEGETATION

..... Percent Htdpotnt 1
Tree Species Indicator Areal Cover1 of Cover

- fPe_:ent Cover Ootionl Status Cover Class Class Rank2

1.
2.
3.
4.
$,
6.

Sue of Hidpoints __
Dominmnce_reshold'N,-_herequals $0_',XSue of Midpoints__

Percent Hidpointi
Indicator Areal Coveri of Cover

_h_b SneeZes Status Cover Class Class lank z
1.
2.
3.
4.

6.
7.
8.
g.

10.

Sum of Hi0points__
D=inance Threshold Humber equals _ X Sue of Hidpoints __

_ _'_'_ _J:_(_IL)V_Percent" i " "Hidpoint'-"
_ (._r_-- i'Indidgtbr'lAreal Cover of Cover

Herb_ an_ _prb) Status Cover Class Class lankz

z._._ _ __

4. "T_,_ t_

6.
7.
8.
g.

• Su= of HidpointsDominmnce Threshold Number equals 5_ X Sue of Midpoints

i Cover clmsses (=idp0ints): T < 1: (none);I - I-S% {3.0);2 - 6-15% {10.5);
3 - 16-25% (20.5); 4 - 26-50_ {38.0); S - 51-75% (63.0); 6 - 76-g5_ {85.5)-7 - 96-10_ (98.0).

z To determine the do=in_nts, first rank the species by their midpoints. Then
cueulativelysum the midpointsof the ranked species until 50% of the total for
allspeciesmidpoints is imediately exceeded. All species contributing to that
c_ulative totzl {the do=inance thresholdnumber) pTus any additional species hav-
ing 20_ of the total midpoint vmlue should be considereddo=inants and mrked withan asterisk.

AN 042074



_ZLS.. , o .

' rO- . Series/phase: Sub9 up: . ,
- - Is the soil on the hydrtc soils list? _Yes__ No _.__ Unde_ermned

". Is the soil a Histosol? Yes _No _ Htsttc epipedon,pr_se_ Yes _ No _ "- "Is the soil: Mottled?_ ".Yes_No ..__ Gleyed? Tes .__. No _... ..
..... KatrixColor: 1_ W'_ J/% T_IK_' Hottle Colors: v_K "

"'.:: cs t') I_ t/

: HYDROLDGY

Is the ground surface inundated? Yes__ No _ Surface water depth:

•Depthto free-standing water in pit/soil probe hole:
•- I_ark other field indicators of surface inundation or soil sa%uratton below:

....... ,,-Oxidized root zones , Water'stained leaves
' Water marks , Surface scoured areas

Drift lines - , ,, ,Wetland drainage patterns
...... Water-borne sediment oe_ostts Morphological plant adaptations

.dttional hydrologic indicators: AJ_ U _ p_ _7:_JT_. //_)

..

Percent o_ dollnant specles that are DBLI FACW and/or FAC_, __ _f C_ _

Is thehydruphyticvegetationcriterionmet? Yes No _lP-ia'_
•Is thehydrlcsollcriterionmet? Yes No _
Isthe wetlandhydrologycriterionmet? Yes . No
Is the vegetation unit or plot wetland?Yes , No _"
Rationale for jurisdictionaldecision:

Co-,_ents(Mit-i_ationOpportunities,DesignChanges):

IllliIlllll

"Thts data form Canbe used for both the Vegetation Unit Sampling Procedure and the
OuadratTransectS_mplingProcedureof the Intermediate-LevelOnslteDetermination
Method,or the QuadratSamplingProcedureof theComprehensiveOnsiteDetermina-
•tionMethod. Indicatewhichmethodis used.

Clzssifica.ionaccordingto "SoilTaxonomy."
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DATAFOm¢
• ROUT]NEO_TI'E DETEI_INA.TZON)l_100".

Applicant/Owner: PO_ Plant Community #/Name: IJ.F_::'7-e..._'_Jf_ C

-Do no_] environmental conditions eztst at the plant ce___m__,ntty?

- Yes _No (If no, explain on back) " " bP-- _
Has the vegetEt]J_, soils, and/or hydrology been significantly disturbed?
Yes No _ (If yes. uplatn on back)

YEGErATIOH

- - Percent -.....N(_-o_n *l
Tree Species Indicator Areal Coveri . of Cover

" (Percent Cover ODt4onl Status Cover Clas_ Class Rankz

;. ?eP.
3.
4.
5.
6.
7.

• Sum of llidpoints
Dominance Threshold Number equals 50"_.X Sum of Hidpoints _ • Z-_

Percent Hidpoint 1
Indicator Areal Cover1 of Cover

Shrub $o_c_es Status Cover Class Class Rankz

3.
' 4,

!

10,

Sum of _i_points _
Dominance Threshold Number equals 50"_Z Sum of Midpoints

Hidpoin:i_" " iPercent ,,
Indicator Areal Coveri of Cover •

Herbs and FOr)_ Statw Cover C1ass C1ass Rankz

3. A_ _JL. _'_;J ,_-1_ _ l _J(
4. _)I _ - _\_-

6.
7.
8.
9.

• Sum of HidpointsDominance Threshold Number equals S0_ ICSumof Hidpoints

1 Cover classes (midpoints): T < 2_. (none); I - ]-5= (3.0); 2 - 6-2S_ ()0.5);
3 - 16-25_ (20.5); 4 - 26-50_ (38.0); 5 - SI-TS_ (63.0); 6 - 76-95_ (£_.5);7 - 96-10_ (98.0).

z To determine the dominants,first rank the species by their midpoints. Then
c_latively sum the midpoints of the ranked species until 50% of the totzl for
Ill speciesmidpoints is imediately exceeded. All species contributing to that
cumulativetotal {the dominancethreshold n_ber) _7us any additional species hav-
ing 20_. of the total midpoint value should be considered dominants and m_rked withan asterisk.

D/, :KI3

6/1 _FZ
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SOZLS
A

Series/phase: Subgroup:
• v. .__. No___ tlndetemined

Is the soil on the h_rtc soils"ltst?_sIs the soil a Htstosol? Yes , No Histtc epipedonpresent? Yes No _, _ •
Is the soil: _ttl_ _Ye_ No _ Gleye_ Yes _ No .

.... _trix Color: C-c-c:_v _/0 ..Mottle Colors:...
Other hydrlc soil indicato.*s:
Is the hydrtc soil. criterion.me? Yes tie . _)._ ty )_)L//_, _/j _ i;_'r L_/'_/_

HYDROLOGY

Zs the ground surface inundated? Yes No _ Surface water depth:
Is the soil saturated? Yes _No ..
Depth to free-standing water in pit/soil probe hole: _ I_
Hark other field indicators of surface inundation or soil saturation below:

--Oxldlzed root zones _Wster-statned leaves
• I_ater marks. Surface scoured areas

" ___Ortft ltnes "-'A,_'getland drainage patterns
, _/ater_-boroesediment deposits Horphologtcal plant, adaptations

%%

Percent of dominant species that are OBL, FAL_and/or FAC:
Is the hydrophyticvegetationcriterionmt? Yes _ No
Isthehydricsoil criterionmet? Yes _ No
Is thewetlandhydroloLvcriterionmet? Yes _No
Is thevegetationunitor plotwetland? Yes _:-No
Rationalefor _urisdictlonaldecision:

i _" _ ___ _'__ __

Ce-,ents (Htt_gztton Opportunities, Design Changes):

" Thisdataformcan be usedforboththe VegetationUnitSamplingProcedureand the
QuadratTransectSamplingProcedureof the Intermediate-LevelOnslteDetermination
_ethod,or the Quadrat$aa_llngProcedureof theComprehensiveOnsiteDetermina-
•tion_ethod. Indicatewhichmethodis used.

Classificationaccordingt_ "SoilTaxonomy."
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• Site-P_'_ _/_ - _ " _;_>

Appltcant/O_mer: WD5 plant C_m_nity t/

•- Do norm_ enviro--ntal condlt,ons exist at the plant-comwn, ty? L_ _'--! (-J
Yes _ No =__ (If no, explain on back) -
Has the vegetat/_On, sells, and/or hydrologY been significantly disturbed?
Yes - _ He ..t____(If yes, explain on back)

VEG£TATIOH
*

-- Percent Htdp otntl

Tree Species Indicator Areal " Cover s of Cover
(Pfrcent Cove. O_ttonl Status Cover _ Class Rank2

2.goP ,,,
2.
3.
4o ull, i,

S.

7. . Sumof Hidpo'i'nts _ •Dominance Threshold Number equals S_. X Sum of Htdpotnts

Percent Hidpoint _
Indi cater Areal Cover _ of Cover

Rankz
Sh-ub Soecies Status _;over _lass C_ass.._

_. v,r-_-_,-_,,,__r_._;_ 1_
4 • , ,

6.
7.
8.

I0.
Sum of Hidpoints

Dominance Threshold Hu_ber equals 50% X Sum of Hidpoints

Percent . Htdpotnt _
Indicator Areal Coveri of Cover

14)rb_and _orbs Status _:ove, Class C1ass Rankz

__q#__2. 'l_.,o_ _I._ u/'_ =-IAJ. _e.t3-' _ -
3. _._-_¢_. _-,'_ _9"u- _ "---
4. _,__,%-_c_. _u_ _ -vr< ---
5.

7.
8.
9.

Sumof Midpoints
Dominance Threshold Number equals 50: X Sum of Midpoints Iff, O

( Cover classes (midpoints): T < I% (none); I - I-5% (3.0); 2 - 6-15% (10.5);

7 - g6-lO_ (98.0).

z To determine the dominants, _irst rank the species by their midpoints. Then
cumulativelysum the midpointsof the ranked species until 50% of the total for
111 speciesmidpoi_s is imediately exceeded. All species contributing to thmt
cumulativetotal (the dominancethreshold number)pTus any additional species hav-
ing 2_ of the total midpoint value should be considered dominants and marked wlth
an asterisk.

_:_I3 " "*_
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SOIL5

Series/phase: " Subgr°uP:_
the sot1 on the hyOrtc soils list? _ No Und_emined" J__. soila,tstosol7V.,__. No ,-_tc ,t,d, p_,,,_7.._-- ,o___ 'i_

]s the soS1: Mottl,ec_ ,Yes ._.- Ho_:: Gleyed? Yes No
Matrix Color: If) _ .,_/2.. .. Hottle Colors: • _[ , _
Other hydric soil indlcltors: N_J_ _D F;;LJ_ (__X# /G) _ar_ _../Z. _.
Is the hydr_cso|1 criterion a._tT_ Yes ___ No_... _-_. (.- _T'L._D' _'_:)

... Rationale: _ 5F--_e_- _ ,_-LCT_/'L_' ___A/L. _..

HYDROLOGY

Is the ground surface inundated? Yes Ho _ Surface water depth:
Is the soil saturated? Yes " No ._'_
Depth to free-standlngwater-in plt/soil probe hole: ,N_)_" _:>t_'_'_,
I_rk other field indicators of. surface inundation or soil saturation below:

- . Oxldtzed root zones - Water-stained leaves
• Water marks Surface scoured areas
Drift lines - Wetland drainage patterns
Water-borme sediment deposits Rorphological plant adaptations

d_
Percento_dominant,.:iesthatareO,L,_A_and/_r_AC:.u_ /o
Is the hydroph_Ic vegetation criterion met? Yes_ No
Is the hydrlc soil criterion met? Yes No ,_ ._.
Is the wetland hydrology criterion met? Yes No
Is the vegetation unit or plot wetland? Yes No_"
Rationale for _urisdictional decision:

o,_-q I _ _ c__,--_-_,_ _,

Co-_ents {Mtt4gatton Opport-ntttes, Design Changes):

" This data form can be used for both the Vegetation Unit Sampling Procedure and the
Quadrat .Transect Sampling Procedure of the Intermediate-Level Onstte Determination
Method, or the Quadrat Sm=pllng Procedure of the Comprehensive Onsite Deter=ina-

i "tion Method. Indicate which method is used.

Classificationaccording t_ "Soil Taxonomy."
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APPENDIX D:

WETLAND PHOTOGRAPHS

DES MOINES CREEK REGIONAL DETENTION POND

KING COUNTY,WASHINGTON

CiP #1A1767

AR 042080



APPENDIX E:

PLANTLIST

DES MOINES CREEK REGIONAL DETENTION POND

KING COUNTY, WASHINGTON

ClP #1A1767
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PLANT SPECIES LIST FOR DATA PLOTS AND STUDY SITE
DES MOINES CREEK REGIONAL DETENTION POND

KING COUNTY, WASHINGTON
ClP #1A1767

Wetland
Scientific Name ._ Common Name

-.-:_- Status

A/nus rubra red alder FAC

A/opecurus geniculatus water foxtail OBL
Angelica genuflexa Ikneeling angelica FACW
Athyria felix-femina llady fem PFAC
Be#is perennis English daisy . ]UPL
Carex stipata sawbeak sedge FACW+
Conium maculatum :)oison-hemiock FAC+

iComus stolonffera red-osierdogwood FACW
Corylus comuta beaked hazelnut FACU
Cytisus scoparius Scotch broom UPL
Eieocharis palustds creeping spike rush OBL
Epilobium watsonii Watson's willow-herb FACW-
Equisetum arvense field horsetail FAC
Fraxinus laUfolia IOregon ash FACW
Hedera helix IEnglish iv}, IUPL
Holcus lanatus velvetgrass rFAC
Iris pseudacorus yellow flag IOBL
Juncus bolanderi Bolander's rush OBL
Juncus bufonius toad rush FACW
!Juncus effusus soft rush FACW
Lemna sp. duckweed OBL

Lonicera involucrata black twinberry FAC+
Lotus corniculatus birdsfoot trefoil FAC
Lythrum salicaria purple Ioosestrife FACW+
Maianthemum d#atatum false lily-of-the-valley FAC
Oemleria cerasfformis Indian plum FACU
Phalaris arundinacea reed canarygrass FACW
Poa sp. bluegrass FAC
Polystichum mun#um Sword fern FACU
Populus trichocarpus Iblack cottonwood FAC
Pteridium aquilinum bracken fern IFACU
Ranunculus acris tall buttercup !FACW-
Rosa nutkana Nootka rose :FAC
Rosa pisocarpa clustered wild rose FAC

Rubus discolor Himalayan blackberry FACU
!Rubus spectabilis Salmonberr7 FAC+
Rubus ursinus trailing blackberry FACU
Rumex occidentalis western dock FACW+
Salix lasiandra Pacific willow FACW+

i
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Scientific Name common Name Wetland
..... Status

• "Salixscouleriana Scouler willow FAC
Salix sitchensis Sitka willow FACW

Sarnbucus racemosa red elderberry FACU
!Scirpus microcarpus small-fruitedbulrush OBL
Solanum dulcamara !European bittersweet UPL
Spiraea douglasii Douglas spiraea 'FACW
Taraxacum officinale common dandelion UPL
Thuja plicata western red cedar FAC
Trifolium dubium least hop clover UPL
TyDha latifolia broad-leaved-cattail OBL
Urtica dioica stinging nettle FAC+

OBL _. Occuralmostalwaysin wetlands,undernaturalconditions,• 99%.

FACW Facultativewetland. Usuallyoccurinwetlands,but occasionallyfound innon-
wetlands,67-99%.

FAC _. Equallylikelyto occurin wetlandsand non-wetlands,34-66%.

FACU Facultativeuolarld. Usuallyoccurin non-wetlands,butsometimesfoundin
wetlands,1-33%.

UPL Upland. Occurinwetlandsin anotherregion,but occuralmostalways, under
naturalconditions,innon-wetlandsinthisregion(Region 9), <1%.

NI _. No indicatorstatusassigned.
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APPENDIX F:

WASHINGTON STATE
FUNCTIONAL ASSESSMENT RATING FORM

DESMOINESCREEKREGIONALDETENTIONPOND

KINGCOUNTY,WASHINGTON

ClP#1A1767
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Depressioual Outflow

Summary of Function Assessments

Function Index

Potential for Rcmoving Sc_im.cnt 0.7
Potential for Removing Nutri_ts 0.5
Potential for Removing Heavy Metals and Toxic Organics 0.7

Potential for Reducing Peak Flows 0.5
Potential for Reducing Dccreasing Downstream Erosion 0.5
Potential for Groundwater Recharge 0.0

G_cral Habitat Suitability 0.9
Habitat Suitability for Invertebrates 1.0
Habitat Suitability for Amph_'bians 0.6
Habitat Suitabilit7 for Anadromous Fish 0.9
Habitat Suitability for R_idcnt Fish 1.0
Habitat Suitability for Birds 0.8
Habitat Suitability for Aquatic Mammals 0.6
Habitat for Native Plant Communities 0.8
Primary Production and Export 0.6

Docalcs.xls 4/13/99 1
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APPENDIX G:

FIELD DATA FORMS
FOR THE

WASHINGTON STATE WETLAND RATING SYSTEM

DES MOINES CREEK REGIONAL DETENTION POND

KING COUNTY, WASHINGTON

ClP #1A1767
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i iii i

Wetlands Rating Field Data Form

BackgroundInformation:........

Location: ]]4Section: , ._ofl/4S: " Section:L__'5--TOW_¢h_P:_,,'_ .l_ng¢ _4,.

Sources of Information: (Check ell'sources that apply)

Si_visic _ .USGSTopoM_: p/_NWI_: __Phom: ,w/Sogs_

0_r:. __ Dcsc='b¢:

i

i

Q.1. High Quality Natural Wetland Circle Answers

Answ_ ¢bisquestionif you have adequateinfor=_on o¢=xpezi_ce w do so.
_not _,,a someone with the _ to answ_ the questions.Tmn, Jl'tt_
answ_ w ques_ons la, Ib and 1c areall NO, com=_ the Nannc_ He_t.age

programof DNR.

la. Hmnan mused disturbances.

Is there do_c,,,t ¢vJ_,,_'_oflmmau-caused changes w ¢opo_zphy or
hydrologyof_he wetlandas;,_;e_,_ by any of_he following conditions?
Condd¢_ onlychanges_mayhavemlmnplac=intl_la_5 decades. The
_mpac_,of changesdoneearUe_have probablybce_ _ andthe w_=,,a
ecosystem will be closeloV-_eMngsome new equ_ofium _ may
ahigh qual_ w___-_ .

.o

lal. Upsumm v_ _,.,__ > 12_ impervious. _ gom Q.2
la2. Wetlandis di_ =M waterflow is no_obsmcted. Yes: go _ Q.I
la3. Wetland!_ becn-B_aded,_led, logged. Yes: go m Q.2
la4. Water in w_l_md is co==on_d by dikes, w_s, etc. Yes: go to Q_.
la_. Wetland is _zr.ed. Yes: go Io Q.2
la6. Otherindicatorsof disturbance(lis_below) Yes: go to Q.2

_._ e__cc ' No: goto lb.
F '{'#"
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Ib Arc therepopu_om of uon-uzttve Planeswhi_ ar_cunm_ luesem, YES: go m Q_ !
• covermore _-- 10% of the wetland, and appearto be _.o metre No: go to lc. -

populations? Briery descdbe any non-naive plato populationsand
_on so=_s):,,

1c. Is _¢ _,i_ Ofh,,_-_ dLmubancesw'oichhavevim-oly YES: go w Q.2
degradedwazm-quality. Evidence of the degradationof wa_ quallt7 NO: Possible Cat. I
include: direcz(u=ueamd)r,nofl'_omroadscclm'idngloC¢ presence, conm_DNR"
or _stodc evic_--__,of wasmdumps;,ony sheens;,the _,,_u of orga_c
c.bcmicals;orRfestockme. I_lefly descdb¢-

" Q_. Irreplaceable Ecological Functions:
Doesthewetland: (NO to a11:goto Q3)

@ haveaxleast1/4acreof'organicsoilsdeepertb_ 16Inches YES goto 2a

andthewetlandisrelatively_ OR _/6 [o_e_ o,*_
[]If m,. m_'w_ is NO becm_seZhew_and is distm'bedbdefly _b¢:
Indictors.ofdisturbancemay include.: _;_b,t,_c_

-WetlandItt_berngraded,_lled,Io_ _ ._r _ t_b5 i_
- Orgamcso_ onthesurfacearedried-outfor -- f..ieox';n,_, qr,,d,,,¢_

+ " morn*h,-halfoftheye_. _,_ _J_'_ _t_
- Wetlandzeceive_ direct stormwa_ runofffrom @o,,_e ,_
urbanoragdcuRm'alareas.]; - --

OR

@
have aforesmdclass grea_ $hau1 acre; _m2bOR

@ have_csofanesmarinesysrem; YES:Goto2c _o
OR

@ haveeelgrass,floatingornon-floatingkelpbeds? YES: Go to2d _•

2a. Bogs and Fens
Are any.oflhe _ee following conditions me_for the areaof organic son?

!2a.l.Are.Sptmgnummossesacommon groundcover(>.3_)_ndthe
cov_ of invasive species (see Table 3) is less th_ 10_7

Istheareaofsphagnummossesandd__,>_organicsoils> I/2acre? YES: CategoryI
Istheareaofsphagnummossesanddeeporganicsc_lsl/4.1r2acre? YES: CazegoryH

NO: Go to 2a.3

2a.2.Is therean areaof organic soil which has an emcrgem classwRh atleast
one species fromTable 2; andcover of invasive species is < 10% (seeTable 3)7

Isthearcsofherbaceousplan= anddeep organicsons• I/2acre? YES: CamgoryI
Istheareaol'l_-baceousplan_anddeeporganicsoilsI/4-1/2a_e? YES: CamgoryII

NO: Go to2a.3
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2L_. ISthevegetation a mimm_ of only h=baceous p_--_ andSphagnmn
mosses with no sm-ub/sl=ubor foresa=l el,_.__?

Is the areaof l_ba_o_us pl_.t_. S.-__-_m. anddeep organic
soils > la acre? YES: _ I

unls 1/4-1/2 a_e? YES: _ II

NO: Go toQ.3.

Q.2.b.1%_tureforested wetland.

2b.L Does50% ofthecov_ofupperfore__3Fy _._e_of_ YES: C_gory I
_,_esolderthan80 years cr ,be_h,ous trees olderm_ $0),cars? (_c Goto 2b.2
Note: The-_ oflreesisc_*m.nnot a meastweof age, =-__-_-cannot _5"7,ICl__, tf_
beused as a surrogatefor ag¢(see guidan_). S_o _re_ctD_-c_

2b.2. Does 50% of the cove_of fore= canopy consistof evergreentrees older _: Goto 2b.3
than50 years,AND isthem2-umm-zldive_ity of the fore_ high as _0:. Go to Q.3

byanadditionallayerof_'ees20'-49'tail,shrubs6'-20',
rail, anda herb__c_--3usgrm,-_ver?

2b.3. Does<25% ofthearealcove_inthe_us/groundcover or YES: Ca,egory I
Ith=shn_ layerconsi_ofinva._v_J_.oficplanzspecs F_-om_1i_ onp. i97 NO: G6 m Q.3

• Q..?z.F.atu.zrinewetlands.

2=1. Is the we/land lianas National Wildlife Refuge, Na£ionalPazk. YES: Ca_gory I
National_ Reserve.,NaturalAreaPreserv_Sr,,e Park.¢_ NO: Go to2c.2
Educational,Envn'o-m_-_=_orScientificReservesdesignatedunder
WAC 332-30-151? .....

2a2_ Is the wetland> 5 amw; ............................ YES: Ca_gory I
Note: If an areacontorts p_,_h,_ofsalttolerantvegetationthatare
1) less r.han600 feet apartandthatareseparaxedby nmdfla_ thatgo
dry on a Mean Low "fide,or
2) tapm'zm.,dby tidal channe/sth,t areless th_ 1{30fee/wide.;
aI] the vcg_'_ areas _ to b_ co_'-ic_"_ tDgP._'_ in CalCtl]:itlng
the wetland area.

oris the wetlandI-5acres;...................................... YES: Goto 2c.3

orisfl'xew_tJ_-4< I acre?....................................... YES: Goto 2c.4

%
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. 2c,3.Does tl_w_x1_ ]nm=tatleast3 oftI_following4 cflt_Iz:..'...... Y'ES:Ca_.goryI I

• NO: Camgory H

....• • . _.. - . . .

.. ,,. -m_-_,,_,m_ uidcnr_of_m'_=,,relatedo_m_'oan__,'_as
diking,diw.hing._'m,,_.,cultivation._"_"Zorthepresenceof non-

- surf;_ w_-,"co,,-,_-_onwRhtidalsalrw_- ortidalfreshwater;,
• °

"-Eleast75% ofthe we_-rl has al0(Ybuff_ of ungr_ pasm_
openwatt,shn_ orforest;

:_ c.l:=.maelslagoon(s_,-woodydebris;,orcomiguous_ w,._,,,,_

2c.4.Doesd= wetlandme_ all o/_= fourcrimdaunder2c3. (above)?.. YES:CamgoryII
NO:Camgo_Ill

i |i l

i Q.2d. F.eJGross and Kelp Beds.
2d.l. Are eel grass beds pms¢_? ........ YES: Category I

: NO: go m 2d.2

_. _ _ there floating or non-floating k_Ip bed(s)presentwithgr,._s-than YES: C_gory I
50% mam'oalgalcoverintimmon_ ofAngustorSe3m:mb='?......... NO: _ory II _

p

(2.3. Category IV we_ands.
3a. Is the wetland: lessthan I acre_llC1,
hydrologically isolated
co_ ofon_veg___ classthatisdo_;,_.-'_(>80%arealcover) _Y'_S:CamgoryIV

by om species from Table 3 (page 19) or Table 4 (page 20 ) _.'go to 3b

To. Is tl_ wetlan_ less than W_oacres

and,_y_ogicany iso_d,"

_-_onevegemmdclass,_ > 90_ ofarealcoverisanycombin,_ionof _: CamgoryIV
speciesfromTable _ (page 19) INN_go to3c

IsIh¢we:_=-de_cavamdfromupland _d apond .cm_nerthanIacre .._: Ca_goryIV
wi_x_ a _ wa_ conzeccion to _, lakes, _ivm's,or om_ N_._. o u) Q.4
wetland,andhas< (2.1acreof vegetation.
II
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Forested 1 0
2 1
3-4 2

• 4 _

®
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4d. Structur_ diversity.
Ifth=wcflandhas afor=sted class,_add1 point ife_.h ofth= following
class_ is pre..se=twithin the for_'t_ _1_ and is larger _han1/4 acre:
-t=es> 50'tall..................... ..

-m=s20'-49' tail ................... . j-sl_l_. ............................
._ g_u_l covez................
Also add 1point ff _ is any"open _ or "aquaticbed" __1=_

immedi=_2yn_t to th= _ areaOc. thr.n_is no _ub/_rub _ (_ Jcme=gc=vegetationbctw=noh=m). YES -1

D=ide belowwthe.r. be-'w=a i
w_land el_s ishigh._ low or rim=? Ifyou think th= -- _ .z

ofint=spe.monfa_ in_ _ dial_-,_scon_accordingly _ Low - 1m'noullt

(i.e.amod_-aw.lyhighamountof_on wouldsco_a4, o__/] None -0 !
wht_amod=rat_.lylowamountwouldscot=a2)

none low low '

modera_ moderar_ high

4L Habitat features.
Answ_ questionsbelow,_ fcamr_ that apply,andscoreto figl_:

Isthereevidence_..attheopenor standingwaterwascausedby beavers YES ffi 2
IsaImmnrookerylocated within 300? YES = 1
An:rapmrne_Js4oc._rz_l.wirl_n.300'? YES = I
Am thrmatleast3standingdeadtrees(snags)peracregmamrthan
10" in diam_e.rat"bre.astMg1_ (DBI-F)?. YES = I
Az__ atleast3 downedlogsperacrewitha diameter
• 6" foratMastI0'inlength?. YES = 1
An:themareas(vcgcta_orunvegctaze.d)withinthewetlandthatan:

ponde,d for atleast 4month¢Olltof _'leyear, and _,cwetland has not I
qualified,ashavingan opcnwaterclassinQucsuon4b.? Y=-.S= 2 I
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4g. Connectiontostreams. (Scoreone answeronly.)

• does_ hue aperennials_:e w'am"co_ m a _', bemngsu'eam.
"" " ........ "'.i' "_.'i' : ";" "." _'-_

aseasonals_-facewaz__ m a _ be_ sw-_, YES=4

4_3Doestt_-wethndfancZionm e:qx_ or---_,",,-_-,"_h,_,_,ha
w'a=_,,,, E all _nm of meyearw a pezwndalsin:am. YF.S=4

4fr4Doesthew,t,_'l_m_fmx:fionto ea:pc_organicm_,_..rthn:_ugha surface
_w-a_conne_on m a su-mmon a seasonalba._? @ YES-2

4h.Buffers.
Scorn_- _ buffersona scale of'1-Sbasedonmefollowingfourdescfip_o_
Iftheconditionof mebuffeC_do note:r.a,nly ma_ tl_ descdption,scornei_m"a
pot_higl_orlow_d_.,_--on_ thebuff=sarelessormoredcgrad_

F'm'es_scrub.,-,_vegrasslandor openwan_b_=s m'eprcse_ for
moret_,- 100'_ 95_,of the cinmmfet-m_ Soom= $

F-caw_unub,nativegr_l_, oropenwaterbuffe_swiderthanloft
formoret_- 1/2ofthe wetl_ _ cra foms_ scrub,
grasslands,or openw'_,,,"buffe=sformorethan$0'around95% of the

• "_circn_'rerence. Scox-e= 3

.Fgre_scrub,retiregrassland,0r openwaz=buffe_widerthan100'
formoreth2. 1/4of the wetlandcir._,rn_renc_or..aforest,scrub.-=_ve
grassland,oropenwa_ bufferswider_n,, 50'for morethan1/2of_hc

wetlandcircumference.

No roads.'b_d/ngs orpavedare_ wirtnnI00'ofthew_landformornTh,,.

No roads,bu_clingsorpavedareaswithin25'of th_wetlandformore
th_ 95%of thecn_'nrnfe_nce,_r
Noroadsbuildingsorpaved areas within50'ofthewetlandformoret_.
1/2ofthev_J_d ch-cum_enmce. Score= I

Pawedareas,indnsuialareasor resid_--tialconszmction(withless Rmn50'
_ house)aul_s_n 25fee_fromthewetlandformorethan9_%

ottue__.nce ott_ewe_an_ (_) Scoxe= 0
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• o 4L Connection to other habf_
sere=the_=cdpeon_cb best_ t_=st=beingeve.._.a_ "

I

-Is the wetlandcmmectedm, Orpartof, Ldl:=:i=_=ozd,dor=z leas_107 wide

.i wldewl_goodfor=_orsbr_cove¢(>25=l,cover)__ttwltba
; Si_]Eabl_Anut? YP.S = 5

- Is the wetland connecud to any oeh_ Ihlzltzt A-,'ca,withe:tth="1) a lotto'ted/shrub !
• ¢ocddor< 10(7wide, (x 2) a a cm_Jor that is > I00 wide.,but h=s alow vcger_ivc

:. cover less *t_m6 feet in belgie. _F..S=3

....... -Istbewet]a_connec_to, orapaztof, az_padJmcm_dorbezwee=50-100'wide .
_withr,aub/shrub or forest cov="connect/on to other wetlands? YES= 3

.'Is thewe¢_ co,,-..n,_= anyod==._lt= A.,_with_ co_dor(<Ioo_
oflowvegezaeon(<6'_,,begirt)? YES= 1

- Is l_ wetland=_ its buffe:r(/f the buffer ./sless than50' wide) compl_y isola,_
byde.opine= (re'ban,_ v,dtba de_t7 p'_t_ tl_m2/=_-e.orLudus_a.l)? YES=0

• o'. • . .

Nowaddthe scores circled (for Q.Sa- (2.53above)to geta total.
IsmeTot=greatertb=aoreq==!to22eo_,,ts; _ =C=teeor_:1_ _

- NO = CategoryTTr
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Des Moines Creek

Fluvial Geomorphic Evaluation of]Bed Movement

Marit Lar_on andDerek Booth

Center for Urban Water Resources Management

University of Washington

April 1999

INTRODUCTION AND APPROACH

This report presents a fluvial geomorphic analysis of Des Moines Creek to aid the

evaluation of optimal detention and by-pass facility release rates with the overall goal of

minimizing channel erosion and habitat degradation. The approach taken was to identify

and clm-acterize a reach 0fDe.s Moines Creek in which the sediment movement would be

clearly affected by changes in flow. This reach was then used to predict the potential

response of the channel toflow conditions corresponding to various release-rate

alternatives.

Our analysis has two components. The first component is the estimation of=critical

discharge," the discharge at which the bed sediment begins to move. Although the

pattern of flows lower than critical may be relevant for providing a suitable environment

for aquatic organisms, we have focused only on the flows above the level that cause

sediment transport and resulting channel changes. The second component of the analysis

is a comparison of predicted annual sediment transport rates under the different design

alternatives, under the assumption that the lowest rate of transport probably would

correspond to the least erosive alternative.

METHODS

Reach selection:

Des Moines Creek was divided into four reaches downstream of SW 200_ Street. The

uppermost reach (approximately RM 2 to RM 1.6) has a relatively low gradient (0.005)

and wide floodplain valley. It is referred to as the "wetland reach." The stream then
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becomes steeper and moves into a narrower valley referred to as the "ravine reach." This

reach begins at R.M 1.6 and ends at the wastowat_ treama,_t reach _ 0.9), with a

typical chunrtelslope of O.03. The ravine reach can be further divided according to the

predominance of day outcrops on the channd bottom, but this distinction was not made

for the purpose of this study. Next downstream is the =wastew-ater trca_nem plant reach"

(WWTP), which runs fi'om the waste water treatment plant ut RM 0.9 to the culvert

beneath Des Moines Highway at RM 0.4, with a typical slope of 0.01. In the last reach,

called the "park reach," the stream runs downstream of this culvert through Covenant

Beach Park into Puget Sound.

Studyreacheswereevaluatedfortheirabilitytorespondtopotentialchangesin

discharge,andforthepresenceofhabitat/_eamresora channelformthatcouldbe

negatively affected by a change in the sediment transport capacity of the flow. The

wetlands reach was not identified as a reach of high concern, given the low gradient and

absence of critical habitat. The Des Moines Creek Basin Plan also did not identify areas ..,-.,

ofhigherosioninthisreach.The Parkreachwas alsonotconsideredextensivelyforthis '*_._:

study,becauseitisprimarilya depositions]areawiththelowestslopeinthesystem.

Transport capacity will almost certainly be greatest in the ravine reach due to the

extremely constricted valley cross-section and resulting lack of a floodplain, and the high

channel gradient.. High transport capacity is evidenced by the absence of either gravel

bars or pool-and-ri_e features throughoutthe reach. Scour of the banks along this reach

has required riprap in many locations along the fight bank to protect the road. The ravine

reach contains numerous locations where hillslope have failed, periodically introducing

sediment into the stream for transport and subsequent downstream deposition. Frequent

transport of all but the largest panicles occurs, and scour down to the hard clay

s'ubstrammis evident in some locations. As a result, the ravine reach will not respond

strongly to changes in magnitude and frequency of discharge. Instead, the channel

response is Iimited by the presence of clay, artificial armor on the channel banks and a

course gravel pavement on the channel bed.

2
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The WWTP reach was selected for sediment transport analysis because it is anticipated to

have the greatest potential response to changes in discharge. The presence of mobile

material on the channel bed also provided the best opportunity to evaluate the discharges

that do mobilize the bed. Unlike the ravine reach, the WWTP reach also had several

)i_ight sections unaffected by debris or confined bends - a simplifying condition

desirable for analysis of initial motion. Finally, the WWTP reach is almost entirely

_alluvial" - its bed and banks are composed of strmun-transponed sediment and so the

available sediment transport equations should yield useful results.

Channd cross-section monitoring:

A total of 8 cross-sectionswere establishedin threegroupsin the WWTP reach; in

addition, two cross-sections were established in the ravine reach. Rebar driven into the

bank,ornailsandflaggingdrivenintoatree,wereusedtomarkbothendsofthecross-

sectionsA longitudinalprofileof'thechannelbedandwatersurfacewas alsosurveyedat

eachsite.Theselongitudinalprofileswerecomparedtoslopesthroughouttheentire

reach,usingtheSewerDistrictPlansandProfilescompletedin1964and1986that

included streambed elevations. These engineering plans confirmed that the channel bed

slopes measured at the cross-sections were representative of the respective channel reach.

Channel bed particle size evaluation:

Surface bed material size was evaluated at each site in the W3_ITPand ravine reaches by

conductinga randomcountofatleastonehundredpebbleson abarorriffleof

homogeneoussubstfate.At theravinereachsite,thebarsandcross-sectionscontained

atypicallyfinematerialpotentiallyinfluencedbybackwaterfroma nearbydownstream

debrisjam.Thereforea secondpebblecountwas conductedapproximately50 R (15m)

upstreamoftheupstreameross-section.

Channelbed mobilization:

At eachcross-section,2-inch-long(5cm)wirehookswithflaggingattachedwere

insertedintothechannelbedat1foot(0.3m) intervals.The movementordisappearance

oftheseflagsaRermajorstormeventsindicatedwhetherthebedmaterialmoved. The
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flags were installed on 5/19/98. They were counted at the end of the summer and after

major rainevents during the fall of I998.

Estimate of or/deal discharge:

"Critical shear stress" and =critical di_Imrge" refer w the shear stress exerted by the

flow, and the magnitude of the flow, at which the median particle size of_e channel bed

beg_s to move. -Understandingthat the bed sediment becomes mobile over a range of

flows, we assume here that the shear stresses and associated discharges that mobilize the

medicm.ffrmn size cause initiation of motion of most of the bed This is a simplifying but

almost universally appIied assumption.

Measurement: of the bed slope, the water surface slope, and the bed material size at Des

Moines Creekwere used to calculate critical shear su'ess and cri_cal discharge There is

no single method of calculating critical shear stress and critical discharge approvriate for

all 8ravel-bed streams. Differences in equations of initial motion vary depending on how _.

initial motion is identified, for example. Furthermore, the conditions under which one :.

critical shear stress or critical discharge equation was developed can not be exactly

replicated, due to variations in bed-load u-anspon raze, sedimem supply, slope, relative

roughness, and flow regime. Thus, three methods for calculating critical shear stress and

critical discharge were considered here before one was chosen. These methods were used

in the analysis conducted by King County on Hylebos Creek, and they are common in

published studies.

_n_e_s Method

An equationby Andrewsusesa ratio of the subsurfacegrain size to the surfacegrain size

of interest to determine the dimensionless critical shear stress Andrews method was not

used in this study based on considerations :_.:sed by Buffing_on and Montgomery (1997)..

They argued that incorporating the grain s_z=sof the subsurface is reasonable in an

expression ofbedload transport, but it is less defensible in an expression for incipient

motion. They suggested that scaling the critical shear stress by the subsurface medium

grain size generally gives c_tical shear values larger than surface-based ones, because of

4
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bed surface armoring. Following this reasoning the analysis of the critical shear stress for

initial movement in this report only employs surface grain sizes.

Bathur3"tMethod

The second method we considered to predict flow conditions for the initiauon of

sediment movement is an equation presented by Bathurst et al. (1987):

q=.= 0.15 g0.5Ds0 S"1"z_

The Ba_urst eq___on expresses conditions at initial motion in terms of a unit discharge.

It is based on the observation that critical conditions for sediment transport are exceeded

in only pan of the channel at a time (Bathurst et al. 1987). The equation was developed

based on observations in steep boulder-bed channels for use in channels with high

roughness (Bathurst. et al. 1987), and it was employed by I_ing County on Hylebos Creek

(1996). The WWTP-reach of Des Moines Creek, however, does not have the steep slope

or roughness conditions for which this equation was developed. Thus, it is not

appropriateinthisestimateofcriticaldischarge.

,_hieldaMethod

Finally,theShieldsmethodofestimatingcriticalshearstresswas considered.The

Shieldsequationwas developedinflumeexperimentswherethebedparticlesizeswere

nearlyidemical;k establishesalinearrelationshipbetweencriticalshearstressand

particlediameter:.

_=.= e (p, - Pr) g D_

where:

"c== criticalboundaryshearstress(inN/m 2)
O = "Shieldsparameter"(dimensionless)
ps= densityofparticles(2650kg/m3)

pf--fluiddensity(1000kg/m3)
g = gravitalJonalacceleration(9.8m/s2)
Ds0= medianparticlesizeofthesurface(m)

Underturbulentflowconditionstypicalofvirtuallyallnaturals_reams,Shieldsfoundthat

that8 becomesnearlyconstantwithacomputedmean of0.06.ValuesofShields
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parameter computed for the entrainment of gravels and cobbles from natural river beds,

however, range from 0.02 to 0_.5. A variance from flume results is generally attributed to

mixed grmn sizes and various roughness elements. I

The Shields equation is used to calculate a critical discharge by estimating the flow depth I

and slope associated with the critical shear stress. Flow depth at initial motion is

determined by calculating the critical shear stress (using a selected Shields parameter), I

setting it equal to the boundary shear stress, and then solving for he.

=v,_ =Pr g S 1_ i

S = energy gradient
h== flow depth

Similarly, a total critical discharge (Qc) was estimated using a cross-sectional area

approximately associated with the calculated critical depth, and applying Mannings

eq._,tlon:

Q, = (AK z_ S'r_)/n

where: . . _
n (Mannings roughness coefficient, given a value of 0.035 for the reaches -- -:

• in question)
A = cross-sectional area at h¢(hydraulic radius)

Problems in achieving reliable results using the Shields method on gravel-bedded streams i

are associated with the assumption of homogeneous panicle sizes. On a gravel-bed river,

the topographic and textural heterogeneity of the bed and the varying sizes ofthe

surrounding particles influence the mobility of any given panicle. However, the Shields

method was selected for the analysis because many of the published studies offer

guidance on how to minimize this problem, and because of the more severe problems

with the other analyses mentioned above.

Estimate of bedload transport rate:

The bedload sediment discharge was evaluated as a function of discharge using the

Bagnold sediment u-anspon equation (Bagnold 1980). Selection of this equation was

based on the evaluation of Gomez and Church (1989), who found it most accurate in

systems similar to Des Moines Creek. The equation is:

6
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ib = O.I * ((CO-C0,)/0.5)1"5* CYIO-I)_n = (ds)/O.O011).o.s

where:

ib= submergedunk transportrate(kg/m-s)
o = • u (unitstreampower)
a_== 290dsoJalog(12y/dso),theanticipatedthresholdofsedimemmotion
o_,= thresholdsu'eampowerforinitiationofmorion

Y = depthofflow
= basalshearstressoft.heflow

U= mean velocity of the flow

A sediment rating curve, displaying the relationship between discharge and the

instantaheous sediment transport rate, was generated from this equation. Next, flow

durations based on HSPF modeling conducted by King County were used to determine

the cumulative average annual sediment load. To generate the sediment rating curve,

depths of flow were determined for the discharges used in the HSPF modeling. This was

done using HEC-RAS (1997) to model water-surface slopes at the downstream cross-

sections in the WWTP reach. The fraction of time a specific range of discharges

occurred (Figure 3) was then determined from the HSPF flow e,xceedence curve (Figures

2). Annual bedload at a given flow rate was calculated by multiplying the fraction of

time a discharge occurs (Figure 3) by the instantaneous bedload transport rate (Figure 4)

at that discharge and by the length of a year (3 x 10v sec). The cumulative annual

bedload was determined by integrating the bedload transport per unk flow rate over the

range of flows rates. The calculated bedload transport rates cannot be expected to

represent accurately the actual transport rates at Des Moines Creek, however, because of

the inherent approximation involved in bedload transport equations. Instead, they

provide a constant means of comparing the potential effects of the flow changes on

sedimem transport.

RESULTS - INITIAL MOTION ANALYSIS

Cross-section monitoring:

The bankfull cross-section geometry was determined for each cross-section (Table 1).

These parameters were used to compare the current channel geometry to data collected

on stable channels draining watersheds of similar size, and tO provide baseline data to
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monitorchannelchanges.The averagechannelwidthofDes MoinesCreaknearthe

mouth (9 m) is twice as wide as widths associated with relatively undeveloped

watersheds of similar sizes (3-5 m) (Both and Jackson 1997). As of April 1999, cross-

sections have not been re-surveyed.

Table 1. Cross-section C_omezry

Reach Width (m) Avg, Depth (m) Area (m')
WWTP = d.s. KS -1 8.I 0.5 4.4

XS -2 8.2 0.4 3.5
xs-3 10.5 0.3 3.5

- _ _ _,_ __
WWTP-mid XS -1 4.5 0.6 2.7

xs -2 7.1 o.s 3.4

-u.s. XS -I 5.9 0.4 2.5
X$ -2 6.4 0.4 2.7
xs -3 7.1 0.4 3.1

Ravine XS -I 7.1 0.6 4.5
XS -2 . 5.4 0.6 3.2

.;

Bed particle shv,e,:"-

Median particle sizes in the WWTP reach were very similar between the downstream and

middle sites and slightly larger at the upstream site (Table 2). Contraryto our

expectations, particle sizes were smallest at the cross-section in the ravine reach. This is

prolJably due to the presence ors debris jam in the channel 15 m downstream that causes

backwater during higher flow events, leaving fines to settle out in this reach, and

rendering these results unsuitable for sediment transport calculations.

Table 2. Particle Sizes (ram)

!DI6 D50 D75 Dg4
WWTP - d.s. 14 27 39 45
WWTP - mid 16 25 38 45
WWTP - u.s. 17 35 50 63
_avine xs 9 15 21 28
Ravine us 14 27 40 48

i
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Estimate of critical shear stress and critical discharge using Shields method:

The critical shear s_esses and associRt___flow depths obtained using the Shields method

are given in Table 4. Crkica] discharge (Table 5) was estimated using a hydrm_i¢ radius

('K)set equal to the calculated critical flow depth (Table 4) and the cross-sectional ar_

closest m tJ_s hydraulic radius. There is some variation in the results, because of the

local difference in stream conditions and because a range of Shields parameters was

investigated. How=ver, all of these estimated discharges are significantly lower than the

2-year flow oi'213 ¢_s (6.0 m3/s) calculated from HSPF for current condkions. Tlds

indicates that the bed is mobilized at flows less than the 2-year discharge under current

conditions, as is observed on gravel-bedded stremm throughout temperate regions of the

world

Table 4. Critic.a]shear stress for the initiation of sediment transport.

= ODsog(ps-p) Critical flow depth

(N/m2) h = / pgs (m)
Sub-Reach 0 = 0.06 0 = 0.045 0 - 0.06 0 - 0.045

WWTI) - 23.81 13.89 0.19 0.11
d.s.

WWTP- 21.61 12.61 0.18 0.11
mid
WWTP - 30.87 18.01 0.24 0.14
U.S.

Ravine xs 13.23 7.72 0.09 0.05
Ravineus 23.81 13.89 O.15 0.09

Table 5. Critical discharge estimates at the critical flow depths from Table 3.

Q==
e = 0.06 I e = 0.045

Ske (m3/s) cfs (m3/s) Cfs
WWTP -d.s. 1.4 50 I.1 40

iWWTP - mid 2.1. 73 1.7 60
WWTP - u.s. 1.3 46 1.1 38
Ravine 0.5 18 0.4 12

A = cross-sectionalareaatR approximatelyequaltoh_.

10
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Results are presented using two different Shields parameters: the value of 0.06 is taken

fi'om Shields" data on homogeneous grain sizes, wh_'eas the value of 0_045 is based on

typical values for visually determined mobility thresholds in rough, turbulent flow

(Bu_mgton and Montgomery 1998). The calculation ofQ_ fi'om the h¢ made here

assumes that all of the shear su'ess at that flow is exerted against the bed and available to

mobilize material. Since • is not partitioned in this calculation to reflect the dissipation of

some of the shear stress against the banks or other obstructions, the higher Shields

parameter of 0.O6 may be appropriate. However, the critical shear stress calculated at the

mid-WlW1_ reach Using 0.045 best fits observations of when the bed began to move,

both values are consistent with the bed tag data indicating bed movement between 35 and

88 cfs.

CONCLUSIONS

The best estimates of critical discharge at the three sites in the WWTP reach range fi'om

46 - 73 cfs (1.3 - 2.1 m3/s). Based on the bed tag observations, most of the bed is in

motionatflowsof88 cfs(2.5m31s)andvirtuallynoneat31 cfs(m3/sec).Observations _--__

inthefieldshowedthatthesurfaceofthebedwas on thevergeofmovement a discharge

of63cfs.The analysisofsedimenttransportusingBagnoldalsosuggestedthethreshold

ofmotionoccurs_tdischargesof60to80 cfs(1.7to2.3m3/s)atthedownstreamsitein

theWWTP reach.Together,theaboveanalysessuggestthata reasonable,slightly

conservativevalueof 60 cfsshouldbeusedasthecriticaldischargeintheWWTP reach

withthelikelyuncertaintyof+/-10cfs.

RESULTS - SEDIMENT TRANSPORT RATE ANALYSIS

The results of the bedload transport estimates are presented in the Figures 5 and 6. The

Bagnold equation predicts the threshold of motion occurs at approximately 60 cfs (1.7

m3/s),whichisconsistentwiththeestimateofcriticaldischargeusingtheShields

method.Figure5 (Annualbedloadperdischargeinterval)showsthatthedominant

discharge,orthedischargethatiscumulativelyresponsibleforthemostsediment

transport,isintherangeofg0 to150cfs(2.3to4.2m3/s).Thiscorrespondstoa HSPF-

II

AR 042109



modelresultof120cfs(3.4m3/s)forthe1.01-yem-discharge,andisconsistentwiththe

off-reporteddominantdischargelyingbetween1and 1.5yearson many temperaterivers

(Leopold,Wolman andMiller1964).

Figure6 showsthe effects oftheproposedalternativeson annualbedloadtransport

throughthedownstreamsiteattheWWVTP reach.Thecumulativebedloadtransport

wouldbe reducedfi'omcurrentconditionsby 60% underAlternativeIand74% under

Alternatives2 and3.

Table7.CumulativeAverageAnnualSedimentTransport(m3)

CURKENT ALT I(m3) ALT 2 (m_) ALT 3 (m3)
cross-section (m3)

W'WTP - d.s.XS -2 285 89 76 76
WWTP - d.s. XS - 3 261 79 6g 67

Average reduction fi,om current 69°,6 74% 74%

There is no direct quantitative link between the estimate ofbedload transport and the

magnitude of bed and bank scour. However, bedload transport is the best available

surrogate for channel erosion and therefore for channel stability. The bedload transport

calculations here show that Alternatives 2 and 3 are indistinguishable, that both are

preferable over Alternative I, and that all are significant improvements over current

conditions.

The approach to determining a target release rate presented here is based primarily on the
i

WWTP reach and therefore focuses on channel stabilky in that reach. However, i
managing flows to reduce the occurrence of events greater than critical for the

downstream reach will also reduce transport capacity in the ravine reach. Observations

indicate that the ravine reach is supply-limited, rather than transport-limited. Since most

material that makes it into the channel in the ravine reach is transported downstream, an

ideal objective would be to reduce the occurrence of flow events that effect significant

sediment supply in this reach. However, there is no direct relationship between stream

discharge and hillslope sediment supply. In the ravine reach, we are not aware of any

documentation providing evidence of the range of discharges at which erosion and mass

12
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wasting protests occur. Since major mass wasting events had not been noticed in the

ravine reach as of February 1999 (/:rank Osen, Superintendent of PubIic Works and Kick

Styles, ParksDcparmlent, City ofDes Moines personal communication), h is poss_le

that discharges up to 250 cfs (maximum discharge as February 1999 measured at the

mouth) do not necessarily trigger severe local erosion evems. Therefore, we speculate

that for flows in excess of critical (Qc = 60 cfs), minimizing discharges above 250 "cfs

• (approximately the current 5-yr discharge) may reduce sediment supply in the ravine

reach, but cannot be guaranteed to do so. Alternative 1, 2, and 3 all reduce the frequency

of the current 5-yr storm to benveen 10 and 20 years and, therefore, reduce the frequency

of evems which may comribute to increased sediment supply.

13
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1

ADENDUM

Construction of the access road along Des Moines Creek in the wwTP reach resulted in

loss ofsome riparian u-eeaand fine sediment and road gravel conm'bution to the stream_

The potential for much more sediment deposition exists when the sih fence, which is now

retaining many yards of gravel from the road embankment, fails. One of the most

important sediment management measures for Des Moines Creek in the short term would

be oversight of adequate erosion control measures when continued consmJcdon occurs on

this road.

15
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INTRODUCTION

This report summarizes and aquatic habitat d_r_ collected on Des Moines Creek, in the
CityofDes Momes, King County,WashingtonduringNovember and December,1998
andJanuary,1999.ThisstudyspecificallyaddressesthosereachesbetweenMarineView
Driveon thedownstreamendandthetopoftheravinebelowSE 200'hStreet,between
RiverMiles0.4and 1.8(seeFigure1 below).Datacollectedincludesa longitudinalor

thalwegprofile,substr_echaract_izadon,largewoody debrisloadingand flowvelocity.
These parameters and their m_,hods were chosen in an effort to collect data comparable
to that collected by Aquatic Resource Consultants in 1994 on the same reaches of Des
Moines Crock. It was hoped that, by comparing the two d_r_ sets, trends in the streams
morphological characteristics might be detected. As will be discussed later in the report,
however, there were problems in directly comparing the data sets.

STREAM OVERVIEW

Des Moines Cr_ek¢h_n_a largelyurbanizedbasinof approximately5.8squaremiles
locatedinthecitiesofSeaTacandDesMoines.ThisbasinalsocontainsSea-TacAirport

andtheMidway SewageTreatmentplant,Whichislocatedadjacenttothestreamnearthe
middleofthereachesstudiedhere.The highlydevelopedcharacterofthedrainagebasin
contributestoanunnaturally"flashy"flowre,me inthereachesstudiedforthisreport,
meaningthatflowdischargeratesriseandfallveryquicklyduringstormevents.Flashy
flowre_mes alsotendtobeassociatedwithlow s,)mmerbaseflows,asisthecaseinDes
Moines.Creek.Flashyflowre_mesarefzequentlyresponsibleformorphologicalchanges
instreamchannelssuchasincreasederosionanddowncutting,decreasesinpoolhabitats,
and"cementation"ofsubstratematerials.Theseflowrc_mes can alsobe responsiblefor
decliningfishpopulations,bothdirectlyby creatinginhospitableflow velociuesand
indirectlyviathemorphologicalchangesmentionedabove.Otherfactorsthatmay be
responsiblefordec)iningfishpopulations,such as waterqualityproblems,arenot
addressedby thisreport.

The reachesofDes MoinesCreekstudiedforthisreportflowthroughDes MoinesCreek
ParkandtheMidway SewageTreatmentPlant,whichliesinthemiddleofthepark.The
immediateriparianareasofthesereachesareprimarilyforestedwithdeciduoustrees(red
alder,big=leafmaple-someconifersarepresent,buttendtobe fartherupbank).However,
a buriedsewagepiperunsalongthefightbankofthestreamforalmosttheentirelength
ofthestudiedreaches.A pavedpedestrian/bicyclepathcoversthepipeand itisprotected
on thestream-wardsideby riprap.The placementof thesewerlineand itsriprap
protectionwithintheravinehasseverelyconstrictedthestreamchannel,especiallyinthe
reachesupstreamof thetreatmentplant.The resultinghardnessof therightbank has
forcedthes_eam intothesteepIcflbank,causingsevereerosion,largescarpsandslope
failuresinnumerouslocations.

The reach between Marine View Drive and the treatment plant, referred to hereafter as
the Plant Reach, is of lower gradient (averaging 1.7%) that the reaches upstream of the
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plant (averaging 2.S%). The ravine is wider and the channel is less constricted--but
certainly not unconstricted-by the sewer line. The sinuosity of the stream in th{.¢reach
has allowed for complex habitat to form. Several large pools with good cover, suitable for
rearing ofjuven/le coho and other fishes, exist in this reach (see photo #1 in Appendix
A). Gravelbedsthatappeartobe suitableforspawningarealsopresent.Examined
staticallyandnotovertime,habitatinthisreach,whilecertainlynotpristine,compares
favorablywiththatofmoststreamsinurbansettings.Instreamhabitatisgenerallyapool-
rifflesequencewithseveralexcessivelylongriffles,but alsoseveralexu-emelyhigh-
qualitypools.Erodingbanksand scarps,mostlyin the upperportionof thereach,
probablyaddRue sedimentstothestreambutexcessivefinesedimentsdo notappearto
be a problem.However,thereisevidence(seeLarsonand Booth 1999 attachedas
anotherappendixtothisreportanddiscussionbelowoflongimdinal/thalwegprofiledata)
thatthechsnnelbedisverymobileandthatthesehabitatfeaturesareprobablysubjectto
drastic changes over time.

A longculvertbeneathMarineViewDriveatthedownstreamendofthereachesstudied
forthisreportappearstobe atleastan impedimenttofishpassage(photos#2 and #3,
Appendix A). During many days of fieldwork in the reaches upstream of this culvert,
only one fish(a decomposing coho carcass found well upstream of the culvert) was
observed. Dmdmg these same days, several migrating and spawning adult coho were
observed downstream of the culvert.

The reach extending fxom the m_atment plant upstream to the gradient break at the
plateau south of SE 200m St., known h_er as the Ravine Reach, contains less
favorable habitat. The gradient of this reach is somewhat ste_per (averaging 2.S%) and,
more significantly, the channel is more constrained by both the adjacent sewer line with
its riprap armoring and the natural morphology of the ravine ¢oz)t-;n_ng it (photo #5,
Appendix A). While there is a moderate amount of large woody debris in the channel
vicinity, most has been swept to the channel margins and too few pieces interact
sufficiently with the active channel to create complex habitat. There are three fairly large,
channel-spanningaccumulationsof debrisinthisreach,alongwith the remnantsof
numerousothersthathavebeenswepttothechannelmargins.

Instreamhabitatwith;_theRavineReachismostlycharacterizedby longrifflesandstep-
runspunctuatedbyoccasionalscourpools.Thesubstrateisscoureddown tohardpanclay
(lacustrinedeposits)innumerousplaces(photo#7,AppendixA).Therearealsomany
erodedscarpsalongtheIcRb_n_.oppositethesewerline;however,finesecIimentsseem

tobe more prevalentinthesubstratenearthetopoftheravinethananywhereelse.In
general,habitatfeaturesaremuch lesscomplexincomparisonwiththoseof thePlant
Reachorlessdisturbedstreams.

LONGITUDINAL/THALWEG PROFILE

The longitudinalprofiledatawas collectedusinga hand levelwith5x magnification
mountedon a PVC poleata setheight(1.6metersor 5 feet,3 inches),sightingon a
fibe_=lasssurveyrod.A hip-chainmeasuringdevicewas used tomeasurehorizontal
distance.Elevationpointsweretakenalongthethalwegofthestreamandrecordedtothe
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near_ tenth of a foot; crofts were made to obtain elevations at the high and low points
of all morphological feann'cs along the thalweg.

The longitudinal profile begins near the top of the ravine, approximately 4,600 feet
upstream of the sewage treatment plant, and ends at the culvert inlet beneath Marine
View Drive, approximately 2600 feet downstream of the treatment plant. The reach
through the treatment plant property imdf is controlled by a series of concrete weirs and
fish ladders and was not included in the longitudinal profile. Graphical plots of the
longitudinalprofileoftheRavineReach,derivedfi'omtwo d_t_sets(onerecordedby
AlanJohnsonofAquaticResourceConsultantsin 1994andanotherby CountystaR"in
1998-99),areshownbelowinFigures2 and3.(Theplotissplitintotwo figuressothat
additionalderailmay beseen.)PlotsofthePlantReachareshown inFigure4.(Notethat
overaUelevationchangesinthetwodam setsarcdifferentby about5 percentandoverall
distances between known points were d_ffcrent by almost 10 percent. These differences
are due to the lack of precision of the insmm_ents used to collect the data. Data was
adjusted proportionally in order to make the profiles line up by using known landmarks
and stream featuresl.)

To maintainconsistency,AquaticResourceConsultantsranthe1998-99datathroughthe
same computerprogramthatwas usedtoanalyzethe1994data.Comparativestatistics
frombothyearsforthetworeachesarepresentedbelowinTable12.

Therearcseveralproblemswiththiscomparisonof d_t_First,thereachlengthsarc
different,whichisprobablydue toimperfectreplicationof thereachessurveyed(i.e.
differentstarRng/endmgpoints,c_'peciallyintheRavineReach),tothelackofprecision
ofhip-chainstylemeasuringdevices,andtodi_erentstylesofthedam collectors.Second
isa diferenceinresolutionofthedata,asmightbe expressedinthenumber ofpoints
recordedper100feetofdistance.(Approximately30% more pointswere recordedper
reachduringthe1998surveythanduringthe1994survey.)Thiscouldeasilyresultina
diferenceinthenumber and sizesofpoolsrecorded.(e.g.A higherresolutionsurvey
mightrecordmore,smallerpoolsthatmightbe missedby a lowerresolutionsurvey,
therebyaffectingnotonlythenumberofpoolsrecordedbutalsotheiraveragesize,etc.)
Thirdisthelackof figuresforthe1994surveyoftheRavineReach.None of these
problemscanbe eitherfixedorassessedwithoutaccesstotheprogramusedtoanalyze
thedata sets.

Withtheabovequalificationsstated,thecomparisonofdatasetsshowsfewdeRnite
trendsinchannelmorphology.However,theprofileshapesdo show thedifferences

lDistancefiguresin the 1998damsetfortheRavineReachwereincreaseduniformlyby 5.54%and
elevanonfiguresby 5.9%.1998PlantReachdistancefigureswereincreasedby 8.1%andPlantReach
elevalionfigureswerenotadjusted.
2Damanalyzedforthesetableswasnot adjustedasdescn'bedabove.
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TABLE1:STATISTICAL CoMPARI3ON OF1994AND1998LONGITUDINALPROFILEDATA
Ravine Reach

1998 1994

Res, Length Calc- 2D Bed Res. Length Calc. 2D Bed
Depth ofPool AreaSqFtPerim Depth of Pool AreaSqlrt Perim

Mean 0.8 30 14 31 Mean
Median 0.7 27 9 28 VIedi_m 0.7
Minimum 0.1 4 0.3 5 _ 0.I
Maximum 2.4 144 86 144 Maximum 4.0

Numberof Residual,Depths: 71 Numberof ResidualDept_ 62
To_lReachLength(feet): 4596 TotalReachI._gth(feet): 5330

TotalLengthwithResidualDepth: 2145 TotalLengthwithResidualDepth(feet):
Percentof Reac,hwithResidualDepth: 47 Percentof ReachwithP,_idullDepth:
ReachBed.Slope(pertent): 2.9 ReachBedSlope(percent): 2.6

Plant Reach |

1998 1994

Res. Length Calc. 2D Bed Res. Length Calc,2D Bed
Depth of Pool Area SqFt Perim Depth of Pool Area SqFt Perim

Mean 1.2 37 24 37 Mean 13 29 19 30
iMedian 1.0 33 14 34 Me_I_,, 1.2 24 I 1 25
Minimum 0.2 6 0.6 6 Minivmxm 0.2 4 0.3 4
Maximum 4.7 94 110 95 Maximum. 4.4 73 95 73

_qumberof ResidualDepths: 43 Numberof ResidualDepths: 48
_rotalReachLength(feet): 2583 TotalR_ch Le=$th(feet): 2952
_l'otalLengthwithP,_dualDepth: 1575 Totall,enBdawithR_'idmdDepth: 1416
!Percentof ReachwithResidualDepth: 61 Percentof Rear.hwithResidualDepth: 48
IReachBed_Slope(percent): 1.7 ReachBedSlope(_t): 1.7

between the reaches-the Ravine Reach is obviously much less complex than the Plant Reach and
is lacking in large pools-and that there appear to be several large pools in the Plant Reach that
didn't exist during the 1994 survey. Perhaps most importantly, the fact that the profiles of the two

data sets-especially those of the Plant Reach-appear to be so different indicates that the system
is dynamic and changing. This is not at all surprising given the flow regime and the fi-equency of

large storms during the intervening years. The accompanying report by Larson and Booth (1999)
indicates a high rate of bedload transport in this reach during commonly occurring discharge
rates. It appears likely, therefore, that the channel bed morphology in the Plant Reach changes

si_ificantly over time, that pools are formed and filled on a relatively regular basis, and that
spawning beds are disna'bed frequently du.,'ing the winter months.

Again_ due to the lack of precision of the instruments used to collect the data, these profiles
should not be used to assess channel downcutting or aggradation or the actual relative elevation
of the channel features.
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SUBSTRATEfBED MATERIALS

Wolman pebble counts (Wolman, 1954) were conducted on 1/6/99 at seven cross-sectional
n'ansectsthroughoutthestudied reaches.As withthelongitudinal/thalwegprofile,theintentof
thisstudywas toreplicateascloselyaspossibleand comparer_'ultswiththoseofthe1994
studyby AquaticResourceConsultants.Thesetransectswerelocatedinan efforttoduplicateas
closelyaspossiblethoseestablishedbyAquaticResourceConsultantsin1994.Whiletheprecise
locationsofthoseor/ginaltransectsarcnotknown,everyeffortwas made toduplicatewhatis
known of thoseoriginaltransects(e.g.theirrelativelocationswithinthestudyareaand the
habitattypesin which theyare1ocat_).However,onlyS of the transectsappearto be
comparabletothe1994transects.(DataforallseventransectsisincludedinAppendixB.)

Once thetransectswere established,one hundredclastswcm selectedatrandom alongthe

transectf_omordinaryhighwatermarktoordinaryhighwatermark,measured,and
assignedtosizeclasses.The followingprocedurewas then applied toeachtransect'sdatasetin
ordertoobtainD35,Ds0,Ds_andD1003foreachtransect:

The percent of particles or clasts w_th;_ each transect that are finer than the lower Hm_t of each
size class4 was plotted on a graph, with the log of that lower l_miton the X axis and the log of the
percent figure on the Y axis. A linear regression was then established using that plot and the
equation of that line dctc._ined. This equation is in the form of y-mx+b. Dx was then
determined by the formula:

logx-b/m = logDx
!

Dx valuesforthe1994and1999samplesareshownbelowinTable2:

TABLE2: SI_rRATE PARTIC_ SIZ_ DISTRIBUTION

Transect#/ D_s(mm) Dso (mm) Du(mm) Dl0o(mm )
HabiUtt Type 1994 I 1999 1994 I 1999 1994 [ 1999 1994 1999

5/R.un w/gravel bar 13 16 20 33 70 93 165 131
6/Ri£[le 21 9.8 36 22 88 74 205 II0

g/Poolw/outLWD" 15 .03 27 .6 61 42 200 173

10/Bldr.pocketwater 30 39 92 69 270 1 156' 520 i 205
ll/Shallow pool 14 3 19 13 57 1 103 220 1 208

• *No poolscompletelyvoidofLWD were foundinthevicinity ofthe1994 transectduringthe 1999 sampling.A
rootwadwas adjacenttothepoolsampled,butdidnotblockorsJ_;ficantlyaltertheflowpatternsduringnormal
flows.

Aga;n;thereareproblemswitha directcomparisonofthe1994and 1999datasets.Firstand
foremostamong themisthefactthatthetransects/samplingsitesazenotidentical.Featuressuch
as poolsand riffleshave highlyvariablecharactm-isdcswith_ the systemand even with;n
smallerroachesofthesystem,soitwouldbeunrealistictoexpecttwopoolstohaveverysimilar

D3sisthatparticlesiz_whichislargerthan35%ofthesample;Dsoisthemedianparticlesize;Du istheparticle
sizewhichislargerthat84%ofthesample,andDmoisthelargestparticlesizeinthesample,as_termmedbythe
regressioncurvees_blishedbytheabovemethod.Thesevalueswerechosenforcalculauonbecausetheywereused
byAquaticResourceConsultantsm their1994study
' Sizeclassesused:0-0.85mm(silt),0.85rea'n-2ram(sand),2ram-25mrn_25ram-100m_,100ram-256mm,
>256mm.Clastsfallingintothelargestsizeclassforeachtransectwerediscarded.
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suhstrate compositions. Second is the fact that the exact method used by Aquatic Resource
Consultants to arrive atthe 1994 figures is unknown. Sevea-alvariables in methodologies could
easily explain differences in these two dut_ sets.

Given these q,,al_fications, the o_ly detectable tread is one towards an increase in fine sedim_Ilts

in pools (Transects 8 and 11). If this trend is real, the most likely causes are an increase in fine
sediment mzpply due to the numerous eroding bunl_ in the Ravine Reach and upper portion of
the Plant Reach and/or and increase in erosive flow levels.

In general, substrates throughout the studied reaches appear mlitable for salmonid spawning in
terms of size and distribution. There is some cementation of gravels near the upper end of the
Ravine Reach and exposures of hardpan clay in both reaches, but there arc numerous places,
especially in the Plant Reach, where substrates of suitable size and distribution for spawning
exist. However, as noted above and in the study by _n and Booth (1999), the substrate-
especially in the Plant Reach-appears to be highly mobile and subject to regular scour and
redistribution at commonly occurring discharge rates. It is likely, therefore, that salmonid rcdds,
especially those created during the winter months (coho, stcdhead, chum), would be subject to
disturbance and consequent egg mortality.

LARGE WOODY DEBRIS (LWD)

Large woody debris was inventoried throughout the _udied reaches. Each piece of LWD, defined
for this study as those larger than 20cm in diameter and thr_ meters in length, was meamn'ed
(vimmlly estimated) and categorized by type (coniferous or deciduous), position in the channel
(lateral, bridge, weir, etc.), and condition (solid, moderate, rotten).

A total of 127 pieces of LWD were recorded in the Ravine Reach (an average of approximately
8.3 pieces of LWD per I00 yards of stream length). Eighty-six of those (58%) were of coniferous
origin. Ninety-seven pieces of LWD were inventoried in the Plant Reach (an average of 11.3
pieces per I00 yards). Forty-eight of those (49%) are coniferous pieces.

The 1994 Aquatic Resource Consultants study reports "an average of about 7 to 10 pieces per
I00 yards of stream". The 1994 study does not report data separately for the two reaches, so it is
not possible to know whether the individual reaches were similarly loaded in 1998. A
comparable figure for the entirety of the reaches studied in 1998 is 9.3 pieces per I00 yards of
re'earn.It can only be assumed from this comparison that there has been little significant change
in debris loading of the Ravine Reach.

While none of these debris loading _cs approach those observed in streams in mature

forests (Maser etal, 1988, reported 18 to 4S pieces per 100 yards in such systems), they probably .
compare favorably with many other urbanized streams.

The 1994 Aquatic Resource Consultants report mentions that no large debris complexes were
observed ups_cam of the treatment plant. While the defir_ition of "large debris complex" is
vague, three large spanning debris jams were inventoried in the Ravine Reach during the most
recent survey. There are several other locations where what appear to be the remnants of large
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debris jams are evident on the channel banks. However, debris jams/complexes are certainly
more numerous and complex in the Plant Reach than in the Ravine Reach.

FLOW VELOCITIES

Flow velocities within the cb_mnel were studied to ass..essthcil"posm'ble impacts upon saimonid
habitation within the reaches. In Table 3 below BeU (1986) reports the following swimming
speeds for salmonids, which may be related to the water velocities that constitute hospitable
habitatsforthem:

TABLE 3: SWIMlVI_GSPE_DS OFDES MOll_I_ _ SAI.MONIDS(AFn_ B_J_ 1986)

Swimming.s.peed I]I/S_

Species Cruising Sustained Darting
Coho salmon 0-1.04trVs_(0-3.4 _.) 1.04-3.23m/_)c(3A-10.6i_/u_)3.7.3-6.SSaV._c(I0.6-21.5_sec)

Steelhead 0-l.4(0.4.6) 1.4-4.18(4.6-13.7) 4.184.08(13.7.26_5)
Zrout 0-0.61 (0-2) 0.61-1.95 (2-6.4) 1.95-4.11 (6.4=13.$)

In addition, Thompson (1972) reports that adult coho and steelhead migrate upstream through
water velocities up to 8 feet/second.

Based on these data, conditions inhospitable to salmolaid habitation might be said to exist when a
large portion of the stream flow is at velocities greater than the sustained cruising speed of the
species in question. Note that these swimming speeds are for adult fish; juveniles would be less
able to hold'in high velocity flows. Juvenile coho, for instance, prefer flow velocities of less than
1 foot/second (Nickelson and Reisenbichler 1977).

Flow velocities were recorded at the same seven cross-sectional trameets used to collect

substrate particle distribution data. These ttameets are placed in a representative variety of
habitats distributed throughout the two reaches. Flow velocities were recorded at five distances

along each transect and at two depths at each distance (at 0.6 of the total depth and at
approximately two inches off of the bottom of the channel), a total of ten measurement stations
per transect. Flow velocity data was collected on January 15, 1999 at flow levels that

approximate winter base flows (22 c.f.s.) and again on February 24, 1999 during a higher flow
event (approximately 55 c.£s.). (Attempts to collect flow velocity data at still higher flows
proved hazardous and were abandoned.) The average annual return flow in this system has been
calculated to be approximately 120 c.f.s. Figure 5 below provides some context in which to view

these flows and their corresponding velocities. The complete set of flow velocity data is included
in Appendix C.

Average and peak velocities for each transect, along with the habitat character present at the
transect, are presented below in Table 4.
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TABLg 4: FLOWVELO_t _.S (1/15/99 AND2/24/99 ATTt C.F.SAND_ C.F.S., IRF._P]C_y)

Transect # Habitat Type Average Velocity Peak Velocity
(highest recorded)

22c.Ls. 55c.f.s. 22c.f.s. 55c.f.s.

4 Riffle 1.79 fps. 2.22 fps. 3.4 tips. 4.16 fps.
5 Run w/gravel bar 1.61 _ps. 2.33 fps. 2.6 tips. 4.4 fps.
6 Mid-cb_nel scour pool 1.19 fps. 1.74 fps. 3.0 fps. 4.03 fps.
9 Plunge pool @ notched weir 0.75 fps. 1.I9 fps. 4.1 fps. 4.17 fps.
10 Pool 0.55 fps. 1.17 fps. 0.6 fps. 3.91 fps.
11 Straig_htriffle 1.45 fps. 1.85 fps. 2.7 tips. 3.61 fps.
12 Step run 1.53 f:ps. 2.66 fps. 2.6 fps. 5.29 tips.

Bldr. Pool Very large pool 0.46 fps. NA 1.1 f'ps. NA

Velocities at 22 c.f.s, equaled or exceeded the cruising speed of trout (2 feet/second-the
slowest of the speeds Bell reports) at 19 of the 80 flow measurement stations (ten for
each transect). Velocities at 55 c.f.s, exceeded 2 feet/second at 41 of 70 stations
measured. No velocities were recorded at either flow rate that exceeded the sustained

swimming speed of trout (6.4 feet/second). The highest velocity measured was 5.29
feet/second-still well within the sustainedswimming abi].ity of ally adult salznonids

presumed to be present. At each transect and at both flows sampled velocities of less than
one foot/second were measured at one or more stations. Flow velocities at the mar_i'r_ of
the channels continued to be hospitable to even juvenile s_Imonids at 55 c.f.s. Flow
velocities do not, therefore, appear to be a problem for _lmonids at the discharge rates
sampled. However, flows far in excess of 55 c.f.s are common in Des Moines Creek. (See
Figure 5 above: flows during the winter of 1998-99 have exceeded 200 c.f.s, on at least
two occasions.)

Unfortunately, it is not possible to accurately extrapolate what flow velocities might be at
200 c.f.s, or 120 c.£s from the two present data sets. However, it would appear unlikely
that low-velocity refuge habitat would completely disappear, especially in the Plant
Reach where there arc large pools and accumulations of woody debris. It is more likely
that high flow velocities have detrimental effects upon salmonid populations via their
effectsupon the channel bedandspawninggravels/redds.

CONCLUSIONS/RE COMMENDATIONS

While Des Moines Creek iscertainlynot comparablein habitator otherphysical
properties to pristine or "old growth" streams, it does appear to support-at least
ephemerally-somehighqualitysalmonidhabitat_The PlantReach containsnumerous

poolsthatwouldbe suitableforrearing/over-winteringcohojuveniles,alongwithmany
potentiallyexceilentspawrd_gsites.The RavineReachwould be lesssuitableforsuch

occupations,butwould be suitableforcutthroattrouthabitation.However,theregular
occurrence of discharge rates sufficient to mobilize the substrate and the consequent
significant changes in channel morphology may render such habitat less useful. Spawning
sites are probably disturbed on a regular basis during the winter months and pool quality
and frequency may vary season to season.
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The probtcmsaffectingtheP_vincReachgo beyonda mere lackofwoody debrisand
excessivelyhighstormflows.The constrictionofthechannelby theadjacentsewerline
and the hardening of the right bank with rip-rap to protect the sewer line are problems
that will continue to plague the stream. Traditional Izeatments involving the addition of
large woody debris to the channel would probably not be effective here-or would be less
effective-because the channel has so little room for lateral migration or scorn"and little
storage capacity in its floodplain for high flows. High flows are instead _nneled straight
down the non-sinuous channel with little dispersion of energy. Wood placed in the
channel would, in all likelihood, end up as has most of the wood already in the ch_nnel:
swept off to the sides where it has little effect on instream habitat. This situanon might be
somewhat less severe it" flOWSare reduced by upstream detention; however, it is still
unlilcely that woody debris treatment would have beneficial effects outweish_ng the
effects of additional erosion on the unhatdened left bank. Placement of large, rounded
boulderswithinthechannelwouldbemore likelytohavea lastingandbeneficialeffect
withoutincreasingerosion,especiallyifthegoalisto improveresidenttrouthabitat
ratherth,ncohohabitat.ItisunlikelythattheRavineReach willevercontaincoho
habitatrivalingthatofthePlantReach.

The PlantReachsupportsboththehighestqualityhabitatand thebestopportuaitiesfor
habitat enhancement. While there are several pools of very high quality withinthe Plant
Reach, these pools may be somewhat ephemeral due to substmte mobility and there are
also several excessively long riffles. The sinuosity of the channel and its relative lack of
constriction(comparedtotheRavineReach)wouldallowittorespondinamore natural
andbeneficialmannertowoody debristreatment.However,suchtreatmentsarelikelyto
be veryfimited in th=ir benefitwithoutreductionsof regularlyoccurringhigh storm
flows.

14

AR 042137



REFERENCES:

BeLl,M. C.1986.Fisherieshandbookofengineeringrequirementsandbiologicalcriteria.
U. S. Army Corps of Engineers, Office of the Chief of Engineers, Fish Passage

)

Development and Evaluation Program, Portland Oregon.
t

Larson, Mark and Derek Booth. 1999. Fluvial geomorphic evaluation of bed movement I
in Des Moines Creek. Seattle, Washington. !

Maser, C., R.F. Tarrant, 3.1Vl.Trappe and _.F.Franklin. 1988. From the Forest to the Sea: I
A Story of Fallen Trees. _ Tech. Report PNW-GTR229. Pacific Northwest
Research Station. U.S. Dept. of Agriculture. Forest Service. portlm_d, Oregon.

Nickelson, T.E. and R.R. Rciscnbichler. 1977. Stre_mflow reqnircments of salmonids.
Oregon Department offish and W'ddlif¢. Portland, Oregon.

Thompson, K. 1972. Det=i:,_ing stream flows for fish life. In: Proc_.dings, insu'cam
flow workshop; 1972, March 15-16. Vancouver, WA. Vancouver, WA: Pacific
Northwest River Basin Commi-_sion, 31-50.

Wolm_n; M. Gordon. 1954. A method of sampling course river-bed materials.
Transactions of the American Geophysical Union, Volume 35, No. 6.

)

i

I

"I

15

AR 042138







APPENDIX B: SUBSTRATE DATA

Subsm_ Dma Colk_d at Flm_Nekx_y Trans_
T_4 log_mivo._:e Jog% finer

256 100 Dloo=204 110
100 97 DW.=131 "100 2 2 74
25 35 Ds_ 35 49 1.39794001 1.6g019608 22

2 17 D,j_ 14 18 0.30103 1.25527251 g.8

Transect 5

>256 100 logm sml log % finer
256 100 D_ 227.0 2.40823997 131
100 95.8 Dk- 101.0 100 2 2 93
25 53 D_ 9.0 35 1.39794001 1.54406804 33

2 38 Da_ 1.7 13 0.30103 1.11394335 16

Transect 6

>256 k_ uive stud Io_ % tarter
256 100 D_or= 253 2.40823997 173
100 96 DI¢= 59 100 2 2 42
25 68 DsP 0.8 71 1.39794001 1.85125835 0.6

2 58 Das= 0.04 60 0.30103 1.77815125 0.03

Tmnsect 9

1000 100 3 2
256 gO _ 531 2.40823997 1.95424251
100 79 D_: 234 2 1.89762709

25 55 Dm_ 20 1.39794001 1.74036269
2 28 D_, 4 0.30103 1.44715803

Transe_ 10

1000 100

256 91 D_ 514 100 2.40823997 2 208
100 80 D_: 227 88 2 1.94448267 103

25 55 Ds_, 20 60 1.39794001 1.77815125 13
2 28 Da_ 4 31 0.30103 1.49136169 3

Nots: Approx. 11% solid clay not includedin _ flgunm

Transect 11

256 1O0 DI_ 238 2.40823997 2
100 79 D_= 127 2 1.89762709

25 55 Din= 20 1.39794001 1.74036269
2 26 _ 5.5 0.30103 1.41497335

Transect 12

1000 100 3

256 55 D_.w 723 100 2.40823997 2 205
100 41 _ 533 71 2 1.85125835 155
25 16 D_ 215 29 1.39794001 1.462398 69

2 3 _ 115 5 0.30103 0.69897 39
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APPENDIX C: FLOW VELOCITY DATA

Flow Veloclties At Des Moines Velocitiesinfeet/second
Creek, 1/15/98 at 22c.f.s.

Transect HabitatType Depth R_ MID Channel LB Averag
e

4 Riffle 2" off bottom 0.6 2 3.4 1.4 1.5 1.79
0.6 oftotal 0.6 1.9 3.4 1.3 1.8

Totaldepth= 0.4 0.5 0A 0.3 0.7

5 Run w/gravel bar 2" off bottom 0.8 2.1 2.5 2.5 0.2 1.61
0.6 of total 0.8 1.7 2.5 2.6 0.4

Totaldepth= 0.3 0.3 0.4 0.5 1.3

6 Mid-channelScour Pool 2" offbottom 1.9 0.8 1.5 0.2 0 1.19
0.6 of total 1.9 2.5 3 0.1 0

Totaldepth= 0.8 1.1 1.8 2.1 0.7

9 Plungepoolbelow 2" off bottom 0.5 0.2 1.5 0.3 0.1 0.75
notchedweir

0.6 of total 0.5 0.1 4.1 0.1 0.1
Totaldepth= 0.6 1.4 2.2 1.9 1

10 Pool 2" offbottom 0 0.2 0.05 2 0.3 0.55
0.6 of total 0 0.3 0.05 2 0.6

Totaldepth= 0.6 1.9 1.8 1.4 1.1

11 Straightriffle 2" offbottom 1.9 2.1 2.1 0.4 0.4 1.45
0.6 of total 1.9 2 2.7 0.4 0.6

Totaldepth= 0.4 0.8 0.8 1.1 1

12 Step Run 2" off bottom 1.2 1.4 1.4 0.2 1 1.53
0.6 of total 1.9 1.4 1.7 2.6 2.5

Totaldepth= 0.7 0.7 0.6 1 1

BonusTransectin Huge Boulder 2" offbottom O 0.2 1.1 0.3 0.4 0.46
scour 0.6 of total 0.3 0.2 1 0.2 0.9
pool

Totaldepth= 2.2 4 3.8 2.6 1.7

iv
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Flow Velocities At Des Moines Velocitiesin Feet per Second
Creek, 2/24/99 at 55c.f.s.

Transect RB MID LB Average
Channel

4 0.62 2.14 2.32 2.73 1.92 2.22
0.67 1.68 4.16 3.36 2.55
0.6 0.7 0.7 0.6 1.1

5 2.39 3.45 3.38 0.13 0 2.33
2.7 3.93 4.4 2.94 0
0.5 0.6 0.8 1.4 0.8

6 2.33 1.76 0.72 0.17 0.95 1.74
3.53 4.03 2.61 0.17 0.95
1.4 1.8 2.8 1.9 0.3

9 0.16 0.48 2.16 2.42 0.12 1.19
0.14 0.77 4.17 1.32 0.19
O.5 2 2.9 2.6 1

10 0.04 0.5 0.89 2.45 0.64 1.17
0.06 0.01 2.08 3.91 1.11

1.2 2.6 2.8 2.2 I

11 0.97 2.63 2.32 0.88 0.53 1.85
. 1.7 3.53 3.61 1.62 0.71 |

1 1.3 1.4 1.6 0.7 I

12 2.95 2.24 2.71 1.75 1.89 2.66
2.69 3.12 2.34 5.29 1.61 _

1.7 1.5 1.2 1.2 0.7 t

I
!

i
I
!

AR 042143





DES IVIOINES CREEKREGIONAL CIP
PRELIMINARY DESIGN REPORT

Appendix F

Hydraulic Modeling

AR 042145



Open Channel Hydraulics - Existing and Proposed
Channels downstream of Northwest Ponds

For the purposes ofthi_ summary, the upper channel is defined as the ch_rmel reach
located between the two culvert.s. The lower channel is defined as the portion of the
ch,rmel downstream of the 72-inch culvert. The downstream portion of the lower
channel has three existing weirs. A hydraz_c study of the existing and the proposed
charmel was conducted using of Kiug County's Backwater Program.

The existingchannel'supperreacheshave anapproximate carrying capacityof 20-40 cfs
before spilling into the surrounding golf course area. Th/s is equivalent to less than a 2-
year storm event. The lower reaches of the channel have a can'ying capacity greater than
the 100-year _orm event. Theupper teachesof the channel experiencecapacity
shortcomings due to negative or minimal gradients, obstructed flows due to heavy
vegetation, and inadequate ch,-nel size. Two individual analyses were conducted to
account for the aforementioned observations. The first analysis used the survey
information and cross-sections directly without taking in to account any debris/vegetation
obstructions. The channel bottom was assigned an n-value of 0.07 with the upper banks
of the channel g_ven n-values in the order of 0.0S-0.03. The observed conditions were
not represented by the results, especially at the lower flow levels. A second analysis
attempted to account for the heavy vegetation and other channel obstructions found in the
upper channel. An n-factor of 0.S0 was given to the channel bottoms and a slight
decrease to the channel's gradient was made to account for the backwater effect of the
"debris dams" found in the channel bottom. The final outcome was more in line with the

low flow observations noted by the azea's hydrologists although the discrepancies were
not great.

The proposed reconstruction would increase the channel capacity shortcomings of the
upper channel by lowering and enlarging it. The entire channel was lowered m order to
increase the channel's gradient and increase active storage in Northwest Ponds and the
Approach Light cell. The upper two weirs were removed. The average channel section
was lowered about 2.0 feet. To account for the lower invert elevations the channel side
slopes had to be altered. The side slopes were kept at a maximum grade of 2:l. In
general the proposed side slopes were cut to intersect the top of bank of the existing
channel while keeping the side slope grade less than a 2:1. Portions of the extreme upper
reaches of the channel were assigned side slopes of3:1 to optimize their carrying
capacity. The area surrounding the upper reaches of the channel has a gentle slope
gradient. A 3:1 slope does not result in large quantities of excavation along these
reaches.

The proposed redesign increased the capacity of the upper channel to approximately 100-
year storm levels while maintaining the same level of protection in the lower reaches.
The upper channel's capacity approaches 120 cfs, which matches a 100-year flood
fi'equency event as determined by previous hydrologic analysis.

cbatmcL2.doc
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- (To simuLzte the low flow conditions, incressed /_.
l_und_'s n to account for veget_ion zud debris.)
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OUTFLOWCOM)ITIONS AT STATION 1607.95 TAILWATERDATA:

I) SPECIFY TYPE OF TAZLWATERDATAIIIP_: S * SINGLE TU-ELEV.

F o TW_lt,I DATA FILE
F

2) ENTER: [d:] [plth)f|tenme[.ex_ OF HW/TV DATA

ImSk'J3.TW

ENTEN:QI41H, OHAX, OIHCP.E, PItIIFr-OPTIOI{ (STANDARd1, C_OENSEDs2, EXPANDED,,3)
.00 600.00 ?-5.00 1
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C]_SS-SECTZGNDATA:

DZST/STAGEXS lf.ASUP.EDFIU]q INVERT; N-FAC |S I_r.ASURED_ STAGES

LEFT(FT) SWAr:¢I_") . N-FACTOI_ * RIGHT(LrT) STAGE(IW) N-FACT_
.OO .00 .040 * .00 .00 . .040

&.DO .00 .040 • 4.50 .00 .040

6.93 2.97 .040 • 6.77 .98 .0_

14.16 8.24 .040 * 18.30 8.43 .040
25.61 9.78 . .040 " 35.35 8.60 .040

40.39 9.95 .040 * 46.25 8.60 .040

101.40 13.41 .040 * 77.18 l&.&7 .040
138.48 14.57 ,040 • 77.18 14.47 .040

OCCFS) YI(FT) MS ELLrY.• YC-IN YN-IN O-T'J 'IV-liT N-Y1 A-T1 WP'Y11 V'Yl

25.00 3.07 243.31 * .68 .82 23.00 3.07 .040 39.92 19.15 .63

50.00 3,40 243.64 • 1.05 1.22 50.00 3.40 .040 45.82 20.34 1.09

75.00 3.67 243.91 * 1.34 1.53 73.00 3.67 .040 50.83 21.30 1.48 ,
100.00 3.94 2t,_.18 • 1.59 1.80100.00 3.04 .040 55.92 22.24 1.79

125.00 4.23 264.&7 • 1.82 2.04153.00 &.23 .040 61.65 23.26 2.03

150.00 4.50 24_.74 * 2.05 2.26150.00 &.50 .040 67.39 24.23 2.23

1_.00 &.77 245.01 • 2.22 2.&7173.00 4.77 .040 73.14 25.17 2.39

200.00 5.02 245.26 " 2.41 2.65200.00 3.02 .040 78.92 26.08 2.53

225.00 5.28 245.52 • 2.58 2._F_23.00 5.28 .040 8&.74 26.97 2.66

250.00 5;52 245.76 * 2.7& 3.00250.00 5.52 .040 90.58 27.1V. 2.76

275.00 5.76 246.00 • 2.90 3.16275.00 5.76 .040 96.&9 28.69 2.85
300.00 5.95 246.19 • 3.05 3.32300.00 5.95 .040 101.26 29.36 2.96

325.00 5.95 246.19 • 3.20 3.&6325.00 5.95 .W,O 101.26 29.36 3.21
350.00 5.95 246.19 • 3.34 3.61350.00 5.95 .940 101.26 29.36 3.46

375.00 5.95 246.19 • 3.47 3.74375.00 5.95 .040 101.26 29.36 3.79

400.00 5.95 246.19 * 3.60 3.87_)0.00 5.95 .040 101.26 29.36 3.95

425.00 5.95 246.19 • 3.73 4.00425.00 5.95 .040 101.26 29.36 4.20

450.00 5.95 2.46.19 " 3.85 4.12450.00 5.95 .040 101.26 29.36 &.64
&75;00 5.95 2&6.19 * 3.97 &.2_75.00 5.95 .040 101.26 29.36 &.69

500.00 5.95 246.19 • &.08 4.36500.00 5.95 .040 101.26 29.36 &.04
525.00 5.95 246.19 * &.20 4.47525.00 5.95 .040 101.26 29.36 5.18

550.00 5.95 2_.19 • 4.31 &.58550.00 5.95 .040 101.26 29.30 5.43

575.00 5.95 246.19 * &.61 4.68575.00 5.95 .040 101.26 29.36 5.68

600.00 5.95 246.19 * &.52 4.79600.00 5.95 .040 101.26 29.36 5.93

;.';_-.;REACHNO. 1: LENGTHs214.37 FT AVG.GEJU)E= 1.1(_i ,,r,,,

STATI(_ 1393.58= INVERTs242.73 FT EC=I.3O O-ItATlOs1.05

CROSS-SECTlOWDATA:

DIST/STAGE IS _ FROHINVERT; N-FAC IS MEASUREDEE71,MENSTAGES

LEFTCFT) STAGECFT) N-FACTOR • RIGHTCFT) STAGE(FT) N*FACTOIt
.00 .OO .040 * .00 .00 .040

4.00 .O0 .040 * &.50 .00 .040

9.03 1.20 .040 * 4.99 2.60 .040
14.61 6.28 .040 * 9.69 3.&4 .040

1
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25.31 9.14 .040 * 18.09 6.85 .040
37.74 9.64 .0/*0 * 39.95 6.f25 .040
69.66 9.89 .040 ,, 69.95 10.37 .040
92.36 9.89 .048 • 101.96 13.12 .0/,0 f-"

QC_FS) ¥1(FT) USELEV.* YC-IN YN-|N YC*OTlrN-OTN-YI A-Y1 WP*YI V-¥I

12.20 .83 243.56 * .27 .39 .43 .S4 .040 8.56 12.92 1.42
24.39 1.18 243.91 * ./.2 .58 .66 .DO .040 13.M 14.79 "1.86

36.59 1./.5 2/*/,.18 * .54 .74 .85 1.01 .0_) 16.83 15.52 2.17 .
48.78 1.70 244.43 * .65 .87 1.01 1.19 .0_0 20.39 16.1/* 2.39
60.98 1.96 2_.69 * .T/* .99 1.15 1.34 .040 2/*.18 16.79 2.52
73.17 2.21 244.94 * .83 1.10 1.28 1.48 .0_ 27.90 17.42 2.62
85.37 2.45 245.18 " .92 1.20 1._0 1.60 .0_ 31.55 18.02 2.7";
97.56 2.70 245.43 * ".99 1.29 1.51 1.?3 .Of,O 35.46 19.09 2.75

109.76 2.95 245.68 " 1.07 1.37 1.61 1.84 .040 39.71 20.82 2.76
121.95 3.19 245.92 " 1.14 %/*5 1.72 1.95 .040 /,4.18 22./.9 2.76
154.15 3.42 246.15 * 1.20 1.52 1.81 2.06 .040 /,8.80 24.M 2.7_
146.3_ 3.60 246.33 * 1.26 1.60 1.91 2.16 .040 S2.62 2/*.59 2.70
158.54 3.62 2/.6.3S * 1.32 1.67 2.00 2.26 .0_ 5"3.05 2/*.98 2.99
170.73 3.65 246.38 " 1.38 1.74 2.09 2.36 .040 53.71 25.10 3.18

162.93 3.67 2/*6.40 * 1._3 1.80 2.17 2./.5 .040 54.14 25.19 3.38

195.12 3.69 2/.6._. * 1./.9 1.87 2.26 2.54 .040 54.58.25.27 3.58
207.32 3.72 2/.6./.5 * 1.54 1.93 2.3/, 2.64 .040 55.24 25./,0 3.75
219.51 3.7/, 246./.7 * 1.59 1.99 2.42 2.?13 .040 53.68 25.48 3.94

231.71 3.77 246.S0 * 1.64 2.05 2.SO 2.8S .0_,0 56.54 25.61 4.11
243.90 3.79 246.52 * 1.69 2.11 2.58 2.95 .0_0 56.78 25.69 4..30
256.10 3.82 2/*6.55 * 1.7/* 2.17 2.6? 3.04 .040 57./*5 25.82 4.46
268.29 3.8/, 246._r * 1.79 2.23 2.76 "3.13 .040 57.90 25.90 /*.63 _
280./.9 3.87 246.60 * 1.83 2.29 2.8S 3.22 .0_0 58.58 26.03 /*.79
292.68 3.90 246.63 * 1.B8 2.34 2.94 3.30 .0_0 59.25 26.15 /*.9/* -

::;'_#.F.ACl4NO. 2: LENGTHs145.79 FT AVG._ADEu .83_ "_;"';

STATZON12/.7.?9: INVERT"2/.3.94 FT EC=1.30 D-R,ATZO_.00

CROSS-SECTIONDATA:

DZST/STAGEZSNEASUREDFR(_ IN_IZT; N-Fie IS NF.ASUREDD[T',_ENSTAGES

LEFT(Ft') STAGE(FT) N*FAC'r01t i, RxGwr(FT) STAGE(FT) N-FACTOR
.00 .00 .070 * .00 .DO .070

3.00 .00 .070 '* 4.50 .00 .070
3.60 1.03 .050 " 7.B4 1.30 .050

15.24 7.51 .050 " * 25.37 8.5/* .050
27.66 8.6/* .050 '* 98.72 9.13 .050
66.07 9.32 .050 * 141.65 11.40 .050

175.22 9.54 .OSO " 237.13 • 12.97 .OSO
268.48 9.34 .050 * 2/*7.2/, 13.27 .050
302.66 9.54 .050 * 288.06 19.95 .OSO

QCCFS) YI(FT) USELEV.* YC'IN YN']N YC'OTYN'OT N'Y1 A'Y1 i,rP'¥1 V'T1

12.20 .B5 2_.79 ", .46 '00 .46 .65 .064 7.51 10.83 1.62
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• 24.39 1.24 245.18 t .72 .00 .T2 1.24 .n_ 11.73 _ ?..08

56.59 1.55 245.49 t .93 .W .93 1.5'5 .G61 1S.$7 I_.GO 2.._
48.78 1.79 245.73 " 1.11 .00 1.11 1.79 .060 18.81 15.12 2.59

60.98 2.01 245.95 • 1.26 ,GO 1.26 2.01 .060 21,99 16.15 2.77

73.17 2.20 • 246.14 • 1.&2 .00 1./,2 2.20 .059 24.90 17.0/, 2.94

85.37 2.38 246.32 * 1.56 .00 1.56 2.38 .039 27.80 17.88 3.07 :

97.56 2.5& 246.48 * 1.69 .GO 1.69"2.54 .058 30.49 11S.63:3.29
109.76 2.69 246.63 * 1.81 .GO 1;81 2.69 .058 33.11 19.33:3.32

121.95 2.83 2/,6.77 • 1.92 .DO 1.92 2.83 .038 _5JA 19.98 3.42
134.15 2.96 246.90 * Z.03 .00 2.03 2.96 .058 38.06 20.59:3.52

.l&6.3& 3.09 247.03 * 2.13 .GO 2.13 3.09 .037 &0,,56 21.20 3.61
158.54 3.21 247.15 • 2.23 .00 2.23 3.21 .057 42.93 21.76 3.69

I70.73 3.32 24.7.26 • 2'32 .GO 2.32 3.32 .057 4.5.15 22.26 3.70

182.95 3.43 24.7.37 * 2.41 .00 2.41 3.43 .957 47.&3 22.79 3.86
195.12 3.33 24.7.4.7 * 2.50 .GO 2.50 3.53 .037 49.5,; 23.26 3.9&

207.32 3.63 247.57 • 2.58 .00 2.58 3.63 .057 51.69 23.73 4..01

219.51 3.73 24.7.67 " 2.66 .GO 2.66 3.73 .057 53.8924.19 4.07

231.71 3.83 24.7.77 " 2.74. .GO 2.74 3.83 .036 56.13 2&.66 .4.13
243.90 3.92 24.7.86 * 2.82 .00 2.82 3.92 .036 58.18 23.08 4.19

256.10 4..01 24.7.95 * 2.89 .00 2.89 &.01 .056 60.26 25.50 &.23

268.29 &.09 248.03 " 2.96 .GO 2.96 4.09 .056 62.14 ;5.88 &.32

280.49 4..18 248.12 * 3.03 .00 3.03 4.18 .036 64.29 26.30 4.36

292.68 4..26 2/,8.20 • 3.10 .00 3.10 &.26 .056 66.23 26.67 4..4.2

==';';_EACHI/O. 3: LENGTHs239.06 FT AVIS.GRADEs-.l&_ :";';';

STATION1008.73= INVERT= 243.60 FT EC"1.30" Ci*RATIO- .GO

C_.QSS-SEC'TI O#iDATA:

DIST/STAGE IS _ FRCHINVERT; N*FAC IS HEASUREDBETIJE]ENSTAGES

LE_c_r) ST_,ECFT) N-FJ_T_ • ItlOHTCFT) _AG_CFT) N-FACTOR
•00 .00 .070 • .00 .GO .070

3.00 .00 .070 * 3.50 .00 .070

5.74. 2.10 .OSO • 21.69 10.51 .OSO

12.28 3.62 .030 • 69.31 12.08 .030

20.88 8.08 .050 • 107.58 12.16 .050
120.43 9.32 .030 • 159.83 17.78 .050

2_.25 9.32 .OSO • 180.51 19.72 .OSO

332.08 10.01 .OSO • 180.52 19.73 .OSO

4.18.4.7 12.27 .050 * 180.53 19.74. .OSO

OCCFS) YI(FT) US ELEY. • YC'IN YN'IN ¥C'OT YN-OT II-Y1 A-Y1 ID-Y1 V'¥1

12.20 2.23 245.83 • .51 .GO .51 .00 .059 22.07 14.98 .55

24..39 2.71 246.31 * .78 .GO .78 .00 .058 29.32 18.06 .83

36.59 3.0& 246.64 • 1.01 .GO 1.01 .00 .057 35.11 20.18 1.04

7*8-78 3.34 2&6.�& "t 1.20 .00 1.20 .00 .056 40.95 22.11 1.19
60.98 3.58 24.7.16 * 1.37 .00 1.37 .OO .956 46.01 23.65 1.33

73.17 3.79 24.7.39 • 1.53 .00 1.53 .00 .056 50.68 24..61 1.&&

85.37 3.98 247.58 • 1.67 .00 1.67 .00 .055 55.06 25.4.0 1.55
97.56 4.16 247.76 • 1.81 .00 1.81 .00 .055 59.32 26.15 1.64

109.76 4..53 247.95 • 1.95 .GO 1.93 .00 .055 63./,6 26.86 1.73
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121.95 &.49 248.09 * 2.03 .00 2.03 .00 .G53 67.45 27.53 1.81
134.15 &.63 248.23 " 2.18 .00 2.18 oO0 .055 71.01 28.12 1.89

IKS.34 &.77 2:,8.37 * 2.30 .00 2.30 .00 .053 7&.45 28.70 1.96 f_..

158.34 4.90 248.50 * 2.:,2 .00 2.42 .00 .035 78.10 29.24 2.03 t
170.73 5.03 248.63 * 2.53 .00 2.53 .00 .aS5 81._ 29._ 2.09
182.93 5.15 248.75 * 2.63 .00 2.63 .00 .053 84.89 30.28 2;15 :" _"

195.12 5.27 248.87 * 2.72 .00 2.72 .00 .055 .M.24 30.78 2.21 •

207.32 5.38 248.98 * 2.82 .00 2.82 .it) .854 91.35 31.2, 2.27 "
219.51 5.49 249.09 * 2.90 .00 2.90 .00 .03& 94.51 31.70 Z_ : ":

231.71 5.59 249.19 * 2.99 .00 2.99 .00 ._ 97.41 32.12"2-M "-"

243.90 5.69 249.29 * 3.07 .00 3.07 .00 .034 100.36 32.54 2.43

256.10 5.?9 249.39 * 3.15 .00 3.15 .00 .054 103.34 32.95 2.48

280.49 5.97 249.57 * 3.30 .00 3.30 .00 .054 108.79 33.70"2.58

292.M 6.06 249.66 * 3.37 .00 3.37 .00 .05_ 111.37 34.08 2.62

ZF NOT THE CASE, WATERDEPTHSCANBF.ADJUSTI':DBY SPECIFTING, A - ADJUST.

SPECZFY: F - FILE, A - ADJUST, P - I_[KT R/D, U - HET_JOE,S - STOP
F

SPECIFY: II - I_/TV DATAFILE, R - ROUTXHGDATAFILE, E ESCAPE, S - STOP
H

ENTER [d:] r_ath3f(Lermme[.exl:l FQR STORAGEOF IN-DATA COHI_rE9 AT STA. 1008.73=
TV1.Ti/

SPEC|FY: If - IN/TW DATA FILE_ R - RQUTINGDATAF;L[, E " ESCAPE, $ - STOP ' /
S

4

_TF.R PROGRAMFQ_ ROUND/ARCHCULVERTS

•ElrrER: NUMBEROF CULVERTS
1

OUTFLOWCO_;TIONS PIPE NO. 1 o TAILUAT[R DATA:

I) SPECIFY TYPE OF TAILVATEROATA INPUT: S - SINGLETU-ELEV.

F * TU/HU DATAFIlE
F

2) ENTER= [d:] [path]f|Lenme[.ex_ OF IN/TV FILE
TU1.TU

28) D|SPLAT TW/HVDATA-FZLE.CY or N) ?
Y

eeeeeeeee_eeee_eemeeoeeeeeemeetoe_eeeeee.t me_eeeeeeeeeeeee.e_eemeeee eeeueeeeeee

RCUIIO/AR¢I!PiPE INPUT CCOING INFORMATION:

"PIPE TYPE C;QDING:

1 * CONC/SNOOTHBORE(n-0.012) 5 - _ ARCH(NEWGE(:_'rRY)
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2 - ¢OmUJ_TI[D I4STAL(mO.O2&) 6 " CON¢/mOOTNARC_ COLD)
3 - ELIC/J. DIP (n-fa= varies) 7 - CONC/S_OTH _ (WTd)
4 - _ AICH (OLD GF.mETRT) 8 " tam (user sets n-fes)

ABCHPIPE CCDING- EQUIVALEI/THOLINgSIZE 14JSTBE INPUTTEDPER FOLLGUII/GTABLE:

EQUIV-DIAM. OLD-ARCH NEW-ARCH v EGKJIV-DIN4. GLD-ARCJ4 liEV-ARCH

15" 18":( 11" 17"X 13" " 42" 50eX 31= &9eX 33"
18" 22")( 13" 21"X 13" " 48" 58"X 36" S7uX 38" :.

21" 2SeX 16u 24"X 18" * 54 = 65"X 40" 64"1( 43=

2&" 29"X 18" 28"X 20" " 60= 72"X &&= 71'5( &75'
30" 36,,X _, 3S,,X 2&, t 66" ?geX 49= 7",n'X52=

36" &3"X 27" &2"X 29' " 72= 8S"X _= Jn"x 571

INLET TYPE C:_DXIIG:

1 - CMP/PIt_. & - ¢P SOC]2"T/PROJ. 7 - CXAP/PROJ. 10 - OTHER(SEE
2 ° CMP/HDWALL 5 - ¢P SQ.EDGE/KDVN.L 8 - OIAP/NOkIAJ.L FIWA REPORT

3 ° C3(P/I(XTI[R 6 - CP SOC_'T/HDWALL 9 ° DL_P/I(rTER MD$ NO.5)

ENTERPIPE 0 1: LENGTH(f_), DIA(|n), PIPE-TYPE, OJTLET*IE, INLET-ZIp, INLET-TYPE
142.00 72.00 2 2/,3.60 2/,4.5/, 1

oeeeeeee e. oo._o_oeee eoeeeee oe_eme.eeaoooJe ooeoe_eeooooeoooooeo_eeeeooeoeooo_oee

INFLOWCONDZTIONS- OVERFLOWDATAANDUPSTREAMVELOCrTYDATA:

1) ENTER:OVF.RFLCTJ-ELEV,OVERFLOW-TYPE(HONEwO,BP.OAD-kETR,Jl,SHAILO-kEIR=2)

252.92 1
la) ENTER:WIPIRLEHGTH(f_), Irr(ft) ABOVEOVERFLOW

110.00 .20

2) S_ECXFYTYPE OF _L(X:XT'I'DATA INPUT: S - SIHGLE_X'I'Y UPSTRIPN(

V * VARYVELOCITYA_-._._._.r_INGTO VsG/A
V

3) SPECIFY AN UPSTREANCHANNELWIDTH(ft) F(X CCHPUTIHGAsN_IDTH
34.00

-..............................................................................

ENTER:W4IN, QHAX, QINCPJ[, PRINT-UPT|ON (STJUiOARDsl,C_OENSEDs2, EXPAJWED=3)
.00 200.00 10.00 1

PIPE NO. 1: 142 LF - 72uCMP 8 .66Z GOTLET: 2/,3.60 INLET: 244.54 IHTYP: 1

TW DATAADJUSTEDBAS_ ON CROSS-SECTIONALAREA

Q-TOTCCFS) 7_(FT) 1V*EL_CF%) Q-ADJCCFS) ARF.A(SO-FT)

.00 .DO 243.60 .OO .00

12.20 2.;[3 245.83 12.20 9.57

24.39 2.71 2_6.31 24.39 12.40
36.59 3.0/, 246.6& 36.$9 14.38

&8.78 3.3& 246.9& /,8.78 16.17
60.98 3.58 247.18 60.98 17.60

73.17 3.7_ 247.39 73.17 18.82

85.37 3.98 247.58 85.37 19.91

97.56 4.16 247.76 97.56 20.92
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109.76 4.33 247.93 109.76 21.85

121.93 4.49 248.09 121.95 22.69

134.15 &.63 248.25 13_. 15 23.41 /---.
1/,6.54 4.77 2/,8.37 1_.Z_ 2/,. 10

158.54 4.90 248.50 158.5/, 24.72
170.73 5.03 248.63 170.73 25.31 ....

182.93 5.15 248.75 182.93 25.83

195.12 5.27 248.87 195.12 26.3'1
207.32 5.38 248.98 207.32 26.73

219.51 5.69 249.09 219.51 27.12
231.7'1 5.59 249.19 231.71 27.43

243.90 5.69 249.29 243.90 27.72

256.10 5.79 2_,9.39 256.10 27.96

268.29 5.88 249/,8 _ 268.29 28.1&
280.&9 5.97 249.57 280.&9 28.26

Z92.M 6.06 249.66 292.M 28.27

QCCFS) INCFT) HWELEV. * II-FAC O¢ DN TM DO DE M IN!

10.00 1.33 245.87 ,' .02/, .83 .95 1.83 1.83 1.09 1.33 1.10

20.00 1.98 2_,6.52 " .02& 1.18 1.33 2.54 2.54 1.72 1.98 1.59

30.00 2.&2 246.96 * .024 1.45 1.63 2.86 2.86 2.06 2.42 1.99

49.00 2.80 247.3& * .O2& 1.M 1.89 3.12 3.12 2.35 . 2.80 2.34
50.00 3.1/, 247.68 * .02/, 1.88 2.13 3.36 3.36 2.61 3.1/, 2.66

60.00 3.4/, 247.98 " .024 2.07 2.3,; 3.56 3.56 2.83 3.A_ 2.96
70.00 3.73 248.27 * .024 2.24 2.55 3.74 3.7,; 3.0_ 3.73 3.2&

80.00 &.01 248.55 * .024 2.40 2.75 3.90 3.90 3.23 _.01 3.52

90.00 _,.28 248.82 * .024 2.55 2.94 &.05 &.05 3.&2 4.28 3.79

100.00 /,.53 249.07 * .024 2.70 3.13 /,.19 &.19 3.60 /,.53 &.05 -'
110.00 /,.79 249.33 - .02/, 2.83 3.32 4.33 4.33 3.78 &.79 /,.30

• 120.00 5.0_ 249.58 • .02& 2.97 3.50 4.46 &._6 3.96 5.0_ 4.56 - "

130.00 5.28 249.82 * .024 3.09 3.69 4.58 4.58 4.13 5.28 &.80

140.00 5.52 250.06 " .O2& 3.21 3.M &.70 &.70 4.30 5.52 5.05

150.00 5.76 250.30 * .02/, 3.33 /,.iNS &.81 /,.8_ _./,7 5.76 5.30
160.00 6.00 250.54 " .024 3.45 4.28 4.92 4.92 4.64 6.00 5.54

170.00 6.24 250.78 * .024 3.56 &.50 5.02 5.02 4.81 6.24 5.78

180.00 6.49 251.03 * .024 3.67 4.74 5.12 5.12 /,.99 6./,9 6.03

190.00 6.74 251.28 I' .024 3.77 5.03 5.22 5.22 5.16 6.74 6.27

200.00 7.00 251._ * .024 3.87 5.49 5.31 5.31 5.34 7.00 6.51

TOTAL "Hi/" VS.ag" DATAPR[I/T-OUT

DCCFS) )JVCFT) m_-ELEV(FT)

10.00 1.33 245.87

20.00 1.98 246.52

30.00 2.42 2/,6.96

40.00 2.79 247.33
50.00 3.1/, 247.68

60.00 3.&& 247.98
70.00 3.73 248.27

80.00 4.01 248.55

90.00 4.28 248.82
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100.00 4.53 249.0'r

110.00 4.79 249.33

120.00 5.o4 249.M
130.00 5.28 249.82

140.00 5.52 250.06

150.00 5.76 250.30
160.00 6.00 250.5/,

170.00 6.24 250.78

180.00 6.49 251.03

190.00 6.74 251 ._
ZOQ.O0 7.00 251.5_

SPECIFY: Ii - I/ENJ08, F * FILE, S - STaP
F

SPECIFY [d:l _oath]f|Lename[.e_] FORSTORAGEOF IfJoDATAAT INLET OF "CULVERTCS)
11G.TW

SPECIFY= II * NEWJOB,F " FILE, S " _LJ_
S

2

ilAC:_TER CCHPUTERPROGRN4FOROPENCHANNELS

EKTER [d:] r4_t4_lfi ter_me[.ex_] OF ClMNEL-DATA triLl[

DISPLAYCHANNELDATA ('r or il)?
Y

oegeooeome eee oee_.oo, em_eeeoe_ooeo_emoo_o_eeo_oe_e_ogeo_eo_ee_o_ooe_ooo_oe

OUTFLOWCOI_|TIONS AT STATIOlt 866.73 TAILI4ATERDATA:

1) SPECIFY TYPE OF TAILUATERDATA INPUT: S o SINGLE TN-EI.EV.
F - 11//1_ DATAFILE

F

2) ENTER: [d:] [peth]fiLenaae[.ex_l OF I_/TW DATA
TI_.TW

eeen_eese_e_e_ee_eeeeeemee_eee.eoeeaeeeeae.eeeoeeee_eeeeeeeeeeeo_meeieeeeeeea_

EATER: _41N, QNLX. QINC:P,E,PRINT-OPTION(STANDARDs1,COI_ENSED=2, EXPANDEDz3)
.OO 200.00 10.00 1

rrATZmi 866.73: II/YERT8 2_.54 FT EC=1.30 O-UTZO= .GO

CltOSS-SECTIONDATA:

DIST/STAGE IS HEASU_D FROMINVERT; N-FA¢ IS MEASUREDBETIrcENSTAticS

LEFT(FT) STAGE(FT) N-FACTOR * RIGKTCFT) STAGIECFT) N-FACTOR
• .00 .DO .300 " .DO .00 .3DO
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2.50 .00 .300 * 4.00 .O0 .300
2.M 1.41 .000 * 5.49 1.33 .000

16.35 7.53 .030 - 18.26 6.84 .000 /"-
57.8.5 7.53 .000 • 50.62 7.15 .000

112.11 7.53 .000 * 99.37 7.15 .000

2:,I .24 8.38 .000 " 163.43 7.15 .000
259.13 8.47 .000 * 296././, 7.92 .000

310.46 12.48 .[GO * 3,8.68 10.22 .030

Q(CFS) YI(FT) b'S ELEV. * Y[:-IN YIt-IN 0-1"VTV*HT N'Y1 A-Y1 _*Y1 V-Y1

10.00 2.18 2t,6.72 * J,6 2.18 10.00 1.33 .187 18.00 13.65 .56

20.00 2.89 247./.3 " .71 2.89 20.00 1.98 .162 27.42 17.22 .73

30.00 3.37 247.91 * .93 3.37 30.00 2.42 .150 35.10 19.63 .85

/.0.00 3.75 248.29 " 1.12 3.75 40.00 2.7; .141 41.93 21.53 .95
50.00 /..06 2/.8.60 * 1.29 4.06 50.00 3.1/. .136 48.00 23.09 1.04

60.00 /..33 2/.8.87 * 1.&5 4.33 60.00 3.44 .131 53.6/* 24.45 1.12

70.00 4.57 249.11 " ;.62 4.57 70.00 3.73 .127 58.94 25.65 1.19
80.00 4.79 249.33 * 1.77 4.79 80.00 4.01 .124 64.04 26.76 1.25

90.00 4.99 249.53 * 1.92 4.99 90.00 /..28 .122 68.86 27.76 1.31

100.00 5.17 249.71 * 2.05 5.17100.00 4.53 .119 73.36 28.67 1.36

110.00 5._ 249.88 * 2.17 5.34110.00 4.79 .117 77.74 29.52 1.41

120.00 5.51 ?..50.05 " 2.28 5.51120.00 5.0/. .115 82.26.30.37 1.46

130.00 5.66 250.20 * 2.39 5.66130.00 5.28 .114 86.36 31.13 1.51
140.00 5.80 230.34 * 2.49 5.80140.00 5.52 .112 90.27 31.83 1.55

150.00 5.94 250.48 • 2.59 5.94150.00 5.76 .111 94.28 32.53 1.59

160.00 6.07 250.61 • 2.68 6.07160.00 6.00 .110 98.08 33.19 1.63

170.00 6.24 250.75 * 2.77 6.20170.00 6.2/. .108 103.17 34.04 1.65

180.00 6.49 251.03 * 2.85 6.32180.00 6.49 .106 110.90 35.30 1.62 "
190.00 6.74 251.28 " 2.94 6./.3190.00 6.74 .10/, 118.91 36.55 1.60
200.00 7.00 251._ * 3.011 6.5:,200.00 7.00 .08:, 128.8.5 5_.14 1.55

n_'REACH NO. 1: LENGTH=113.42 FT AVG.GRADE,, .3_:; _;;_-

STATXOIi 753.31= l)_ltT_ 2_,.93 Ft" [C:21.30 O-P.ATIO= .00

C:P.OSS-SECTI Oil DATA:

DZST/STAGEIS HEASUREDFITCHINVERT; N-FAC IS MEASUREDBETWEENSTAG_S

LEFTCFT) STAGE(Ft) II-FACTOR * RIGKT(FT) STAGECFT) N*FACTC_

,DO .DO .3DO * .00 .DO .300

3.50 .00 .300 * 3.00 .00 .300 ".
8.52 2.25 .000 '_ /../.0 : .92 .000

24.97 7.84 .000 * 13.91 _-.,"_, 9,_',?..000

47.26 9.40 .000 * 93.89 6.77 .000
t38.94 10.78 .000 * 225.19 6.77 .000

194.65 10.78 .000 " 329.05 9.61 .000

264.85 15.69 .000 _ 355.20 9.80 .000

Q(CFS) YI(FT) _d$ELEV. * YC-IN TN-IN YC-OT YN-OT N-Y1 A-Y1 _poyl V-Y1

10.00 2.12 2/.7.05 * .45 .00 ./.5 1.92 .180 20.46 1/..50 ./.9

20.00 2.00 2:,7.76 " .69 .DO .69 2.61 .157 30.88 18.18 .65
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30.00 3.31 248.2s, * J9 .08 .89 3.M .145 39.32 20.73 .?6
40.00 3.69 248.62 • 1.06 .00 1.06 3Jd, .137 46.81 22.?5 .15
50.00 4.01 2/6.94 * 1.22 .00 1.22 3.?5 .131 53.66 24.45 .93
60.00 /,.ZJS 249.21 • 1.36 .iX) 1.36 4.01 .127 59.83 25.M %00

70.00 4.52 249.45 * 1.&9 .00 1.&9 &.24 .123 65.62 27.16 1.07

BO.O0. /,.Tt, 249.67 • 1.61 .00 1.61 6./6 .120 71.17 20.32 1.12

90.00 4.9/* 249.87 * 1.73 .00 1.73 4.65 .118 76.42 29.39 1.18
100.00 5.12 250.05 * 1.8/, .00 1.84 4.83 .116 81.32 3Q.2V. 1.23

110.00 5.30 ;50.2[3 * 1.94 .00 1.9; &.99 .114 86.37 31.30 1.27
120.00 5.46 ;50.39 * 2.05 .00 2.05 5.15 .112 91.00 32.15 1.32

130.00 5.62 250.55 * 2.15 .00 2.15 S.30 .110 95.75 33.00 1.36
140.00 5.76 ;50.69 • 2.24 .08 2.24 5./,4 .109 100.01 33.74 1.40

150.00 5.90 ;50.83 • 2.3& .00 2.3& 5.57 .107 104.37 34.48 1._

160.00 6.03 ;50.96 • 2.43 .00 2.43 5.70 .106 108.50 35.17 1.47

170.00 6.19 ;51.12 • 2.52 .00 2.52 5.82 .103 113.70 36.02 1.50
180.00 6.40 ;51.33 * 2.60 .00 2.60 5.94 .103 120.72 37.14 1.49

190.00 6.62 ;51.55 • 2.M .00 2.M 6.Q5 .101 "17.8.30 38.30 1./,8

200.00 6.77 ;51.70 • 2.76 .00 2.76 6.16 .GU, 133.61 250.38 1.50

;';';;REACH liD. 2: LENGTHz263.93 FT AVG.GMDEz ".OllZ ;';"_;"

STATIO#/ 489.38: INVEST: 244.73 FT EC=1.30 Q'IIATIOn .00

CROSS-SECTIOtl DATA:

DIS*T/STAGEIS HEASUP.ED_ INVERT; N*FA¢ I5 MEASURED5ETi4EENSTAGES

LEFTCFT) STAGI[CFT) N-FACTOR * RXGHTCFT) STAGECFT) N-FACTOR
.00 .00 .SO0 * .00 .00 .500

1 .SO .00 .500 • 5.00 .00 .500

2.60 .99 .300 * 8.11 .88 .300

7.93 3.33 .030 * 14.87 2.98 .050
24.87 5.30 .030 * 83.29 3.47 .030

00.03 6.51 .030 * 112.76 4.24 .030

76.36 9.50 .030 • 247.11 4.24 ,030

96.12 14.31 .030 * 336.15 7.08 .030

QCCFS) Y1CFT) US EL_. * YC'IN YN'IN YC'OT YN'OT N'Y1 A'Y1 UP'Y1 V'Y1

10.00 2.78" ;[47.51 • .&4 .00 .4J* .00 .Z76 37.33 22.08 .27

20.00 3.45 248.18 * .67 .00 .67 .00 .115 67.70 90.80 .30
30.00 3.08 248.61 * .86 .00 .86 .iX) .102 111.36 113.00 .27

_,0.00 4.;5 248.98 • 1.Q2 .00 1.02 .00 .066 157.22 26/,.58 .;5
50.00 4.$6 249.29 * 1.16 .00 1.16 .00 .065 240.40 27&.85 .21

60.00 4.83 249.56 * 1.30 .00 1.30 .OO .064 315J,4 2Z[3.80 .19

70.00 5.07 249.80 • 1.41 .00 1.41 .00 .063 384.16 291.75 .18
80.00 5.29 250.02 • %53 .00 1.53 .00 .062 /_8.83 299.04 .18

90.00 5.50 ;50.23 • 1.63 .00 1.65 .00 .061 512.47 310.08 .18
108.00 5.M ";50.41 * 1.73 .00 1.73 .00 .060 5M.M 319.72 .18

110.00 5.86 250.59 * 1.82 .00 1.82 .00 .060 627.04 329.36 .18

120.00 6.02 250.75 * 1.91 .00 1.91 .00 .059 680.18 337.93 .18

130.00 6.18 250.91 * 1.99 .00 1.99 .00 .058 734.70 346.50 .18

%0.00 6.33 25%06 * 2.07 .00 2.07 .00 .058 787.06 354.53 .18
150.00 6.47 251.20 * 2.15 .00 2.15 .00 .057 837.01 362.03 .18
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160.00 6.60 251.33 " 2.22 .00 2.22 .00 .057 884.23 366.88 .18
170.00 6.76 251.49 " 2.29 .00 2.29 .00 .057 943.08 371.68 .18

180.00 6.94 251.67 * 2.36 .00 2.36 .00 .0561010.19 377.09 .18 _-_
190.00 7.14 251.87 * 2.43 .00 2.L3 .00 .0561085.90 383.09 .17

200.00 7.62 252.35 * 2.49 .00 2.49 .00 .0551272.48397.51 .16

-:-;xF._X NO. 3: LFJGTHs 224.95 FT A'vG.GItADEs" .68= -;;;:

STATION 264.43: INVERT- 266.25 FT EC,,1.30 Q-itAT|O= .00

CROSSoSECTIONDATA:
DIST/STAGE IS MEASUREDFRCIqINVERT; N-FAC IS I,_J3URED_ STAG_S

LEFTCFT) STAGECFT) N-FACTOR * RIGIITCFT) STAIZCFT) N-FACTOIt
.00 .00 .500 * .00 .00 .500

3.00 .00. .500 * &.O0 .OD .500
6.83 1.19 .300 * 14.98 3.02 .300

14.23 4.18 .050 * 49.21 4.25 .050

62.11 4._3 .030 * 89.19 4;63 .030

102,52 7.06 .030 * 268.58 5.00 .030
143.21 12.% .030 * 307.83 5.29 .030

143.21 12.94 .030 * 396.97 6.69 .030

143.21 12.94 .030 * 452.20 8.85 .030

OCCF$) TICFT) I,'S F.LEV. " YC-IN YN-IN YC'OT YN-OT N-Y1 A'Y1 kP-Yl V'Yl

10.00 2.00 248.25 * .41 .00 .41 "1.89 .356 27.46 20.71 .36 .-'--

20.00 2.66 2/.,8.91 * .63 .00 .63 2.57 .334 /,2.07 24.96 .AS _

30.00 3.10 249.35 * .80 .00. .80 3.06 .308 53.36 29.72 .56 _'"
40_00 3./d. 249.69 " .9_ .00 .94 3.38 .256 64.89 40.10 .62

50.00 3.69 249._ * 1.07 .00 1.07 3.61 .231 75.60 47.73 .66

60.00 3.91 250.16 * 1.18 .00 1.18 3.79 .213 86.60 .%.4z, .69
70.00 4.11 250.36 * 1.29 .00 "1.29 3.95 .200 97.86 60.55 .72

80.00 4.28 250.53 * 1.38 .00 1.38 4.09 .161 109.37 86.94 .75

90.00 4.43 250.68 * 1.48 ,00 1Jd5 4.21 .125 125.58 131._5 .'r2
100.00 4.5/, 250.79 * 1.56 .00 1.56 4.31 .118 140.63 1_.72 .7'1

110.00 4.66 250.91 * 1.64 .00 1.64 4.38 .108 158.90 170.59 .69

120.00 4.76 251.01 * 1.72 .00 1.72 4.44 .093 178.34 220.61 .67

130.00 4.87 251.12 * 1.80 .00 1.80 4.49 .083 205.50 275.6:, .63

140.00 4.97 251.22 * 1.07 .00 1.87 4.53 .076 235.U, 325.66 .59

150.00 5.07 251.32 * 1.9:, .00 1.94 4.58 .073 269.53 351.22 .56
160.00 5.17 251.42 * 2.01 .00 2.01 4.62 .072 305.29 366.29 .52

170.00 5.31 251.56 * 2.07 .00 2.07 4.66 .070 357.86 385.96 .48

180.00 5.47 251.72 * 2.14 .00 2.14 4.69 .069 420.43 398.61 • .:G
190.00 5.65 251.90 * 2.20 .00 2.20 4.73 .068 493.24 _12.85 .39

200.00 6.11 252.36 * 2.26 .00 2.26 4.76 .065 690.95 _9.22 .29

:::_'_H N0.'4: L_XGTH- 164.43 FT AVE.GRADEs .00_. :_.-,_

STATION 100.00: INVERTs 2&6.25 FT EC=1.30 Q-RATIOs .00
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_tI_S-SECT X011DATA:

DIST/STAGE IS I_.ASU_ED_ INVlgIT; II*FAC IS NEASUREO_ STAJ_S

LEFTCFT) STA_q_CFT) III-FACT_ t IIGI_rCFT) STA_CFI') N-FA_'TOR

.00 .00 .500 * .00 .00 .500
3.50 .00 .500 * 4.00 .00 .500

22.58 .98 .300 * 7.92 1.87 .300

28.90 3.76 .030 * 23.81" 3.95 .050

71.36 8.16 ".030 . 243.58 &.91 .030
78.85 11.29 .030 * 381.66 5.&& .050

78.85 11.29 .030 * 504.30 8.2& .030

OCCFS) Y1CFT) US ELEY. _' YC-II TII-XI YC-GT YW-OT I-Y1 A-Y1 UP-Y1 V-Y1

10.00 2.47 248.72 * .35 '00 .35 .00 .304 66.22 39.27 .15
20.00 3.18 249.43 * .52 .00 .52 .00 .273 96.03 46.51 .21

30.00 3.67 249Jr_ • .(_ .00 ._ .00 .237 119.52 51.50 .33

&O.O0 4.00 7.50.25 • .75 .00 .75 .00 .216 137.17 67.63 .29
50.00 &.23 250.&8 * .IS& .00 .S& .00 .1&9 158.77 1;[2.54 .31

60:00 4.41 250.66 " .92 .00 .92 .00 .125 18&.&8 165.49 .33
70.00 4.37 250.82 * ._ .00 ._R) .00 .111 213.82 ZO3.M .33

80.00 4.71 250.96 * 1.05 .00 1.05 .00 .102 2_.50 237.08 .33

90.00 4.80 251.05 * 1.11 .00 1.11 .00 .097 266.70 ;58.56 .34

100.00 4.86 251.11 * 1.16 .OO 1.16 .00 .0_ 212.$7272.88 .33

110.00 4.9& ;51.19 * 1.21 .00 1.21 .00 .090 305.08 292.92 .36
120.00 5.00 251.25 * 1.27 .00 1.27 .00 .088 323.07 309.13 .37

130.00 5.07 251.32 * 1.31 .00 1.31 .00 .085 3_5.28 328.05 .38

140.00 5.13 251.38 * 1.36 .00 1.36 .00 .083 365.38 3:,4.26 .38

150.00 5.20 251.45 * 1.41 .00 1.&1 .00 .081 390.05 363.18 .38

160.00 5.27 251.52 * 1.46 .00 1.&6 .00 .079 &16.05 382.10 .38

170.00 5.39 251.6& * 1.50 .00 1.50 .00 .075 4_3.70 414.53 .37

180.00 5.5"3 251.73 " 1.5/, .00 1.54 .00 .074 5;5.33 /,32.85 .3&
190.00 5.69 ;51.9_ * 1.59 .00 1.59 .00 .073 593.07 4_.1.&1 .32

200.00 6.13 252.38 * 1.63 .00 1.63 .00 .071 791.90 /_.96 .25

:;;;REACH NO. 5: LENGTH- 74.00 FT AVG.G/ULDE--1.70_ ;;;;

STATZOli 26.00: XINERTs 2/*4.99 FT ECzl.30 Q-RATZC_ .00

C_SS-SECTXONDATA:

DIST/STAGE IS HEASUI_DFRCI¢INVERT; N*FAC IS HEASUREDBET'dEENSTAGES

LEFT(FT) GTAGE(FT) N-FACTOR " RXGHT(FT) STAGE(FT) N-FACTOR
.00 .00 .500 * .00 .00 .500

3.50 .OO .500 * 4.00 .00 .500

32.58 .98 .300 * 7.92 1.87 .300 ,
28.90 3.76 .030 * 23.81 3.95 .050

71.36 8.16 .030 * 243.58 &.91 .050

78.85 11.29 .030 * 381.66 5.U* .030

78.85 11.29 .050 * 504.30 8.2& .030

QCCFS) YI(FT) US ELEV. * YC-IN YIi-IN YC-OT YN-OT N-Y1 A-Y1 UP-Y1 V-Y1
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10.00 3.76 248.75 - .35 .00 .35 .00 .2_ 124.09 52.41 .08

20.00 A.47 249.46 * .52 .DO .52 .00 .119 194.76 179.81 .10
30.00 &.96 249.95 * .64 .DO .64 .00 .090 310.96 298.32 .10 /--.

40.00 5.29 250.28 * .75 .OO .75 .OO .078 423.T'I387.49 .09

SO.DO 5.$2 250.51 • .84 .00 .84 .00 .074 519.90 &32.31 .1O
60.00 5.70 250.69 ; .92 .00 .92 .00 .073 5Fr.45 &&l.9_ .10

70.00 5.86 250.85 * .99 .OO .99 .00 .072 668.65 /,50.51 .10

80.00 6.00 250.99 * 1.05 .00 1.05 .00 .072 732.06 458.00 .11
90.00 6.0_S 251.07 - 1.11 .00 1.11 .00 .072 768.77 _,S7..28 .I2

1OC.00 6.15 251.14 * 1.16 .IX) i.16 .00 .071 801.17466.03 .12

110.D0 6.22 251.21 " 1.21 .DO 1.21 .00 .071 833.83 &69.T/' .13

128.00 6.28 251.27 * 1.27 .00 1.27 .DO .071 862.0& 472.98 .14

130.00 6.35 251.34 * 1.31 .OO 1.31 .OO .070 895.19 4?6.73 .15
140.00 6.41 251.40 * 1.36 .00 1.36 .O0 .070 923.81 A79.D& .15

150.00 6._ 251.47 * 1.&1 .00 1.&1 .00 .070 957.&& &83.68 .16

160.00 6.55 251._ " 1./_ .00 1.&6 .00 .070 991.34 4417._3 .16
170.00 6.67 251.66 * 1.50 .00 1.50 .OD .0691050.06493.85 ;16

180.00 6.81 251.80 t 1.5'; .00 t.54 .0_ _0691119.5& 501.3& .16

190.00 6.96 251.95 " 1.59 .OO 1.59 .00 .0681195.I& 509.37 .16
200.00 7.&0 252.39 * 1.63 .DO 1.63 .00 .0671423.85 532.92 .14

NOTE: UATERDEPTH INFORHATIORFORTHIS LASTCROSS-SECTIONUAS COHPUTEDASSUMING

APPROACHVELOCITIES GREATERTHANOREOUN. TO CROSS*EEC'rIo#UkLVELOCITIES.

IF NOT THE CASE, UATERDEPTHS_ BE ADJUSTEDBY SPEr'XFYING,A - ADJUST.

SPECIFY: F - FXLE, A - ADJUST, P - PRINT It/D, N - HEVJ_S, S - ST(:P
F

SPECIFY: 14- liN/TW DATAFILE, R - ROUTINGDATAFILE, E " ESCAPE, S * STOP . "--'_
K ' /

ENTER [d:3 (path)fitenme[.ex_ FORSTOUG£ OF IN-DATA ¢:OIIPUTEDAT STA. 28.00:
TU_.TW

SPECIFY: H ° IN/Tb/ DATAFILE, N - ROUTINGDATAFILE, E - ESCAPE, S - STOP
S

4

BAC)(_,TERPRDGRN(FOR'R,C_D/ARCN_JLVERTS

ENTER: NUMBEROF CULVERTS
1

----...........................................................................

OUTFLOWC:OHDITIONSPIPE NO. 1 - TAILVATERDATA:

1) SPECIFY TYPE OF TA|LUATERDATAXNPUT:$ - SINGLE TI/-ELEV.

F - TN/I_ DATA FILE
F

2) ENTER: [d:] (path)fftename[.ext).OF IN/TV FILE
11_.TV

28) DXSPLAT1"N/IN DATA-FXLE(Y or N) ?

Y

-'---..........................................................................
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I_J_/kqCH PIP[ lINT CCOINGINF_IU, TION:

PiPE TYPE C:GDING:

1 - CONC/SXOOTHBORE(m0.012) 5 - CXPAltON (NEWrsC:NETRY)

2 - CORJKJGATEDILc'I'JU.(nuO.024) 6 - D3NC/SNDOTNAR_ (OLD)

3 - HELICALCHP (n-fac varies) 7 - COHC/SIqOOTHARCH(HEY)

& - C)qPARCHCOLDr=C:HETRY) 8 - ItOL_ ¢user sets rrfec)

ARCHPZP[ ¢_DING - EQUiVAUgt'TROUNDSIZE 14JSTE |NPUTTEDPI_ FIX.L_ZNG TABLE:

EQUIV'DIAN. OLD'ARCH NEV'ARCH * EOLIIV'DIAM. a.D'AN ma- lIEU-ARCH
15" 18"X 11u 17"X 13" * 42" SO'X 31" 49"X 1 _"

18" 22rex 13" 21"X 13" * &8" SlPX 36" S?"X 38"

21" 2SaX 16" 24rex 18" * 5&n 63rex &Oa" 64"X &3u
24" 29rex 18" 20"X 20" * 60_ 72rex &&" 71eX 47'

30" 36")( 22" 35"X 2&" * 66" 79aX t,9" 77_ 52_

36" &3"X 27_ &2"X 29" * 72" 8S"X 54" 83"X $71,

INLET TYPE CCDING:

1 - CMP/PR¢_. A - CP S0C2_/1:9._. 7 - C)IAP/PROd. 10 - OTHEN¢SEE

2 * CMP/KDW_.L S - CP SG.EDGF./_UALL 8 - CIMP/NDVALL FIWA REPQIT
3 - C)tP/I(ITEI_ 6 - CP SOt2_WKDt_N.L 9 - CNkD/MITER NOSNO.5)

ENTERPiPE # 1: LENGTHCft), DIAC|n), PIPE-TYPE, OLITLET-IE, INLET-IF', INLeT-TYPE
26.00 &8.DO 2 2&4.99 2_.91 1

_.e_e_ee_ee_..ee.e e e_e_.ee._eee._ee_e o_e_ee_le_eee_ee_ee_eeeee_e_e_m_

INFLOWC:O_,ITZO_S- OVERFLOWDATAANDUPSTREAMVELOCITYDATA:

1) ENTER: OVENfLOW'ELEV,OVl[RFLDI_*TYPE(NONEaO, IIROAD'UEIRxl, SIUUUb*I_EIRxR)
?.53.00 1

ls) ENTER: '_EIR LENGTH(f'_), Kl"Cft) ABOVEOVERFLOU
110.00 .20

2) SPECIFY TYPEOf VELOCITYDATA INPUT: S " SINGLE VELOCITYUPSTRF.JIM

V - VARYVELOCITY_ING TO W'Q/A
s

3) ENTER: VI:'LOCITY(f_) UPSTR,EAM
.00

.-..............................................................,..............

ENTER:CIHIN, QMAX, QZNC]_, PRINT-OPTION (STANDARDz'I,CONDENb"EDxR,EXPANDED83)
.00 200.00 S.IX) 1

PIPE NO. 1: 26 LF * &SnCMP li -.31_ OUTI_ET:2_.99 INLET: 2t.&.91 IKTYP: 1

T',/ DATAAD,II_TEU BASEDCH CROSS-SECTIONALAREA

Q-TOTCCfS) T'JCFT) TU-ELEV(FT) O-ADJCCFS) AREACSQ*FT)

.DO ".00 2U,. 99 .IX) .00

10.00 3.76 248.73 10.00 12.26

20.00 4.&7 2&9.&6 20.00 12.$7
30.00 4.96 2&9.9S 30.00 12.57'
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40.00 5.29 250.2B /,0.00 12.57
50.00 5.52 250.51 50.00 12.57
60.00 5.70 250.69 60.00 12.57 .__
70.00 5.86 ?.50.85 70.00 12.57 t
80.00 6.00 250.99 80.00 12.57
90.00 6.08 251.0_ 90.00 12.57

100.00 6.15 251.1_ 100.00 12.57
110.00 6.22 251.21 110.00 12.57
120.00 6.28 251.27 120.00 12.57
130.00 6.35 251.3/, 130.00 12.57
l&O.O0 6.41 251.tO 140.00 12.57
150.00 6.48 251.47 150.00 12.$7
160.00 6.55 251.54 160.00 12.$7
170.00 6.67 251.66 170.00 12.57
180.00 6.81 251.80 180.00 12.57
190.00 6.96 251.gS 190.00 12.57
200.00 7.40 252.39 200.00 12.57

OCCFS) flU(FT) IN ELEY.* N-FAC DC DN TU DO DE HWO HW|

5.00 1.99 246.90 - .024 .65 .00 1.B8 1.M 1.97 1.99 .89
10.00 3.87 248.78 * .024 .93 .00 3.76 3.76 3.83 3.87 1.29

15.00 4.25 249.16 * .024 1.1/, .00 &.11 /,.11 4.20 . &.25 1.61
20.00 4.64 249.55 " .024 1.32 .00 &.47 &.47 &.57 4.64 1.90
25.00 4.94 249.85 * .n24 1.48 .00 4.72 4.72 &.82 &.9& 2.16
30.00 5.25 ;50.16 * .024 1.63 .00 4.96 /,.96 5.08 5.25 2.42
35.00 5.49 250.40"* .024 1.77' .00 5.13 5.13 5.26 5.49 2.66
40.00 5.74 250.65 * .02_ 1.89 .00 5.29 5.29 5.64 5.74 2.90

45.00 5.95 250.86 * .024 2.0.1 .00 "S.48 5.&0 5.57 5.95 3.13 -='-t

50.00 6.18 25%09 " .024 2.13 .00 5.52 5.52 5.71 6.18 3.36 )
55.00 6.39 ;51.30 * .024 2.24 .00 5.61 5.61 5.82 6.39 3.58
60.00 6.61 251.52 * .024 2.3& .00 5.70 5.70 5.93 6.61 3.81
65,00 6.83 251.74 * ,024 2,&& .00 5.78 5.78 6.04 6.83 4,03
70.00 7.07 751.98 * .024 2.53 .00 5.86 5.86 6.15 7.07 4.25
75.00 7.30 252.21 * .07.6 2.63 .00 5.93 5.93 6.25 7.30 4.48
80.00 7.55 252.46 * ._4 2.71 .00 6.00 6.00 6.35 7.55 4._

83.08 7.78 252.69 " .024 2.80 .00 6.04 6.04 6.43 7.78 4.92
90.00 8.02 252.93 * .024 2.88 .00 6.08 6.08 6.51 8.02 5.08
95.00 8,27 253.18 * ,024 2,96 ,00 6.11 6,11 6.58 8.27 5,35

:_';'=';-_:-.... ::-'=-'- OVERFLOUEW:QUHTF..R_AT 95°00 CFSDISCHARGE_;.;._:-;:.:-.;--_._--;--._
100.00 8.53 253._ * .024 3.04 .00 6.15 6.15 6.66 8.53 5.64
105,00 8,80 253.71 * ,024 3.11 ,00 6,18 6,18 6,7& 8,80 6.03

TOTAL"IW" VS.nQ"DATAPRIHT-OUT

accFs) INCFT) _W-ELEV(FT)

5.00 1.99 246.90 ,_ see pl_ 17 of wdst_ channel _or dw;ins
10.00 3.87 248.78
15.00 4.25 249.16
20.00 4.64 249.55
25.00 4.94 269.85
30.00 5.25 250.16
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35.00 5.&9 2SO.&O
&O.O0 5.74 25O.65
45.00 5.95 250.86
50.00 6.17 2_S1.08
55.00 6.39 251*30 ......
60.00 6.61 251.52
65.00 6.13 251.74
70.00 7.07 251.98 ""
75.00 7.3O 2S:'.21
80.00 7.55 252.46
8S.._0 7.78 252.69
90.00 8.02 252.93
95.00 8.Z7 253.18

"'_--;;;_;_- OVERFLOWENCOUNTEREDAT 95.00 CFSDISC)IARG£
_--_;_ THEFOLLOUIIIGDATAINCLUDE$CULVERTFLOUPLUSk_|R FU_ --_'_ "" "

312.08 8.53 253._;

SPECIFY:N " NEVJOB,F " FXL.E,S " STOP " 1

F

SPEr'IFTM:] (;m'_]fitlrmm[.ix'_ FOR_ OPI_-DATAAT INLETOF_YDTCS)
TV4.TW

SPECIFY:i * NEWJO8,F - FZLE,S * STOP
$
7
Stop - Programtermirmted.
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f
TOI"AJ."llt,ful V];._" DATA PILXlt(T*oLrr

QCCFS) INCFT) XV*ELEV(FY) -- i
.,,k J_.

.50 .St, 2t,5.45 -"

1.DO .59 245.50 "" i
i1.50 .73 245.6&

2.00 .90 245.81 ..

2.50 1.08 2/,5.99 I

3.00 1.25 2/,6.16 "'_ I
3.50 1J,4 246.35

_.00 1.62 246.53

4.50 - 1.80 246.71

SPECIFY; H * IIEVJ(i, F " FXLE, S " STOP
F ..- .. ;

SPECIFY [d:] [i=4ith]f|Lename[.exU FORsTORAGEOF IN-DATA AT ]INLETOF CULVERTCS)
lV4.TU

SPEr'ZFY: N - NEWJOB,F " FZLE, S " STOP
S

7

Stop - Program ¢ermina:ed.

qk.

Existing Channel downstream of NW Ponds - page 17
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• • ]gewt:esl:

PROPOSED DOWISTREAM
OF NORTHWEST PONDS

_ DI=P_ Or _ ]LF.qOOlCF.S
_Ce= a_l ][_ml ]tmmx_'cu D_ViSt_m

iULCSOOt.mj_ AIP_YSZS iqU=GILI4 ..

Vezl:l.c_ 5.308

FLle Cqpaned £c_" ResdL.ug:ssmv_='_ .c_

]UU:XN_ COk,wvz,-,r.k MtOGIUU4 _ 01Pml
"'"*"-'l Da,t=a. F4"tan,_e:_.cha

'l"a.J.lv'aCe.: Ll.eviC£c:m._O. £eel:

D£scbsz"ge ltanges2S. Co 600. SCalp of 25. Ices]

82_T2(_ 2282.00: Z]gVJD_- 237.10 !'2' 1_C-1.30 QoIULT_O*0.00

CIOSS - S_'I"ZOH DATX:

DZST/STJMgZ ZS _ lrJUXq 2]rvlu_; N*IeAC ZS _ _ r/_GT.S

(IP1') _ {F'I') Ho_ " ]t._GIL"I'(FI') _ (7"It) N-F_C"I"O_.
0.00 0.00 0.040 * 0.00 0.00 0.040
4.00 0.00 0.040 * 4.50 0.00 0.040

14.16 0.24 0 • 040 * 18.30 8.43 0.040

25.61 9.78 O.OSO * 35.33 8.(0 O.OSO
40.39 _).95 O.OSO * 46.25 8 .GO 0.050

101.40 :[,3.41 0.050 * 7'7.18 54.47 0.050
138.4C 14.S7 0.0S0 • 7";.18 14.47 0.0S0

Q(CTS) "/I(FT) IIS ZZ,I_. * "£C-Z]g _DI-ZN Q-TW TI_-H2' N-Y2 &-TI WPo'Z'J. V-Y1
tteQttmttttttetetett wttttto_otw_etttet_tttttettttttet eetQ_o_e_t t *_e_t_mt _t _t

25.00 1.16 238.36 • 0.68" 1.16 0.00 0.00 0.040 11.79 _.S? 2.12

SO.O0 1.73 238.83 * 1.06 1.?3 0.00 0.00 0.040 1J.O0 14.S? 2.163
?S.O0 2.17 239.27 * 1.36 2.17 0.00 0.00 0.040 25:20 18.11 2.98

100.00 2.54 239.64 • 1.62 2.$4 0.00 8.00 0.040 30.85 17.40 3.24
125.00 2.86 239._)6 • 1.85 2.86 0.00 0.00 0.040 36.05 18.53 3.4";
150.00 3.16 240.2t; * 2.016 3.16 0.00 0.00 0.040 41.19 19.58 3.64
175.00 3.43 340.$3 * 2.36 3.43 0.00 0.00 0.040 40.04 30.$2 3.80

200.00 3.68 240.?8 * 2.44 3.68 0.00 0.00 0.040 S0.71 21.40 3.94
225.00 3.91 241.01 * 2.63 3.91 0.00 0.00 0.040 85"-1"7 23.21 4.08
250.00 4.1.3 341.23 * 2.78 4.13 0.00 0.00 0.040 59.58 22.98 4.20
2?5.00 4.34 241.44 * 2.P4 4.34 0,00 0.00 0.040 t63.92 3.3.73 4.30
300.00 4.54 241.84 * 3.09 4.$4 0.00 0.00 0.040 68.17 :_4.42 4.40

325.00 ;t.?3 241.83 * 3.33 4.73 0.00 0.00 0.040 72.31 25.08 4.49
350.00 4.)1 242.01 * 3.37 4.91 0.00 0.00 0.040 ?6.33 25.71 4.59
375.00 S.08 242.18 • 3.50 5.08 0.00 0.00 0.040 80.21 36.31 4.1;8

400.00 S.25 342.35 • 3.63 S.25 0.00 0.00 0.040 84.18 26.91 4.?S
425.00 S.41 243.51 * 3.?S S.41 0.00 0.00 0.040 87.99 27.47 4.83
450.00 5.S? • 242.67 * 3.87 5.57 0.00 0.00 0.040 91.8"7 38.03 4.90
475.00 5.'72 242.82 * 3._9 S.72 0.00 0.00 0.040 95.5? 38.55 4.97

S00.00 S.8"7 242.9? * 4.10 S.87 0.00 0.00 0.040 99.34 29.08 S.03
S25.00 46.01 243.11 * 4.21 6.01 0.00 0.00 0.040 102.$3 29.S? 5.10
550.00 6.15 243.2S • 4.32 6.15 0.00 0.00 0.040 106.SS • 30.06 S.ll;
575,00 6.28 243.38 * 4.43 6.28 0.00 0.00 0.040 109.98 30.52 S.23

t;00.00 6.41 243.$1 • 4.53 6.41 0.00 0.00 0.040 113.45 30.9? S.39

tttt_ _. I: _l 674.05 _ A_*_ 0.3St tttt

S'L_2"ZO_ 1607.95: Z:_;]D_'8 239.52 I"L' EC-1.30 0-RATZOe0.00

CP-os.q* SECTZ_ DATA:

Z,EFT (FT) STAGE (leT) N-I_I_OR * i_GHT (FT) b"T_E (Fr) _-F_'_'_I_
0.00 0.00 0.040 * 0.00 0.00 0.040

4.00 0.00 0.040 * 4.S0 0.00 0.040
25.61 10.S0 0.040 * " 29.00 9.32 0.0S0

AR 042164
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40.39 10,57 0.0S0 " 60.25 9.35 0.0S0
101.40 14.13 0.0S0 * 77.15 15.19 0.050
138.48 15.29 0.050 " 77.18 15.19 0.050

Q(C?S) YI(FZ') WS 33J_. * YC-Z]R 1_i-::_ YC-OT 1D;*O'L' N-YZ A-YZ 1_-Y1 V-'z"J.
Qt�ott t 9t ewtett�tt W_ttw�ttoet ttttttst etttttett_tstet�etteteeetettt f'tttettett't

25.0(_ 1.15 240.67 * 0.67 1.15 0.£7 1.15 0.042 12.87 1•.37 1.94
50.00 1.70 241.22 " 1.02 1.1;9 1.02 1.19 0.0•3 21.22 17.17 2.36
75.00 2.13 241.65 * 1,30 2.10 1.30 2.10 0.043 28.74 lS.31; 2.1;1

• 100.00 2.49 242.01 " 1.54 2.45 1.54 2.45 0.043 35.69 21.20 2.80
125.00 2.81 242.32 * 1.75 2.75 1.75 2.75 0.044 42.39 22.83 2.95

150.00 3.10 242.1;2 " 1.94 3.02 1.94 3.02 0.044 48.87 24.31 3.07
175.00 3.36 242.88 " 2.11 3.26 2.11 3.2l; 0.044 $5.02 25.64 3.18
200.00 3.1;1 243.13 * 2.28 3,49 2.28 3.49 0,044 51.22 21;.91 3.27
225.00 3.04 243.36 * 2.•3 3.70 2.43 3.70 0.044 I;7.20 28.09 3.35
250.00 4.06 243.58 " 2.57 3.90 2.57 3.90 0.044 73.14 29.21 3.•2

275.00 4.26 243.78 • 2.71 4.08 2.71 4.0e 0.044 78.74 30.23 3.49
300.00 4.4(; 243.98 * 2.84 •.26 2.54 4.26 G.044 54.52 31.25 3.55
325.00 4.1;4 244.14; • 2.97 4.43 2.97 4.43 0.044 89.89 32.17 3.1;2
350.00 4.82 244.34 • 3.09 4.$8 3,09 4.59 0.044 95.41 33.09 3.G?
375.00 4.95 244.51 " 3.20 4.74 3.20 4.74 0.044 100.77 33.95 3.72
400.00 S.16 2•4.68 " 3.31 4.89 3.31 4.89 0.0•4 106.26 34.82 3.?1;

425.00 S.32 244.84 " 3.42 S.03 3.42 S.03 0.044 111.$5 35.$4 3.81
450.00 5.48 245.00 • 3.52 5.17 3.52 S.17 0.044 116.96 36.45 3.85
475.00 5.¢3 245.15 • 3.62 S.30 3.52 S.30 0.044 122.14 37.22 3.89
500.00 S.78 245.30 • 3.72 S.43 3.'72 S.43 0.044 127.42 37.98 3.92

525.00 . S.52 245.44 t 3.82 S.SI; 3.82 S.$6 0.044 3.32.45 38.70 3.96
$50.00 I;.OI; 245.$8 " 3.51 S.68 3.91 5.t;8 0.0•4 3.37.57 39.41 4.00
$75.00 I;.19 245.71 , •.00 S.I0 4.00 S.JO 0.044 142.41 40.07 4.04
600.00 6.33 245.85 * 4.09 5.91 4.09 S.51 0.045 147.71 40.79 •.06

• ,,•*R.EA(_ !10. 2: T.ADIG'I_,, 214.37 IT AVG.GIAOE,, 0.36t •••- _ )
b"TATZ_ 1353.$8: INVERT,, 240.29 IT ECru1.30 Q-P_TZO,,1.0S

CROSS 8_*CZ'ZOE DATA:

DZb_/_ 15 N]G_OIU_ I_XCX( ZNVi;_; N-_kC ZS _ _

;_1_ (I:'1') b'TAGE (FZ') N- m'AC'L'OR • P.ZG_" (FI') S'L'AG_ (Z"L') ]_- t_C'L'OXt
0.00 0.00 0.0•0 * 0.00 0.00 0.040
4.00 0.00 0.040 • •.50 0.00 0.040

29.00 12.08 0.040 • 28.24 9.29 0.040
37.74 12.08 0. 050 * 39.95 9.29 0. 050

69.66 12 • 33 0.0S0 * I;9.95 12.81 0 • 0S0
92.31; _ 12.33 O.OSO • 101.9_; 1S.SI; 0.050

Q(C3'$) Y'J.(/'JL') WS ]D.&'V. " YC-Z:N YN-Z:N YC-OT YN-OT ]f-Y'J. A-YZ I_-Y'4. V-I_J.
• t tilt• tit•tiff•tit• ttt ttt t ttttttt ttttttttttttt tttttt tttttttttttt it•tilt•tit ttt

12,20 0.78 241.07 * 0,27 0.49 0.42 0.74 0.040 8.04 12.43 1.52
24.39 1.24 241.53 • 0.42 0.73 0.56 1.10 0.040 14.10 14.75 1.73
36,$9 1.1;2 241.91 " 0.$4 0.92 0.84 1.38 0.040 15.84 ll;.67 1.84
48.70 . 1.96 242,25 • 0.65 1.08 1.00 1.(;1 0.040 25.$4 10.30 1.91

60.98 2.26 242.$5 * 0.74 1.23 1.15 1.82 0.040 31.02 19,90 1.97
73,17 2.53 242.82 , 0.83 1.35 1.28 2.00 0.040 36.31 21.26 2.02
85.37 2.78 243.07 t 0.91 1.47 1.40 2.17 0.040 41.S0 22.52 2.06

9.7.$6 3.02 243.31 t 0.99 1.$8 1.52 2.32 0.040 4i;.76 23.73 2.09
109.76- 3.25 243 .$4 * 1.06 1.69 1.62 2.47 0.040 $2.05 24.85 2.11
121.95 3.46 243,75 t 1.13 1.79 1.73 2.61 0.040 $7.09 25.95 2.14
134.15 3.l;S 243.94 " 1.20 1.88 1.82 2.74 0.04C I;1.83 26.91 2.1"7

146.34 3.85 244,14 * 1.26 1.9"7 1.91 2.86 0.040 67.00 27.91 2.18
158.$4 4.03 244.32 t 1.32 2.05 2.00 2.58 0.040 71.81 28.82 2.21
1"70.73 4.20 244.49 t 1.38 2.13 2.05 3.09 0.040 ;71;. 49 29.68 2.23
182.93 4.37 244,56 • 1.44 2.21 2.17 3.20 0.040 81.31 30.54 2.25
195.12 4.53 244.82 * 1.49 2.25 2.25 3.30 0.040 85.96 31.34 2.2"7
207.32 4.59 244.98 t 1.55 2.36 2.33 3.40 0.040 g0 ..73 32.15 2.28

219.51 4.85 245.14 * 1.60 2.43 2.40 3.50 0.040 95. I;2 32.55 2.30
231.71 5.00 245.29 * 1.65 2.50 2.47 3.59 0.040 100,31 33.71 2.31
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243.90 S.14 245.43 i, 1.70 2.$7 2.55 3.69 Q.040 104.79 34.42 2.33
2SG.10 S.28 245.$7 • 1.75 2.4;3 2.4;1 3.77 0.040 109.35 35.13 2.34
2(;8.29 S.42 245.71 * 1.80 2.4;9 2.G8 3.86 0.040 114.00 35.83 2.35

280.49 S.$5 245.84 * 1.84 2.76 2.75 3.95 0.040 118.41 36.49 2.37

292.4;8 S.69 245.98 * 1.89 2.82 2.81 4.03 0.040 123.24 37.19 2.37

:"*'REAC_ NO. _3: L]mGTH, 145.79 FT A%_.GRADE_ 0.34;t t,,,

_ON ?.247.79: Z]I_]_- 240.82 !"1' r.c_l.20 Q-RA_'ZO,,,O.00

CROSS - SEC'TZK_T DATA:

D_;ST/STAGE _S MEASURED FROM INYERT; N*FAC ZS MEASURED BETWEEN STAGES

LIL, T (IT) STAGE (IT) IS-FACTOR • ]L_GET (FT) STAGE (FT) IS-_
0.00 0.00 0.040 * 0.00 0.00 0.040
3.00 0.00 0.040 • 4.50 0.00 0.040
3.60 1.03 0.040 • 7.84 1.30 0.040

27.4;6 11.70 0.050 * 33.0O 11.73 0. 050

4;6.07 12.44 0.0S0 * 98.72 12 • 25 0 • 050

9(CFS) YI(FT) WS ELEV. * YC-ZN _N-ZN %'C-OT YN-OT IS-Y1 A-Y1 •P-Y1 V-Y1
tilt'tit•tittle• •eli•tit emit it tit it tit• t ttttttt tit•tit ettttttttttttttttttttttt t•

12.20 0.82 241.64 * 0.4(; 0.81 0.44; 0.82 0.040 7.21 10.71 1.4;9

24.39 1.23 242.05 • 0.72 1.23 0.72 1.23 0.040 11.4;4 12.57 2.09
36.59 1.$7 242.39 " 0.53 1.$6 0,93 1.$7 0.041 15.90 14.31 2.30
48.78 1.85 242.67 • 1.11 1.85 1.11 1.85 0.042 19.80 15.73 2.46
60.95 2.10 242.92 * 1.28 2.09 1.28 2.10 0.043 22.60 1G.9g 2.$8

73.17 2.32 243.14 • 1.43 2.31 1.43 2.32 0.043 27.18 18.11 2.4;9
08.37 2.54 243.36 * 1.$6 2.51 1.56 2.52 0.044 30.99 19.22 2.75

97.$6 2.76 243.58 • 1..(;9 2.89 1.4;9 2.70 0.044 35.02 20.34 2.79
109.7(; 2.97 243.79 • 1.81 2.86 1.81 2.87 0.044 39.08 21.40 2.81
121.95 3.17 243.99 t 1.92 3.02 1.92 3.03 0.045 43.14 22.41 2.83
134.15 3.35 244.17 * 2.03 3.17 2.03 3.18 0.045 4(;.95 23.33 2.8(;
146.34 3.54 244.36 • 2.13 3.31 2.13 3.32 0.045 S1.13 24.29 2.8(;
158 .$4 3.71 244.53 * 2.22 3.44 2.22 3.46 0.045 55.02 25.15 2.88

170.73 3.87 244.4;9 • 2.32 3.$7 2.32 3.S8 0.045 S8.80 25.98; 2.90
182.93 4.03 244.85 * 2.40 3.70 2.40 3.71 0.04(; 62.70 2(;.77 2.92
195.12 4.19 245.01 * 2.49 3.82 2.49 3.83 0.046 66.72 27.$0 2.92
207.32 4.34 245.18; • 2.$7 3.93 2.57 3.94 0.046 70.60 25.34 2.94
219.51 4.49 245.31 • 2.65 4.04 2.(;S 4.05 0.046 74.$8 29.10 2.94

231.71 4.(;4 245.4(; • 2.73 4.15 2.73 4.18; 0.046 78.67 29.86 2.95
243.90 . 4.77 245.59 * 2.00 4.25 2.80 4.26 0.046 82.29 30.52 2.96
258;. 10 4.91 245.73 * 2.88 4.35 2.88 4.36 0.046 86.29 31.23 2.97

268.29 5.05 245.8? • 2.95 4.45 2.95 4.46 0.046 90.37 31.94 2.97
250.49 5.17 245.99 • 3.02 4.$4 3.02 4.56 0.046 93.55 32.55 2.99
292.(;8 5.31 246.13 * 3.09 4.64 3.09 4.65 0.046 98.20 33.26 2.98

• **tREACH NO. 4: LENGTH- 239.0(; FT AVG.GRADE- 0.37% **;"

STATION 1008.73: ZNVE_E,, 241.70 1_' ECtl.3O _-RATZO,_O.OO

CROSS-SECTION _ATA:

DZST/STAGE ZS _ FP.OM ZNYEL'T; N-FKC "rs t4EASUR.ED BETWEE_ STAGES

LEFT (FT) STAGE (F'L') IS-FACTOR • 2._GR'l" (FT) . STAGE (FT) N *FACTOR

0.00 0.00 0.040 • 0.00 0.00 0.040
3.00 0.00 0.040 * 3.50 0.00 0.040

12.28 S.$2 " 0.050 * 28.32 12.41 0.0S0

20.88 5.98 0.050 • I;5.31 13.98 0.0S0
120.43 11.22 0.050 * 159.83 14.06 0.0S0

Q(¢FS) YI(FT) WS ELEV. * %'C-IN %'N-ZN YC-OT YN-OT N-Y1 A-Y1 WP-YI V-Y1
t*ttttg_ttttgt•tttmWtOttttetttttt•t*tgt•t_•e•WtttttgtWtttt ••t.ttt••oet Ot tteWtg•

12.20 0.91 242.61 • 0.50 0.00 0.S0 0.91 0.044 7.44 10.31 l.&4

24.38 1.36 243.06 * 0.77 0.00 0.77 1.36 0.045 12.24 12.20 1.99
3(;.59 1.70 243.40 " 0.99 0.00 0.99 1.70 0.045 16.37 13.(;3 2.24
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P •

48.78 1.98 243.69 * 1.18 0.00 1.18 1.99 0.046 20.22 14.84 2.41
80.98 2.2• 243.94 _ 1.34 0.00 1.34 2.2• 0.046 23.80 15.89 2.5i;
73.17 2.47 244.17 " 1.49 0.00 1.49 2.47 0.048 27.28 ld;.8S 2.1;8
83.37 2.1;8 34•.38 * 1.63 0.00 1.1;3 2.1;8 0.041; 30.1;4 17.73 2.79
97.56 2.87 24•.57 * 1.76 0.00 1.71; 2.87 0.047 33.82 18.53 2.89

109.78 3.05 244.73 • 1.88 0.00 1.88 3.03 0.047 31; .95 19.29 2.97

121.95 3.22 2••.92 * 2.00 0.00 2.00 3.22 0.04? 40.01 20.00 3.05
134.15 3.38 24S.08 * 2.11 0.00 2.11 3.38 0.04"/ 43.00 20.1;? 3.12
141;.34 3.$3 343.23 * 2.21 0.00 2.21 3.$3 0.0•7 45.88 21.30 3.19
158.S• 3.68 243.38 * 2.31 0.00 2.31 3.1;8 0.047 48.8S 21.93 .3.25
170.73 3.81 343.$1 * 2.41 0.00 2.41 3,81 0.047 $1.48 22.•7 3.32

182.93 3.9S 243.65 • 2.S0 0.00 2.50 3.93 0.047 $4.39 23.01; 3.31;
195.12 4.07 24S.77 * 2.59 0.00 2.59 4.07 0.047 5(.94 23.51; 3.43
207.32 •.20 24S.90 • 2.1;8 0.00 2.68 4.20 0.04? 59.77 24.11 3.47
219.51 4.31 246.01 * 2.7( • 0.00 2.76 4.31 0.047 4"2.21 34.$7 3.53

231.71 4.43 246.13 • 2.84 " 0.00 2.8• 4.43 0.048 1;4.93 25.07 3.57
243.90 4.$4 241;.24 • 2.82 0.00 2.92 4.54 0.043 1;7.43 23.53 3.1;2

236.10 •.1;5 248.35 • 3.00 0.00 3.00 4.1;$ 0.048 70.02 25,99 3.68
21;8.28 4.77 241;.47 * 3.0? 0.00 3.0? 4.78 0.048 "/2.88 26.50 3.1;8
280.49 4.88 241;.S8 * 3.13 0.00 3.1S 4.81; 0.0•8 7S.SS 31;.91; 3.?1
292.68 S.00 24£.70 * 3.22 0.00 3.22 4.9£ 0.048 78.$1 27.46 3.73

S-re results _,o RW/TW fJ.'l.a:_:wl&.r.w

Save :er._.s t:o Rm_I:L:_ fLle:test.RS1

File Openec_ £o]: ReadtJ_cJ::wla.tv

HW/TW Data File:twla.tv
Sr.age (f_,) Dis,'_-,-ge (cfs)

0.0 0,00

0.9 12.20
1.4 2•.39
1.7 38 .$9

2.0 •8.78
,098

2.5 73.17 w
2.7 83.37
2.9 97.56

3.0 109.76
3.2 121,93
3.4 134.15

3 .S 141; ,34
3.7 138.54
3.8 170.73
4.0 182.93
• .1 193.12
• .2 207.32

• • 3 219.51
4.4 231.71
• .S 243.90
4. ? 256.10
4.8 268.29

• .9 280.49
5.0 292.68

Zero Stage Eleva_ic_:241.7 feet

BACKN_TER PROGRAM FOR ROUND/ARCH CULVERTS

Tailwater from I_T/YW File:twl&.nw

Di,e_=_cJe Range:lO. to 200. 3Uep of 10. [cf,]
Cnrerflow Elevati_:2S0.0S feet

Broa_ C_est_ weir: _:iI0. feet, Height:0.2 feet
Channel Width:34. feet

C'OLV NO. 1: 142 LF - ?2"CMP • 0.234 OUTLET: 241.70 INLET: 2•2.05 INTYP: 1

TW DATA ADJUSTED BASED ON CROSS-SECTIONAL AREA

Q-TOT (CYS) TH (FT) '1"_*_,.EV (PI") Q-AD,.I" (CFS) _ (SQ-I_')
tt•••••t•tWtWt•••twtt•ttt•t•tW•••ttet•••tt•tt•Wgtt•t•tWt•t•ttt•tt•••
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0.00 0.00 241.70 0.00 0.00
12.20 0.51 242.51 12.20 2.70
24.39 1.36 243.05 24.39 4.81

36.59 1.70 243.40 35.59 6.59
48.78 1.99 243.69 48.78 8.19
60.98 2.24 243.94 60.98 9.63
73.17 2.47 244.17 73.17 10.97
85.37 2.68 244.38 85.37 12.22
97.56 2.87 244.57 97.55 3,3.35

109.76 3.05 244.75 109.76 14.44

121.95 3.22 244.52 121.95 15.45
134.15 3.38 245.08 134.15 15.41
145.34 3.53 245.23 145.34 17.30
158.$4 3.68 245.38 158.$4 18.18
170.73 3.81 245.$1 170.73 18.94

182.93 3.95 245.85 182.93 19.74
195.12 4.07 245.77 195.12 20.42

207.32 4.20 245.90 207.32 21.14
219.51 4.31 246.01 219.51 21.74
231.71 4.43 245.13 231.71 22.38

243.90 4.54 245.24 243.90 22.95
256.10 4.55 245.35 258.10 23.51
268.29 4.77 248.47 268.29 24.10
280.49 4.88 246.58 280.49 24.63
292.68 5.00 248.70 292.58 25.18

Q(L"?S) RW(FT) ]ffl,l_. • N-FAC IX: DN TW DO DE 1_O HWZ
t_eeoteeteeteaeeemttmmtttwttttttmttttmtt_tgtttttttgttttto_ttgett_ttt99tettm_gtt

10.00 1.39 243.44 t 0.024 0.33 1.21 0.75 0.83 1.21 1.39 1.11
20.00 1.98 244.03 * 0.024 1.18 1.71 1.20 1.20 1.72 1.98 1.51
30.00 2.45 244.50 t 0.024 1.45 2.11 1.52 1.52 2.11 2.45 2.00
40.00 2.85 244.90 * 0.024 1.58 2.45 1.78 1.78 2.46 2.85 2.35
50.00 3.20 245.25 * 0.024 1.88 2.79 2.02 2.02 2.73 3.20 2.67

60.00 3.51 345.56 t 0.024 2.07 3.10 2.22 2.22 2.97 3.51 2.97
70.00 3.50 245.85 : 0.024 2.24 3.41 2.41 2.41 3.19 3_80 3.26
80.00 4.09 246.14 t 0.024 2.40 3.71 2.$9 2.58 3.41 4.09 3.$3

90.00 4.36 246.41 t 0.024 2.$5 4.03 2.75 2.75 3.61 4.36 3.80
100.00 4.63 246.68 : 0.024 2.70 4.37 2.91 2.91 3.82 4.63 4.06
110.00 4.89 246.94 * 0.024 2.83 4.75 3.05 3.05 4.01 4.89 4.32
120.00 5.14 247.19 : 0.024 2.97 5.28 3.19 3.19 4.20 5.14 4.57

130.00 5.40 247.45 * 0.024 3.09 6.00 3.33 3.33 4.39 5.40 4.82
140.00 5.65 247.70 : 0.024 3.21 6.00 3.45 3.45 4.58 S.65 S.06
150.00 5.90 247.95 * 0.024 3.33 5.00 3.$8 3.58 4.76 S.90 S.31
160.00 .6"15 248.20 * 0.024 3.45 6.00 3.70 3.70 4.94 6.15 5.55

170.00 6.41 248.46 : 0.024 3.$6 6.00 3.80 3.80 S.13 6.41 5.80
180.00 6.66 248.71 t 0.024 3.67 6.00 3.92 3.92 5.31 6.66 6.04
150.00 6.93 248.98 * 0.024 3.77 6.00 4.02 4.02 5.49 6.93 6.28

200.00 7.21 249.26 * 0.024 3.87 6.00 4.12 4.12 5.58 7.21 6.52

TOTAL "HW_ VS. sQ, DATA PP.Lq'T-OUT

Q (CTS) ]re(F?) Ira- ]D.,_ (r:)
tt:tttttttttttttetttttttttettet:tt::tmt:ttt:::ttet:t:tttt:t::ttt:ttttttt

10.00 1.39 243.44

20.00 1.98 244.03
30.00 2.44 244.49
40.00 2.85 244.90
SO.O0 3.20 245.25
60.00 3.51 245.56

70.00 3.80 245.85
80.00 4.09 246.14
90.00 4.36 246.41

: 100.00 4.63 246.68
110.00 4.89 246.94

120.00 5.14 247.19
130.00 5.40 247.45
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,.r-..,

i
140.00 S.65 247.70
1S0.00 S.90 247.95

1(;0.00 6.15 248.20
1"70.00 6.41 248 o4(;
180. O0 E. 66 248.71
190.00 6.g3 248.98
200.00 7.21 248.26

S_ve :_e111_;I EO BW/TW __ile:t:w2&._v

File Opened for P.eading:n_.cha
File Opened £or Reading: tw2a. _v

EW/TW Data File: _w2a. _w

.Stage (fl=) Dilr.harc:Je ( r._l )
• 0.0 0.00

1.4 10.00 '
2.0 20.00

2.4 30.00
2.8 40.00 " "
3.2 SO.O0
3.5 t;0.00

3.8 70.00
4.1 80.00
4.4 90.00
4.G 100.00

4.9 ii0.00

5.1 120.00
S.4 130.00
S. 7 140.00
5.9 1SO.O0
5.2 160.00

6.4 170. O0

4;. ";' 180.00 ; ,.
6.9 1.90.00
7.2 200.00 l _"

Zero Stage F.leva.tio=.:242.0S 'Feet

Ja,_.C]_'z'_ COh_.,v_-,,_,_PROGRAM FOR OPEN C_

r_''m'l Data Filaname:nm_-_o.cha

Ta/.lwR_e_ fzx:m RM/TW File:_v2a._w

Discharge Range:f0. =o 200. _cep of I0. [cfs]

STATION 866.73: INVERT-, 242.05 FT EC,,I.30 Q-RATZO-_0.00

CROSS-SECTI.ON DATA:

DZST/STAGE ZS MEASURED FROM INVERT; N-FAC ZS _ BETWEEN

LEFT (FT) STAGE {FT| N-FACTOR " RZG;ZT (1_') S"_,GE (1_") N-FACTOR

0.00 0.00 0.040 t 0.00 0.00 0.040

2. S0 0.00 0.040 * 4.00 0.00 0.040
1S. O0 t; .25 0. 040 * 18.25 7.10 0. 040
30.81 10.25 0.030 * SO._;2 8.58 0.030

Q(CFS) Y"J.(I_') w$ ELEY. * YC-_ TN-IN O*'_ TW-RT W-YZ A-TI WP-YZ V-YZ
tttettetettttetetttee�tttttetwtwtttttttttttQtt_ttlttwtttwttlteo_e_tttet_

10.00 1.39 243.44 " 0.44 0.89 10.00 1.39 0.040 12.91 12.73 0.77
20.00 1.88 244.03 * 0.88 1.30 20.00 1.98 0,040 20.'72 15.37 0.97

30.00 2.44 244.49 " 0.87 1.62 30.00 2.44 0.040 27.79 17.43 1.08
40.00 2.85 244.90 * 1.04 1.89 40.00 2.85 0.040 34.80 1_).26 1.15
S0.00 3.20 245.25 * 1.18 2.12 S0.00 3.20 0.04C: 41.32 20.83 1.21
(;0.00 3.S1 245.$6 t 1.32 2.33 60.00 3.51 0.040 47.S0 22.22 1.20

70.00 3.80 245.85 " 1.44 2.52 70.00 3.80 0.040 $3.1;3 23.$2 1.31
80.00 4.09 246.14 * 1.SS 2.69 80.00 4.09 0.040 60.10 24.82 1.33
90.00 4.3(; 246.41 t 1.66 2.B5 90.00 4.36 0.040 66.43 26.03 1.35

100.00 4.63 246.68 * 1.?(; 3.01100.00 4.63 0.040 73.04 27.24 1.37
II0.00 4.89 246.94 • 1.8( " 3.15110.00 4.89 0.040 79.89 28.40 1.30

120.00 5.14 247.19 t 1.98 3.29130.00 5.14 0.040 80.34 29.52 1.39
130.00 5.40 247.45 t 2.04 3.42130.00 5.40 0.040 93.$2 30.68 1.39
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140.00 S.GS 247.70 * 2.13 3.S5140.00 S.65 0.040 100.t;8 31.80 1.39
150.00 S.90 247.95 • 2.21 3.67150.00 S.90 0.040 108.09 32.92 1.39
160.00 G.1S 248.20 * 2.25 3.78160.00 4.15 0.040 115.75 34.04 1.38

170.00 6.41 248.46 * 2.3"/ 3.891.70.00 6.41 0.040 124.01 35.49 1.3"/
180.00 4.80 248.71 • 2.44 4.00180.00 I;.S6 0.040 132.32 37.05 1.36
190.00 6.93 248.98 • 2.S1 4.10190.00 6.03 0.035 141..70 38..74 1.34
200.00 7.21 245.26 • 2.58 4.21200.00 .7.21 0.039 151.P4 41.62 1.32

QettRY2_ HO. 1: LENGTH- 113.42 FT AYG.GRADE- 0.224 •*''

STAT2(:N .753.31: ZNVERT- 242.30 FT EC-1.30 Q-RATIO-0.00

CROSS-SECTION DATA:

DZSTISTAGE IS KEASURED FROM Im, i.A_; _*FAC Is MEASOP._ BE'n;E_, S'_,GES

0.00 0.00 0.040 * 0.00 0.00 0.040
2.50 0.00 0.040 • 3.00 0.00 0.040
8.52 3.95 0.040 * 2.7.01 8.4.7 0.040

24.57 9.54 0.030 • 60.00 8.50 0.030

Q(CFS) 1'1|1"1") WS ELEY. * YC-IN YN-ZN YC-0T YN-OT N-Y1 A-Y1 WP-Y1 V-Y1
•gttgtttttttttttteettttetttQe•tteeeteoettwettetttetwttt_tettttQtt*tt_wtwtg••tw•

10.00 1.21 243.51 * 0.48 0.86 0.48 0.95 0.040 9.85 11.34 1.02
20.00 1.80 244.10 • 0..74 1.39 0.74 1.39 0.040 16.96 14.19 1.18
30.00 2.25 244.55 • 0.94 1..71 0.94 1..71 0.040 22.41 16.36 1.28
40.00 2.66 244.96 * 1.11 1.98 1.11 1.98 0.040 30.05 18.34 1.33
50.00 3.01 245.31 • 1.26 2.22 1.24 2.22 0.040 34.30 20.03 1.38

60.00 3.31 245.61 * 1.40 2.43 1.40 2.42 0.040 42.08 21.48 1.43
.70.00 3.60 245.90 * 1.$2 2.1;2 1.S2 2.61 0.040 48.04 22.88 1.46

• 80.00 3.89 244.19 * 1.44 2.'79 1.64 2.79 0.040 54.3? 24.28 1.47
90.00 4.16 246.46 * 1.75 2.95 1.'75 2.95 0.040 60.63 25.84 1.48

100.00 4.43 244 ..73 * 1.85 3.11 1.85 2.10 0.039 67.30 27.51 1.48

110.00 4.68 246.98 * 1.95 3.25 1.P5 3.25 0.039 73.85 2g.04 1.49
120.00 4.53 24.7.23 * 2.05 3.39 2.05 3.38 0.035 80.'7.7 20.5"7 1.49
130.00 5.19 24"7.49 * 2.14 3.$2 2.14 3.51 0.039 88.34 32.16 1.47
140.00 5.44 24.7..74 * 2.22 :3.64 2.22 3.64 0.039 95.99 33.68 1.44
150.00 5.69 24.7.99 • 2.30 3..74 2.30 3..76 0.039 104.00 35.21 1.44
140.00 5.93 248.23 • 2.38 3.8"7 2.38 3.87 0.038 112.04 36.£8 1.43

1.70.00 6.19 248.49 • 2.41; 2.98 2.46 3.98 0.038 121.11 38.2"7 1.40
180.00 4;.44 248.?4 * 2.54 4.0g 2.54 4.09 0.038 130.21 39.80 1.38

190.00 4..71 248.01 * 2.61 4.19 2.61 4.19 0.038 140.44 41.45 1.35
200.00 4.98 249.29 • 2.68 4.29 2.68 4.29 0.038 151.49 43.14 1.32

****REAC3I NO. 2: LID/GTH- 263.93 FT &_G.GRADE- 0.228 *•*•

STATION 489.38 : INVERT- 242.88 FT E¢-1.30 Q-RATIO.0.00

CROSS-SECTION DATA:

DIST/S'TAGE ZS _ FROM INVERT; N*FAC I$ MEASURED BETWEEN S_AGES

LEFT (FT) STAGE (FT) N-FACTOR * P.ZGHT (FT) STAGE (FT) N- FACTOR
0.00 0.00 0.040 * 0.00 0.00 0.040

1.50 0.00 0.040 • 5.00 0.00 0.040
7.95 5.18 0.040 • 14.87 4.83 0.040

24.87 ?.15 0.030 * 43.35 5.38 0.030

Q(CFS) YI(FT) NS ELEV. * YC-IN YN-IN YC-GT YN-OT N-Y1 A-Y1 WF-Y1 Y-Y1

10.00 0.5.7 243.85 * 0.45 0.91 0.45 0.90 0.040 ?.85 10.24 1.2"7
20.00 1.S0 244.38 • 0.69 1.34 0.69 1.33 0.040 13.45 13.31 1.49

30.00 1.52 244.80 * 0.88 1.67 0.88 1.67 0.040 18.54 13.93 1.02

40.00 2.30 245.18 * 1.0S 1.95 1.05 1.95 0.040 23.45 15.41 1.89
S0.00 2.64 245.$2 • 1.21 2.20 1.21 2.20 0.040 28.42 16..72 1.'75

60.00 2.93 245.81 " 1.35 3.42 1.35 2.42 0.040 33.16 1.7.85 1.81
"?0.00 3.20 246.08 • 1.47 2.63 1.47 2.62 0.040 37.64 18.89 1.86
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80.00 3.•8 246.3G • 1.$9 2.81 1.59 2.81 0.040 42.$3 19.97 1.88

90.00 3.74 246.62 • 1.71 2.99 1.71 2.98 0.040 47.31 20.98 1.90
100.00 •.00 246.88 • 1.82 3.15 1.81 3.15 0.040 S2.31 21.99 1.91
110.00 4.24 247.12 • 1.92 3.31 1.92 3.30 0.040 57.12 22.92 1.93
120.00 •.•8 247.3G * 2.01 3.4ti 2.01 3.45 0.040 52.12 23.85 1.93
130.00 •.73 247.61 • 2.11 3.60 2.11 3.S9 0.040 67.53 24.8:. 1.92
140.00 •.99 247.87 * 2.20 _3.73 2.20 3.72 0.038 74.02 33.75 1.89

1S0.00 5.25 248.13 t 2.28 3.86 2.28 3.85 0.03( 83.85 48.12 1.79
• ****v***,,***,,•• _ 12_0_ AT 160.00 ¢1r$ DZS_KARGZ "•*"•"*"**"**•**•

160.00 5.48 248.3(; * 2.:3? 3.99 2.37 3.98 0.03S 95.5"8 $4;.94 1.67
170.00 S.72 248.60 • 2.49 4.11 2.45 4.10 0.035 108.76 $9.26 1.56
180.00 5.t36 348.04 • 2.5_ 4.22 2.$3 4.21 0.03• I22.43 61.$7 1.47

190.00 G.21 24.9.09 * 2.d;,_ 4.33 2.60 4.3,2 0.034 137.20 63.98 1.38
200.00 6.•8 249.36 * 2.68 4.44 2.68 4.43 0.034 153.75 56.$9 1.30

• ***]R.EAC_ NO. 3: _,, 224.95 _1' AVG.G;P-.ADZ,, 0.224 **"•

S'I'A'L'z0_r 254.43: Z_JG_L'* 243.37 1_' . I[C91.30 Q-RATZC_0,00

C1_55 - SE¢'I'Z(:_r Z_t,'I'A:

DZST/STAG;X ZS _ _ DnrJ_T; _-FAC ZS KEASUKI_ _ S'rAGZS

(YT) S'm%L_ tiT) m-17,C_ * RZ_ (I"I') _ tiT) N-I,ACTO_
0 • 00 0.00 0 • 040 * 0.00 0 • 00 0 • 040

3.00 0.00 0.040 * •.00 0.00 0.040
14.23 5.24 0.040 * 14.98 4.08 0.040
34.23 5.31 0,030 • 49.21 S.31 0.030

Q(CFS) %'I(iT) WS EZ,_V. * %'C-_ _-ZN YC*OT _I*OT I_*TI A-_I WI_-%"I V-Y2
miser. ••t.•wettt.••t•twts• wttt••tttett ett•t•teetttt*tttt_tete•tttt *tel•*eft **t w

10.00 0.88 244.25 • 0.42 0.84 0.42 0.84 0.040 8.03 11.51 1.2S

20.00 1.35 244.72 t 0.54 1.23 0.64 1.23 0.040 13.86 14.07 1.44 _\
30.00 1.74 245.11 • 0.82 1.53 0.82 1.53 0.040 19.S0 14;.11 1.$4 .!
40.00 2.08 245.45 • 0.98 1.78 0.98 1.78 0.040 25.02 17.89 1.60 ._
S0.00 2.40 "245.77 * 1.12 2.00 1.12 2.00 0.040 30.'72 19.57 1.63
G0.00 2.68 246.05 • 1.24 2.19 1.24 2.19 0.040 3t;.12 21.03 1.1;I;

70.00 2.94 241;.31 • 1.3G 2.37 1.36 3.37 0.040 41.47 22.39 1.59
80.00 3.21 246.58 • 1.47 2.$3 1.47 2.$4 0.040 47.38 23.81 1.69
90.00 3.4t; 246.83 * 1.57 3.58 1.57 2.69 0.040 53.16 25.12 1.69

100.00 3.70 247.07 * :..SG 2.83 1.S6 3.83 0.040 $8.99 25.37 1.70
110.00 3.94 247.31 * ;..75 2.95 1.75 2.97 0.040 I;5.10 27.53 1.(;9
120.00 4.17 247.54 • 1.54 3.09 1.84 3.09 0.039 71.32 31.08 1.68
130.00 4.42 247.79 • 1.92 3.21 1.92 3.22 0.038 ?9.(;2 38.53 1.63

140.00 4.(;9 248.05 " 2.00 3.33 2.00 3.33 0.03? 90.t;8 41;.79 1.54
150.00 4.94 248.31 • 2.08 3.44 2.08 3.44 0.036 102.06 54.35 1.46
160.00 5.15 248.52 • 2.15 3.SS 2.15 3.$5 0.035 114.55 60.69 1.40

t•lttttlttl•lWt* + _ AT 170.00 CPS DZS(_IARG_ *•*****•*'•'••**"

170.00 5.37 248.74 * 2.23 3.6S 2.23 3.6+ 0.034 I30.04 05.48 1.31
180.00 5.58 248.95 * 2.30 3.75 2.30 3.7(; 0.034 147.57 85.90 1.22
190.00 5.81 249.18 * 2.3G 3.85 2.36 3.85 0.034 14t;.76 81;.36 1.14
200.00 6.06 249.43 • 2.43 3.94 2.43 3.9S 0.034 187.62 66.86 1.07

"•*•REAC_ NO. 4: ;.J_'2"H,,164.43 FT A_/G.GRADE,, 0.22% *'•*

b'I'ATZON 100.00: 11_'1D_,_ 243.73 iT EC,,1.30 Q-1G_TZO,,0".00

C1:.O8S° S][¢TZC]_T DNI'3.:

DXS'2'/_]; TS MEASU]U_ lqt¢_ 2:_Y]_'; ]_-rAC ZS _ _ STAGES

L¢I,T (IT) S'I'AGZ (IT) ]_- 1"ACTOR * P./G;1T2'(IT) S'I'A&'Z (IT) ]_* FAC'I"O_
0.00 0.00 0.040 * 0.00 0.00 0.040
3.50 0.00 0.040 * 4.00 0.00 0.040

7.00 1.16 0. 040 • 7.92 2. (;4 0. 040
22.58 1.75 0.030 * 23.81 4.72 0.030
28.90 4.53 0.030 * 25.00 4.7S 0.030
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Q(CFS) yI(FT) WS ELEY. • yC-IN YN-I:N Y'C-OT yN-OT N-1"1 A-Y1 WP-Y1 V-Y1
• t _,wg•tet et, eeeet eeett egteeoeet eeettgQ_tt_tett ee_ewe_99t_eeeweeeeoeeeeee_tteg_ee

10.00 0.84 244.57 t 0.40 0.81 0.40 0.82 0.040 7.89 11.67 1.27
20.00 1.28 245.01 • 0.82 1.21 0.62 1.23 0.038 13.41; 16.65 1.49

30.00 1.63 245.36 • 0.80 1.52 0.80 3..54 0.03S aO.79 3(;.53 1.44
40.00 1.93 245.4;4; _ O._S 3.*72 0.95 3..73 0.035 29.40 30.68 :1.. 38

50.00 2.21 245.94 • 1.09 1.84 1.09 1.86 0.035 37.91 31.88 1.32
60.00 2.48 246.21 * 1.26 1.95 1.21; 1.97 0.035 4(;.39 33.03 1.29
?0.00 2.72 246.45 • 1.41 2.06 1.41 2.0? 0.035 54.18 34.53 2.29

80.00 2.98 246.71 • 1.52 2.15 1.52 2.17 0.034 83.18 37.18 1.27
90.00 3.22 246.95 * 1.$1 2.24 1.81 2.26 0.034 72.08 39.(;2 1.25

100.00 3.46 247.19 • 1.69 2.33 1.69 2.35 0.034 81.55 42.07 1.23

110.00 3.59 247.42 • 1.76 2.41 1.76 2.44 0.034 91.16 44.41 1.21
120.00 3.92 247.65 • 1.81 2.S0 1.81 2.52 0.034 101.30 46.74 1.18
130.00 4.16 24?.89 " 1.8( 2.57 1.86 2.80 0.033 112.43 49.20 1.16

140.00 . 4.42 248.15 • 1.91 2.85 1.91 2.68 0.033 125.14 $1.85 1.12
• *,*•-,,--,•---* _ ]D;CO_._¢D AT 150.00 CFS ]DZSCXARGE •****•''*'*'**''*

150.00 4.66 248.39 • 1.96 2.73 1.96 2.75 0.033 137.45 $4.10 1.09
1(;0.00 4.86 248.59 " 2.00 2.80 2.00 2.83 0.033 148.13 5G.0G 1.08
170.00 S.08 248.81 * 2.05 2.8? 2.05 2.90 0.033 159.99 56.S0 1.06
180.00 S.27 249.00 • 2.09 2.94 2.09 2.9? 0.033 170.23 5&.88 1.06

190.00 S.49 249.22 * 2.14 3.01 2.14 3.04 0.033 182.08 57.32 1.04
200.00 S.73 249.46 • 2.18 3.08 2.18 3.11 0.033 195.02 $7.80 1.03

• **o_ NO. S: LENGTH- 74.00 FT AVG.GRADI;- 0.234 *•*•

STATZON 26.00: INVERT,, 243.90 FT EC,,1.30 Q-RATIO-0.00

¢::ROSS-SECTZON DATA:

DZST/STAGE ZS MEASUlUm FROM INVln_; S-FAC ZS MEASUP.ZD BETWEE_ STAGES

LEFT(FL') STJ_E(FT) N-FACTOR • RIG];T(FT) STAGE(F?) N-FACTO•
0.00 0.00 0.040 • 0.00 0.00 0.040
3.50 0.00 0.040 • 4.00 0.00 0.040
4.50 1.11; 0.040 • 7.92 2.54 0.040

22.58 1. ?S 0. 030 • 23.81 4.72 0. 030
28.90 4.53 0.030 • 25.00 4.?S 0.030

Q(CFS) YI(FI') WS ELEV. * "ZC-IN YN-IN YC-OT YN-OT N-T1 A-T1 WP-YI V-Y1
11_t t e1if/rI_•/r 1P•••1) iwe t 1Pellrsriwewt ••t •t ••e•o••t_o••f_••ogt•w•t •wg•••t••gt •eg• •9•t •t e•tt 9

i0.00 0.84 244.?4 • 0.41 0.00 0.41 0.84 0.040 7.13 10.ii 1.40

20.00 1.34 245.24 • 0.64 0.00 0.64 1.34 0.037 12.64 16.95 1.58
30.00 1.(;3 245.53 • 0.83 0.00 0.83 1.63 0.035 18.63 26.36 1.G1
40.00 1.86 245 .?I; • 1.00 0.00 1.00 1.80 0.034 25.13 30.?2 1.59
SO.O0 2.11 246.01 • 1.15 0.00 1.15 1.91 0.034 32.ES 31.79 1.53
60.00 2.36 246.26 • 1.42 0.00 1.42 2.02 0.034 40.40 32.88 1.49

?0.00 2.59 246.49 " 1.$4 0.00 1.$4 2.12 0.034 47.74 33.84 1.47
80.00 2.84 241;. 74 * 1.84 0.00 1.64 2.22 0.034 51;.06 36.10 1.43
90.00 3.08 24(;. 98 • 1.72 0.00 1.?2 2.31 0.034 64.63 38.$4 1.39

100.00 2.32 24?.22 • 1.79 0.00 1.79 2..39 0.034 ?3.7? 40.J9 1.36

110.00 3.54 24?.44 • 1.84 0.00 1.84 2.48 0.033 82.65 43.23 1.33
120.00 3.?? 247.67 * 1.89 0.00 1.89 2.S6 0.033 92.44 4S.57 1.30
130.00 4.01 247.91 • 1.94 0.00 1.94 2.(;3 0.033 103.22 48.02 1.2(;
140.00 4.2? 248.17 • 1.99 0.00 1.99 2.71 0.033 115.54 SO.I;6 1.21
150.00 4.50 248.40 • 2.03 0.00 2.03 2.79 0.033 127.00 53.01 1.18

""**"*"•*•**'**" OVERFLOW E_'OOk_-_ED AT 160.00 CTS DISCHAXGE •''***"'""****'•*
160.00 4.?0 248.60 * 2.08 0.00 2.08 2.il; 0.033 137.36 54.79 1.11;
170.00 4.92 248.82 • 2.12 0.00 2.12 2.93 0.033 149.17 $6.53 1.14
180.00 5.11 249.01 * 2.17 0.00 2.17 3.00 0.033 159.41 S&.91 1.13
190.00 S.33 249.23 • 2.21 0.00 2.21 3.07 0.033 171.27 57.35 1.11
200.00 S.57 245.47 • 2.25 0.00 2.25 3.13 0.033 184.21 57.53 1.09

Save :•sulks 1=o RW/TW file :_w3a. _w

Save rem_its no Routing file:tw3a.RSl

File Opened for RIa_Lng:_w3a.Uv

HW/TW Data File :_w3a. Ew
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New_est

t,--
t

8c;ac:je ('_t:) D£s,"h=,"cje (c_a)
0.D 0.00
0.8 10.00
q-.3 20.00
1.6 30.00
1.9 40.0O

2.1 S0o00
2.4 60.00
2.6 70.00
2.0 80.00

3.1 90.00
3.3 100.00

3.S 110.00
3.8 3.20.00
4.0 130.00
4.3 140.00
•. S ZS0.00
• .7 160.00

•. 9 1T0.00
S .1 180.00
S. 3 ZPO. 00
5.6 200.00

_4LTO SCsc3e Ele_nk_ic:_:243.9 feet;

IUU:XI_T1DL PROGRAM FOR RODN_/_ CULVEXTS
"L'a_l_t:e._ f:rom HW/21f File:cv3&.cv

Disr2ul_-'ge Ra::ge:lO. 1=o 200. Seep of S. [c:fm]
Ove_lov ]L_lrrlU:irm : 2S3. fme1:

B:oad C_es:ed Wei:: Z_j'ch:110. feet;, Heigh=:0.2 feet
c't,_=...1 w:Ldc._:7S, feet:;

L"Q_V ]gO. 1: 2G _t' ° 48aCMP • "0.38% O_'LES': 243.90 ZNZJ_: 344.00 Z]R2'_P: I i

_T_ _ JU_S_ CS C_SS-SECTZCtmL

O-:_'(CT$) TW(FT) TW-ET_'Y (1_) Q-ADJ (CrS) AR_ (SQ-I_:)
oettttgtQegttttt ttge_eoogtt_wtttt tttttttottettttttt t ttt ttt tit tteeeet

0.00 0.00 243.90 0.00 0.00
10 • 00 0 • 84 244 • `/4 10 • 00 1 • 92
20.00 !.34 245.24 20.00 3.1;9
30.00 1.63 245 .$3 30.00 4.81
40 . 00 1 . 1;1; 24S . ?G 40 . 00 S , "/2
S0.00 2.11 241; . 01 S0 . 00 E ."/2

1;0. 00 2 . 3(; 241; . 2(; (;0 . 00 "/. "/2
"70. 00 2 .$9 24(; . 49 "70. 00 8 . 1;1
80 . 00 2 . 1;4 246 . "/4 80 . 00 9 . 54
90.00 3.08 24(;.98 90.00 10.38

100.00 3.32 24"7.22 100.00 11.15
110 . 00 3 , $4 24`/, 44 110 . 00 11 . 7(;
120.00 3 .`/`/ 24`/.(;"/ 120.00 12.28

• 130.00 4.01 24"/.91 130.00 12.S?

140 . 00 4.27 248 , 1`/ 140 • 00 12 • S?
1S0.00 4 .S0 241; ,40 150.00 12 .S`/
1(;0.00 4 .`/0 248 .(;0 1(;0.00 :].2.5"7
1`/0.00 4.92 248.82 170.00 12, S?

180.00 5.11 249.01 180.00 I2.5"7
190.00 S .33 249,23 190,00 13.5"7
200.00 S. 5"7 249.4"; 200.00 12.57

Q(ClrS) IN(I_') ll_ l_ZV. * N-FAC IX:: _t; _ DO 00 _ HtrZ
t_t_em_tm_te_ttt_t_mm_eteee_etmt_e_eeeemmettmeeewmtmttmm_m_tt_t_tt_t_t_

10.00 1,49 24S,49 * 0.024 0.93 1.24 0,84 0.93 1.20 1.49 1.2"/
15.00 1.84 24S.84 t 0.024 1.14 1.$4 1.09 1.14 1.44 1.84 1.(;0
20,00 2.14 241;.14 * 0.024 1.32 1.80 1.34 1.34 1.(;5 2.14 1.68

2S,00 2.42 241;.42 * 0.024 1.48 2.05 1.49 1.49 1.1;4 2.42. 2.1S
30,00 2.(;8 246. (;8 * 0.024 1.(;3 2.29 I.(;3 1.(;3 2.02 2.(;8 2.40

3S.00 2.92 241;.92 t 0.024 1."/'; 2.$3 1.?S 1 ?? 2.18 2.92 2.(;S
40.00 3.15 24`/. 1S t 0.024 1.89 2.70 1.8(; 1.89 2,34 3.15 2.88
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Newtes_

45.00 3.37 247.37 * 0.024 2.01 3.06 1.98 2.01 2.48 3.37 3.11
SO.O0 3.59 247.$9 * 0.024 2.13 3.43 2.11 2.13 2.62 3.59 3.34
SS.00 3.80 247.80 • 0.024 2.24 4.00 2.23 2.24 2.76 3.80 3.$7

60.00 4.01 248.01 • 0.024 2.34 4.00 2.36 2.36 2.89 4.01 3.79
65.00 4.22 248.22 • 0.024 2.44 4.00 2.47 2.47 3.01 4.22 4.02
70.00 4.43 248.43 t 0.024 2.53 4.00 2.S9 2.5) 3.13 4.43 4.24
75.00 4.64 248.64 * 0.024 2.63 4.00 2.71 2.71 3.25 4.64 4.46
80.00 4.85 248.85 • 0.024 2.71 4.00 2_84 2.04 3.37 4.85 4.£9
85.00 5.07 249.0? t 0.024 2.80 4.00 2.96 "12.96 3.49 S.07 4.91
90.00 5.29 245.29 • 0.024 2.88 4.00 3.08 3.08 3.61 5.29 5.06
95.00 S.52 245.52 • 0.024 2.D6 4.00 3.20 3.20 3.73 5.52 5.34

100.00 S.77 248.77 * 0.024 3.04 4.00 3.32 3.32 3.86 5.77 S.62
10S.00 £.07 250.07 * 0.024 3.11 4.00 3.43 3.43 4.01 6.07 6.01

110_00 6.39 250.35 • 0.024 3.18 4.00 3.$4 3.54 4.11 6.37 6.39
115.00 6.78 250.78 * 0.034 3.24 4.00 3.65 3.65 4.21 6.68 6.78
120.00 7.19 251.19 * 0.024 3.30 4.00 3.77 3.77 4.32 7.01 7.19
125.00 7.62 251.62 * 0.024 3.36 4.00 3.89 3.89 4.45 7.37 7.62
130.00 8.07 252.07 * 0.024 3.42 4.00 4.01 4.01 4.64 7.80 8.07
135.00 8.53 252.$3 • 0.024 3.47 4.00 4.14 4.14 4.82 8.23 8.53

140.00 9.01 253.01 * 0.024 3.52 4.00 4.27 4.2? S.O1 8.68 9.01
.*......•.....t. OVERFLC_ ]D_C:OONTERJ_ AT 140.00 CF5 D2SCHARGE "'•''''Q''•'''°°•

145.00 9.$1 253.51 • 0.024 3.$6 4.00 4.39 4.39 S.19 9.12 9.S1

TOTAL "RW" VS.'Q'.DATA PRINT-OUT

Q(CFS) HW(FT) RW-ELEV(FT)
•ttttttetttttttetttttttttttttttttttttttttttttttttWtttttttttttttetttttttt

10.00 1.48 245.49

15.00 .1.84 245.84
20.00 2.14 246.14
25.00 2.42 246.42

30.00 2.68 246.68
35.00 2.92 246.92
40.00 3.15 247.15
45.00 3.37 347.37

50.00 3.59 247.$9
SS.00 3.80 247.80
60.00 4.01 248.01

65.00 4.22 248.22
70.00 4.43 348.43
75.00 4.64 248.64
80.00 4.85 248.85

85.00 5.07 249.07
90.00 5.29 249.29
95.00 S.$2 249.$2

i00.00 5.77 249.77
10S.00 6.07 250.07
110.00 6.39 250.39
115.00 E.78 250.7B
120.00 7.19 251.19

125.00 7.62 251.62

130.00 8.07 252.97
135.00 8.53 252.53
140.00 9.02 353.02

flit•title•tiff• OV_]_L_T D_]_ AT 140.00 CFS DZSCYJLRGE ltttttttttttttttt

..t•••...• TH]C FGLL(YlC_NG DATA INCLUDES CULVERT FLOW PLUS WEIR FLOW t..tt....••
145.00 9.09 253.09
150.00 9.12 253.12

155.00 9.15 253.15
I£0.00 9.17 253.17

165.00 9.18 253.18
170.00 9.20 253.20

l?S.00 9.21 253.21
180.00 9.22 253.22
105.00 9.23 253.23
190.00 9.24 253.24
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Newtest

19S • 00 9.2'; 253.25
200.00 9.26 2S3.26

Sawe _-elm/.r.i _.0 HW/TW £ile:t:v4a.1:v
Ibc:k=KCBW l_-cg_am

_ DEPAP:'n4_ or EK.-'t;RAL la_,otmc_;
Water _ Xdmd Resouo_e._JD£v£8:i_

: - BACIOOL%I_AI_gL%'SIS

Ve__s£_ S.30a

',.: _
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Tyee Diversion

This study investigates swcTal alternatives that will divert some of the storm water
flowing into Ty_ Pond to one of the proposed ponds behind either Berm A at Northwest
Ponds or Be_-, B at the Approach Light Road.

Given:

• 100 year flow into Ty_ Pond ffi158 cfs
,, Ma_m,.ma flow through 48oinch diversion pipe to stream = 30 cfs
• Modeled lO0-year flow for the airport drainage pipe that will be connected

to the diversion pipe is 16 cfs
• Slope ~ 1% .. '
• n = 0.012

• Spacing between Catch B_n_ = 200 feet (approximately)
• Control Structure at Tyee Pond = 120-inch (10-feet) with debris cage.

Overflow into diversion pipeline at elevation = 273.5"

Alternative I

• Northwest pond water surface elwafion range ffi244 - 253
• Pipeline Length ~ 1,420 feet
• Pipe Size = 72" (6-feet)

The analysis indicates that some of the catch basins near the pond will need to have solid
covers because the maximum predicted water surface elevation in the pond would be
sev_al fc_t higher than the rim elevation This will allow the system to work with high
head and not overflow into the golf course during these large, in.frequent events. In
addition, this would allow the catch basin rime to be set as close to the existing ground
elevation as possfble, not up higher because of the high head.

The ana}ysis also indicates that sevcx-alhundred feel of the pipeline will be above grade.
This will occur in the lower reaches near the gravel roadway. As long as the alignment of
the pipeline parallels the roadway the impact to the golf course should be minimal.
Additional refinement of the design may reduce the size of the pipeline and / or the depth.

This design also anticipates intercepting the storm drainage flow f_om the upper airport
runways. This would involve replacing the existing catch basin for the drainage syst_n
and diverting the flow into the north pond area

tye¢ divcrsion.doc I
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A.ltemativ¢ 3 _.

• B_._ B water sur/zce elevation range = 242 - 255
• Run ~ 530 feet

* Pipe Size = 48" (4.-feet)

TI_ analysis deals with a much short_ pipeline than the first. Howe'er, the impacts to
the gol_course aremuch greater. This design will require the berm to be raised over two
feet to accommodatetheexposedpipeline. In additionthepipeRneis severalfeet above
the ground for scvczal hundr_ feet near the bonn which will have a significant impact
the golf cart paths _l this area. Additiotlal re:6zle_e_ of the d_ign may reduce the size
of the pipeline mad/ or the depth.

This design also anticipates interesting the _onn drainage flow fi'om the upper airport
runways. This would involve replacing the exis_g catch basin for the drainage s'y_em
and diverting the flow into the pond area. The _ storm catch basin that the new
pipeline w_ connectto lassnot beenphysically located in the field. In addition, the
invert elevation is needed. It is mricipatcd that this information will be obtained in the
near filrure.

Some grad/rigmay be necessary at the pipe outlet to convey the flows to the stream.

tyee_diversion.doc 2
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TYEE DIVERSION PIPE - ALTERNATIVES 1 and 2
72" smooth pipe

KING COUNTY DEPAP._ OF PUBLIC WORKS
Surface Water Management Division

_T_ANALYSIS PROGRAM
Version 4.22

1 - INFO ON THIS PROGRAM
2 - BWCHAN
3 - BWPIPE

4 - BWCULV
5 - BWBOX
6 - DATA-FILE ROUTINES
7 - RETURNTO D0S

ENTER OPTION
3

BACKWATER COMPUTER PROGRAM FOR PIPES

SPECIFY TYPE OF PIPE-DATA INPUT: K - KEYBOARD
F - FILE

F

ENTER [d:][pa_h]filename[.ex_] OF PIPE-DATA FILE
A:72CPA.DAT

OUTFLOW CONDITIONS PIPE NO. 1 - TAILWATER DATA:

I) SPECIFY TYPE OF TAILWATER DATA INPUT: S - SINGLE TW-ELEV.
F - TW/HW DATA FILE

S

2) ENTER: TW-ELEV
253.00

INFLOW CONDITIONS PIPE NO. 7 - OVERFLOW DATA AND UPSTREAM VELOCITY DATA:

i) ENTER: OVERFLOW-ELEV, OVERFLOW-TYPE (NONE=0, BROAD-WEIR=I, S_KP-WEIR=2)
273.50 0

2) SPECIFY TYPE OF VELOCITYDATA INPUT: S - SINGLE VELOCITY UPSTREAM

V - VARY VELOCITY ACCORDING TO VzQ/A
S

3) ENTER: VELOCZTY(fps} UPSTREAM
.00

• Tyee Diversion, All I & 2 - page I
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ENTER: QMIN, QMAX, QINCRE, PRINT-O_TION (STANDARD=l, C0NDENSED=2, EXPANDED=3)
.00 150.00 I0.00 1

PIPE NO. i: 180 LF - 72"CP @ 1.28% OUTLET: 244.34 INLET: 246.64 INTYP: 5

JL_C NO. i: OVERFLOg,'-EL: 254.50 BEND: 90 DEG DIA/WIIM2H: 8.0 Q-RATIO: .00

Q(CFS) HW(FT) HW ELEV. " N-FAC DC DN TW "DO DE HW0 HWI

I0.00 6.37 253.01 * .012 .83 .58 8.66 8.66 6.37 6.37 1.07

20.00 6.38 253.02 * .012 1.18 .81 8.66 8.66 6.36 6.38 1.55

30.00 6.40 253.04 * .012 1.45 .98 8.66 8.66 6.37 6.40 1.93

40.00 6.43 253.07 * .012 1.68 1.13 8.66 8.66 6.37 6.43 2.26

50.00 6.47 253.11 t .012 1.88 1.26 8.66 8.66 6.38 6.47 2.56

60.00 6.52 253.16 * .012 2.07 1.38 8.66 8.66 6.39 6.52 2.85

70.00 6.58 253.22 * .012 2.24 1.49 8.66 8.66 6.40 6.58 3.11

80.00 6.64 253.28 * .012 2.40 1.60 8.'66 8.66 6.41 6.64 3.37

90.00 6.72 .253.36 * .012 2.55 1,70 8.66 8.66 6.43 6.72 3.62

100.00 6.80 253.44 t .012 2.70 1.79 8.66 8.66 6.45 6.80 3.87

110.00 6.89 253.53 " .012 2.83 1.88 8.66 8.66 6.46 6.89 4.11

120.00 6.99 253.63 " .012 2.97 1.97 8.66 8.66 6.48 6.99 4.35

130.00 7.10 253.74 . .012 3.09 2.05 8.66 8.66 6.50 7.10 4.58

140.00 7.22 253.86 * .012 3.21 2.13 8.66 8.66 6.53 7.22 4.82

150.00 7.35 253.99 " .012 3.33 2.21 8.66 8.66 6.55 7.35 5.05

PIPE NO. 2: 210 LF - 72"CP @ 1.00% OUTLET: 246.64 INLET: 248.74 INTYP: 5 ,_

JUNC NO. 2: 0VERFLOW-EL: 255.50 BEND: 90 DEG DIA/WIDTH: 8.0 Q-RATIO: .00

Q(CFS) HW(FTi HWELEV. *N-FAC DC DN TW DO DE HWO

10.00 4.29 253.03 * .012 .83 .62 6.37 6.37 4.28 4.29 1.08

20.00 4.30 253.04 * .012 1.18 .86 6.38 6.38 4.28 4.30 1,56

30.00 4.35 253.09 * .012 1.45 1.04 6.40 6.40 4.30 4.35 1.94
40.00 4.42 255.16 " .012 1.68 1.20 6.43 6.43 4.33 4.42 2.27

50.00 4._i 253.25 * .012 1.88 1.34 6.47 6.47 4.37 4.51 2.57

60.00 4.61 253.35 * .012 2.07 1.G7 6.52 6 52 4.42 4.61 2.85

70.00 4.73 253.47 * .012 2.24 1.59 6.58 6 58 4.48 4.73 3.12

80.00 4.87 253.61 " .012 2.40 1.70 6.64 6 64 4.55 4.87 3.38

90.00 5.03 253.77 * .012 2.55 1.81 6.72 6 72 4.63 5.03 3.63

i00.00 5.20 253.94 * .012 2.70 1.91 6.80 6 80 4.73 5.20 3.88

Ii0.00 5.39 254.13 " .012 2.83 2.01 6.89 6 89 4.84 5.39 4.12

120.00 5.59 254.33 * .012 2.97 2.10 6.99 6.99 4.96 5.59 4.36

130.00 5.81 254.55 * .012 3.09 2.19 7.10 7.10 5.10 5.81 4.59

140.00 6.04 254.78 " .012 3.21 2.28 7.22 7.22 5.25 6.04 4.83

150.00 6.29 255.03 * .012 3.33 2.37 7.35 7.35 5.42 6.29 5.06

PIPE NO. 3: 220 LF - 72"CP @ 1.00% OUTLET: 248.74 INLET: 250.94 INTYP: 5

JUNe NO. 3: OVERFLOW-EL_ 258.00 BEND: 0 DEG DIA/WIDTH: 8.0 Q-RATIO: .00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

10.00 2.11 253.05 " .012 .83 .62 4.29 4.29 2.08 2,11 1.08

"ryee Diversion, Nt 1 & 2 - page 2
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20.00 2.19 253.13 t .012 1.18 .86 4.30 4.30 2.07 2.19 1.55

30.00 2.34 253.28 " .012 1.45 1.04 4.35 4.35 2.05 2.34 1.92

40.00 2.54 253.48 t .012 1.68 1.20 4.42 4.42 2.08 2.54 2.23

50.00 2.80 253.74 * .012 1.88 1.34 4.51 4.51 2.08 2.80 2.51

60.00 3.12 254.06 " .012 2.07 1.47 4.61 4.61 2.08 3.12 2.76

70.00 3.00 253.94 * .012 2.24 1.59 4.73 4.73 2.24 "_*'" 3.00

80.00 3.22 254.16 _ .012 2.40 1.70 4.87 4.87 2.40 .t**t 3.22

90.00 3.43 254.37 * .012 2.55 1.81 5.03 5.03 2.55 .tgt_ 3.43

i00.00 3.62 254.56 " .012 2.70 1.91 5.20 5.20 2.70 t.ttt 3.62

II0.00 3.81 254.75 " .012 2.83 2.01 5.39 5.39 2.83 *'""" 3.81
120.00 3.99 254.93 * .012 2.97 2.10 5.59 5.59 2.97 t_._. 3.99

130.00 4.16 255.10 . .012 3.09 2.19 5.81 5.81 3.09 .t..t 4.16
140.00 4.35 255.27 t .012 3.21 2.28 6.04 6.04 3.21 *t..t 4.33

150.00 4.87 255.81 * .012 3.33 2.37 6.29 _ 6.29 3.94 4.87 4.49

PIPE NO. 4: 200 LF - 72"CP 6 1.00% OUTLET: 250.94 I/_ET: 252.94 !NTYP: 5

JUNC NO. 4: OVERFLOW-EL: 262.00 BEND: 0 DEG DIA/WI_TH: 8.0 Q-RATI0: .00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI
*tWwWWttttW*_**ttW_fttt*t_***t******tW*W*t_*_tW**t*wt*t_t_ttW_*_wwwwt.t_Ww*tt_

I0.00 1.08 254.02 * .012 .83 .62 2.11 2.11 .83 .t.tw 1.08

20.00 1.55 254.49 " .012 1.18 .86 2.19 2.19 1.18 o.t_t 1.55

30.00 1.92 254.86 " .012 1.45 1.04 2.34 2.34 1.45 .tit. I.$2

40.00 2.23 255.17 * .012 1.68 1.20 2.54 2.54 1.68 tw.t. 2.23

50.00 2.51 255.45 * .012 1.88 1.34 2.80 2.80 1.88 ..t.. 2.51

60.00 2.76 255.70 * .012 2.07 1.47 3.12 3.12 2.07 t._.. 2.76
70.00 3.00 255.94 * .012 2.24 1.59 3.00 3.00 2.24 *'*"" 3.00

80.00 3.22 256.16 * .012 2.40 1.70 3.22 3.22 2.40 ""*"* 3.22

90.00 3.43 256.37 * .012 2.55 1.813.43 3.43 2.55 **'_ 3.43

I00.00 3.62 256.56 * .012 2.70 1.91 3.62 3.62 2.70 ..... 3.62

110.00 3.81 256.75 * .012 2.83 2.01 3.81 3.81 2.83 "'""_ 3.81

120.00 3.99 256.93 * .012 2.97 2.10 3.99 3.99 2.97 _"_*_ 3.99

130.00 4.16 257.10 _ .012 3.09 2.19 4.16 4.16 3.09 .t... 4.16

140.00 4.33 257.27 * .012 3.21 2.28 4.33 4.33 3.21 ...t. 4.33

150.00 4.49 257.43 * .012 3.33 2.37 4.87 4.87 3.33 **'*" 4.49

PIPE NO. 5: 210 LF - 72"CP _ 1.00% OUTLET: 252.94 INLET: 255.04 INTYP: 5

JUNC NO. 5: OVERFLOW-EL: 263.12 BEND: 45 DEG DIAIWIDTH: 8.0 Q-RATI0: .15

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

I0.00 1.08 256.12 * .012 .83 .62 1.08 1.08 .83 **-'- 1.08

20.00 1.55 256.59 * .012 1.18 .86 1.55 1.55 1.18 *"*_- 1.55

30.00 1.93 256.97 * .012 1.45 1.04 1.92 1.92 1.45 *_* 1.93

40.00 2.25 257.29 • .012 1.68 1.20 2.23 2.23 1.68 *_ 2.25

50.00 2.54 257.58 * .012 1.88 1.34 2.51 2.51 1.88 "-*-- 2.5_

60.00 2.81 257.85 * .012 2.07 1.47 2.76 2.76 2.07 -*_*_ 2.81

70.00 3.06 258.10 " .012 2.24 1.59 3.00 3.00 2.24 _*_*- 3.06

80.00 3.29 258.33 _ .012 2.40 1.70 3.22 3.22 2.40 _ .... 3.29

90.00 3.52 258.56 * .012 2.55 1.81 3.43 3.43 2.55 * .... 3.52

I00.00 3.74 258.78 * .012 2.70 1.91 3.62 3.62 2.70 *---_ 3.74

ii0.00 3.95 258.99 " .012 2.83 2.01 3.81 3.81 2.83 * .... 3.95

120.00 4.16 259.20 _ .012 2.97 2.10 3.99 3.99 2.97 ..... 4.16

130.00 4.36 259.40 * .012 3.09 2.19 4.16 4.16 3.09 * .... 4.36

140.00 4.56 259.60 " .012 3.21 2.28 4.33 4.33 3.21 ..... 4.5_
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150".00 4.76 259.80 " .012 3.33 2.37 4.49 4.49 3.33 *tttt 4.76
f

(

PIPE NO. 6: 196 LF- 72"CP _ 1.00% OUTLET: 255.04 _ET: 257.00 I_DYP: 5

JUNC NO. 6: OVERFLOW-EL: 270.00 BEND: 0 DEG DIA/WIDTH: 8.0 Q-RATI0: .00

O(CFS) HW(FT) HW ELEV. " N-FAC DC DN TW DO DE HWO HWi
ttwt_wt_w_t*tt_wttttwww_tt_ttt_twt_ttt�ttt_ttt_tt_w_t_ww_tt_tt_wtt_t

8.70 1.00 258.00 _ .012 .77 .58 1.08 1.08 .77 _t_. 1.00

17.39 1.44 258.44 " .012 i. I0 .80 1.55 1.55 I.I0 tt_. 1.44

26.0% 1.78 258.78 _ .012 1.35 .98 1.93 1.93 1.35 ._t._ 1.78

34.78 2.0T 259.07 * .012 1.56 1.12 2.25 2.25 1.56 _'_'_ 2.07

43.48 2.33 259.33 * .012 1.75 1.25 2.54 2.54 1.75 1"_" 2.33

52.17 2.57 259.57 * .012 1.92 1.37 2.81 2.81 1.92 .its, 2.57

60.87 2.78 25%.79 " .012 2.08 1.48 3.06 3.06 2.08 ..t., 2.78

69.57 2.99 25%.99 _ .012 2.23 1.58 3.29 3.29 2.23 _*_ 2.%9

78.26 3.18 260.18 " .012 2.3? 1.68 3.52 3.52 2.37 _.t_. 3.1_

86.96 3.36 260.36 * .012 2.51 1.77 3.74 3.74 2.51 _'*_" 3.3C

95.65 3.54 260.54 _ .012 2.63 1.86 3.%5 3.95 2.63 *_ 3.5_

104.35 3.71 260.71 _ .012 2.76 1.95 4.16 4.16 2.76 "'"_" 3.TI

113.04 3.87 260.87 * .012 2.87 2.03 4.36 4.36 2.87 ""_"" 3.87

121.74 4.02 261.02 * .012 2.99 2.12 4.56 4.56 2.99 """"" 4.C2

130.43 4.17 261.17 " .012 3.10 2.19 4.76 4.76 3.10 """"" 4.17

PIPE NO. 7: 180 LF - 72"CP _ 1.00% OUTLET: 257.00 INLET: 258.80 INTYP: 5

_(CFS) HW(FT) HW ELEV. _ N-FAC DC DN TW DO DE HWO HW_ _

8.70 1.00 259.80 _ .012 .77 .581.00 1.00 .77 _ 1.00 "_....

17.39 1.45 260.25 * .012 1.10 .80 1.44 1.44 i.I0 _"_"" 1.45

26.09 1.79 260.5% " .012 1.35 .98 1.78 1.78 1.35 w"_" 1.79

34.78 2.10 260.90 " .012 1.56 1.12 2.07 2.C7 1.56 _"_ 2.10

43.48 2.37 261.17 * .012 1.75 1.25 2.33 2.33 1.75 _"_" 2.3_

52.17 2.62 261.42 * .012 1.92 1.37 2.57 2.57 1.92 ""_"" 2.52

60.87 2.86 261.66 " .012 2.08 1.48 2.78 2.78 2.08 """_" 2.86

69.57 3.08 261.88 " .012 2.23 1.58 2.99 2.99 2.23 _ .... 3.0_

78.26 3.30 262.10 _ .012 2.37 1.68 3.18 3.18 2.37 _'" 3._

86.96 3.51 262.31 " .012 2.51 1.77 3.36 3.36 2.51 _"_* 3.51

%5.65 3.71 262.51 " .012 2.63 1.86 3.54 3.54 2.63 *"'"" 3.71

104.35 3.91 262.71 _ .012 2.76 1.95 3.71 3.71 2.76 *_'° 3.91

113.04 4.11 262.91 " .012 2.87 2.03 3.87 3.87 2.87 *'""" 4.11

121.74" 4.30 263.10 " .012 2.99 2.12 4.02 4.02 2.99 ,.t.. 4.30

130.43 4.50 263.30 _ .012 3.10 2.19 4.17 4.17 3.10 "_""" 4.50

SPECIFY: R - REVISE, N - NEWJOB, F - FILE, S - STOP
S

7

S_op - Program terminated.

Tyee Diversion, AJt1 & 2 - page 4

AR 042181



-i
3

F

A:72CPA.DAT
S

253.00

273.50 0
S

.00

.00 150.00 I0.00 1
S

7
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180.00 72.00 1 244.34 246.64 5
254.50 90.00 8.00 .00
210.00 72.00 1 246.64 248.74 5
255.50 90.00 8.00 .00
220.00 72.00 1 248.74 250.94 5
258.00 .00 8.00 .00
200.00 72.00 1 250.94 252.94 5
262.00 .00 8.00 .00

210.00 72.00 1 252.94 255.04 "5
263.12 45.00 8.00 .15
196.00 72.00 1 255.04 257.00 5
270.00 .00 8.00 .00
180.00 72.00 1 257.00 258.80 5

" i%,
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T_-EE DIVERSION PIPE -ALTERNATIVE 3

48" smooth pipe

KZNG COUNTY DEPARTMENT OF PUBLIC WORKS
Surface Water Managemen_ Division

BACKNAT_ A_LYSIS PROGRAM
Version 4.22

1 - INTO ON THIS PROGRAM

2 - BWCHAN .
3 - BWPIPE
4 - BWCULV
5 - BWBOX
6 - DATA-FILE ROUT,."/ES
7 - RETURN TO DOS

ENTER OPTION
3
BACKWATER. COMPUTER PROGRAM FOR PIPES

SPECIFY TYPE OF PIPE-DATA INPUT: K - KEYBOARD
F - FILE

F

ENTER [d:][path] fi1"ename [.ex_] OF PIPE-DATA FILE
A: 48CP3 .DAT

OUTFLOW CONDITIONS PIPE NO. 1 - TAILWATER DATA:

i) SPECIFY TYPE OF TAILWATER DATA INPUT: S - SINGLE TW-ELEV.
F - TW/HW DATA FILE

S

2) ENTER': TW-ELEV
-253.00

INFLOW CONDITIONS PIPE NO. 3 - OVERFLOW DATA AND UPSTREAM VELOCITY DATA:

1) ENTER: OVERFLOW-ELEV, OVERFLOW-TYPE (NONE=0, BROAD-WEIR=I, SHARP-WEIR=2)
273.50 0

2) SPECIFY TYPE OF VELOCITY DATA INPUT: S - SINGLE VELOCITY UPSTREAM

V - VARY VELOCITY ACCORDING TO V=Q/A
S

3) ENTER : VELOCITY (fps) UPSTREAM
.00

Tyee Diversion.AJt3 - page I
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ENTF_K: QMIN, QMAX, QINCRE, PRINT-OPTION (STANDARD=I, C01_ENSED=2, EXPANDED=3)
.00 150.00 10.00 1

PIPE NO. I: 160 LF- 48"CP 6 1.00% OUTLET: 250.00 INLET: 251.60 INTYP: 5
JUNC NO. i: OVERFLOW-EL: 258.00 BEND: 0 DEG DZA/WIDTH: 4.5 Q-RATiO: .15

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HW0 HW_
w_www.tttwwwtttw_wwwt_w_tt_tww_tt_t_t_w_tttt_wttt_w_wtt_ttwwttttt_tt_t_fft_

10.00 1.52 253.12 t .012 .93 .69 3.00 3.00 1.37 1.52 1.23
20.00 1.77 253.37 * .012 1.32 .97 3.00 3.00 1.32 t,..t 1.77
30.00 2.21 253.81 t .012 1.63 1.20 3.00 3.00 1.63 ..t.. 2.21
40.00 2.60 254.20 * .012 1.89 1.39 3.00 3.00 1.89 t_.** 2.60
50.00 2.94 254.54 * .012 2.13 1.56 3.00 3.00 2.13 **°'* 2.94
60.00 3.27 254.87 * .012 2.34 1.73 3.00 3.00 2.34 *''** 3.27
70.00 3.58 255.18 * .012 2.53 1.89 3.00 3.00 2.53 " .... 3.58
80.00 3.89 255.49 " .012 2.71 2.04 3.00 3.00 2.71 ***** 3.89
90.00 4.18 255.78 * .012 2.88 2.19 3.00 3.00 2.88 ****" 4.18

100.00 4.51 256.11 * .012 3.04 2.34 3.00 3.00 3.04 *''** 4.51
110.00 4.93 256.53 * .012 3.18 2.49 3.00 3.00 3.18 "'*'" 4.93
120.00 5.36 256.96 * .012 3.30 2.64 3.00 3.00 3.30 *'*'* 5.36
130.00 5.83 257.43 * .012 3.42 2.80 3.00 3.00 3.42 "*'*" 5.83
140.00 6.34 257.94 * .012 3.52 2.97 3.00 3.00 3.52 *'''* 6.34
150.00 6.40 258.49 * .012 3.60 3.16 3.00 3.16 3.60 "'*'" 6.89

PIPE NO. 2: 190 LF- 48"CP Q 2.74% OUTLET: 2"51.60 INLET: 256.80 INTYP: 5 --"

JUNC NO. 2: OVERFLOW-EL: 264.00 BEND: 0 DEG DZA/WIDTH: 4.5 Q-RATIO: .0D

Q(CFS) HW(FT) HW _EV. _ N-FAC DC DN TW DO DE HWO H_

8.70 i.I0 257.90 * .012 .86 .51 1.52 1.52 .'86 *_"*" i.I0
17.39 1.60 258.40 _ .012 1.23 .71 1.77 1.77 1,23 *_*_ 1.60
26.09 1.99 258.79 t .012 1.52 .86 2.21 2.21 1.52 *_*" 1.99

34.78 2.33 259.13 * .012 1.76 1.00 2.60 2.60 1.76 **'** 2.33
43.48 2.62 259.42 * .012 1.98 1.12 2.94 2.94 1.98 ****t 2.62
52.17 2.89 259.69 " .012 2.17 1.23 3.27 3.27 2.17 **''" 2.89
60.87 3.15 259.95 " .012 2.36 1.33 3.58 3.58 2.36 *''1" 3.15
69.57 3.38 260.18 _ .012 2.53 1.43 3.89 3.89 2.53 *'"'1 3.38
78.26 3.60 260.40 * .012 2.68 1.52 4.18 4.18 2.68 ***_* 3.60
86.96 3.82 260.6_ _ .012 2.83 1.61 4.51 4.51 2,83 *'_"* 3.82

95.65 4.03 260.S_ * .012 2.97 1.69 4.93 4.93 2,97 .t*** 4.03
104.35 4.32 261.12 * .012 3.10 1.78 5.36 5.36 3.10 **'** 4.32
113.04 4.61 261.41 * .012 3.22 1.86 5.83 5.83 3.22 ***.t 4.61
121.74 4.93 "261.73 " .012 3.32 1.94 6.34 6.34 3.32 *""_* 4.93

130.43 5.27 262.07 * .012 3.42 2.02 6.40 6.40 3.42 "***t 5.27

PIPE NO. 3: 200 LF - 48"CP _ 1.00% OUTLET: 256.80 INLET: 258.80 INTYP: 5

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO H_

8.70 1.14 259.94 * .012 .86 .65 i.i0 I.I0 .86 _**_" I.!¢

17.39 1.67 260.47 * .012 1.23 .91 1.60 1.60 1.23 _.... 1.67

Tyee Diversion,Air3 - page 2

AR 042185



26.09 2.09 260.89 * .012 1.52 1.11 1.99 1.99 1.52 **''" 2.09

34.78 2.48 261.28 " .012 1.76 1.29 2.33 2.33 1.76 "'*'* 2.48

43.48 2.84 261.64 * .012 1.98 1.45 2.62 2.62 1.98 t***. 2.8_

52.17 3.19 261.99 t .012 2.17 1.60 2.89 2.89 2.17 tt.,t 3.19

60.87 3.54 262.34 • .012 2.36 1.74 3.15 3.15 2.36 ,.it. 3.54

69.57 3.88 262.68 . .012 2.53 1.88 3.38 3.38 2.53 t.tt. 3.88

78.26 4.23 263.03 t .012 2.68 2.01 3.60 3.60 2.68 .t_w, 4.23

86.96 4.58 263.38 * .012 2.83 2.14 3.82 3.82 2.83 twgt. 4.58

95.65 4.95 263.75 . .012 2.97 2.27 4.03 4.03 2.97 tttt. 4.95

104.35 5.40 264.20 . .012 3.10 2.40 4.32 4.32 3.10 tttt. 5.40

113.04 5.88 264.68 * .012 3.22 2.53 4.61 4.61 3.32 5.72 5.88

121.74 6.40 265.20 . .012 3.32 2.67 4.93 4.93 4.16 6.35 6.40

130.43 7.19 265.99 , .012 3.42 2.81 5.27 5.27 4.68 7.19 6.95

SPECIFY: R - R--_VISE, N - _'EWJOB, F - FILE, S - STOP
S

7

Stop - Program _ermina_ed.
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-1

3 "

_F

A:48CP3. DAT

S
253.00
273.50 0

• .00
.00 150.00 i0.00 1

S
7
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160.00 48.00 1 250.00 251.60 5
258.00 .00 4.50 .15

190.00 48.00 1 251.60 256.80 5
264.00 .00 4.50 .00
200.00 48.00 1 256.80 258.80 5
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Hydraulic modeling of bypass pipeline from MH 348 near treatment
plant upstream to Northwest Ponds (Alternative 1).

Includes results for both"Bypass Downstream of S. 200 th"
and "Alternative 1 -Bypass from Northwest Ponds"

BACKWA'I'_K COMPUTER PROGRAM FOR PIPES

Pipe data from file:nwbyps4.bwp

Tailwater Elevation: 107.67 feet _hls assumes the downstream manhole #348 is full

to the rim. This is conservative,but only affects the results through pipe 4. Tobe consistent
with the datumdifference found in the golf course survey, 3.67feet was added to all
elevations taken from sewer dis_ct plans.)

Discharge Range:14. to 28. Step of 2. [cfs]
Overflow Elevation: 253. feet

Broad Crested Weir: Len_ch:ll0. feet, Height:0.1 feet
UpsUream Velocity: 0.I fee_/sec

PIPE NO. I: 90 LF- 24"CP Q 1.00% OUTLET: 100.29 INLET: 101.19 INTYP: 5

JUNC NO. I: OVERFL0W-EL: 109.17 BEND: 9 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 6.95 108.14 * 0.012 1.35 1.09 7.38 7.38 6.78 6.95 1.84

16.00 7.08 108.27 * 0.012 1.45 1.18 7.38 7.38 6.86 7.08 1.98

18.00 7.24 108.43 * 0.012 1.53 1.28 7.38 7.38 6.97 7.24 2.15

20.00 7.42 108.61 * 0.012 1.61 1.38 7.38 7.38 7.08 7.42 2.34

22.00 7.62 108.81 _ 0.012 1.68 1.49 7.38 7.38 7.21 7.62 2.56

24.00 7.84 109.03 * 0.012 1.74 1.61 7.38 7.38 7.34 7.84 2.79

26.00 7.98 109.27 * 0.012 1.79 1.79 7.38 7.38 7.49 8.08 3.04

• ******"******** OVERFLOW ENCOU_'L'_KED AT 26.00 CFS DISCHARGE *****************

PIPE NO. 2: 154 LF- 24"CP @ 1.01% OUTLET: I01.19 INLET: 102.74 INTYP: 5

JUNC NO. 2: OVERFLOW-EL: 112.67 BEND: 60 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 6.26 109.00 * 0.012 1.35 1.09 6.95 6.95 5.91 6.26 2.02

16.00 6.65 109.39 _ 0.012 1.45 1.18 7.08 7.08 6.19 6.65 2.21

18.00 7.10 109.84 * 0.012 1.53 1.28 7.24 7.24 6.53 7.10 2.45

20.00 7.61 110.35 * 0.012 1.61 1.37 7.42 7.42 6.90 7.61 2.71

22.00 8.17 110.91 * 0.012 1.68 1.48 7.62 7.62 7.31 8.17 3.00

24.00 8.79 111.53 * 0.012 1.74 1.60 7.84 7.84 7.77 8.79 3.32

26.00 9.37 112.11 * 0.012 1.79 1.78 7.98 7.98 8.16 9.37 3.66

28.00 9.93 112.80 * 0.012 1.83 2.00 8.20 8.20 8.66 10.06 4.03

PIPE NO. 3: 427 LF - 24"CP • 1.00% OUTLET: 102.74 INLET: 107.01 INTYP: 5

JUNC NO. 3: OVERFLOW-EL: 117.17 BEND: 32 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 3.62 110.63 * 0.012 1.35 1.09 6.26 6.26 3.39 3.62 1.90

16.00 4.49 111.50 * 0.012 1.45 1.18 6.65 6.65 4.20 4.49 2.05

nwbyps4.doc 1
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18.00 5.51 112.52 * 0.012 1.53 1.28 7.10 7.10 5.14 5.51 2.24 /_,

20.00 6.65 113.66 * 0.012 1.61 1.38 7.61 7.61 6.19 6.65 2.46 (

22.00 7.90 114.91 * 0.012 1.68 1.49 8.17 8.17 7.35 7.90 2.70

24.00 9.28 116.29 * 0.012 1.74 1.61 8.79 8.79 8.62 9.28 2.96

26.00 I0.16 117.69 * 0.012 1.79 1.79 9.37 9.37 9,90 10.68 3.24
•******t,,,***** OVERFLOW ENCOUNTERED AT 26.00 CFS DISCHARGE _**_t,_***,**,t,

PIPE NO. 4: 328 LF - 24"CP @ 3.46% OUTLET: 107.01 INLET: 118.37 INTYP: 5

JUNC NO. 4: OVERFLOW-EL: 129.17 BEND: 41 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW RT,RV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.90 .120.27 * 0.012 1.35 0.77 3.62 3.62 1.35 ,t**t 1.90

16.00 2.07 120.44 * 0.012 1.45 0.82 4.49 4.49 1.45 ,,it, 2.07

18.00 2.27 120.64 * 0.012 1.53 0.88 5.51 5.51 1.53 **t., 2.27

20.00 2.50 120.87 * 0.012 1.61 0.93 6.65 6.65 1.61 ***"* 2.50

22.00 2.75 121.12 * 0.012 1.68 0.98 7.90 7.90 1.68 t,,-, 2.75

24.00 3.02 121.39 * 0.012 1.74 1.04 9.28 9.28 1.74 *"_"" 3.02

26.00 3.39 121.76 * 0.012 1.79 1.09 IC.16 10.16 2.50 3.39 3.32

28.00 4.34 122.71 * 0.012 1.83 1.14 10.38 10.38 3.31 4.34 3.64

PIPE NO. S: 173 LF - 24"CP @ 2.37% OUTLET: 118.37 INLET: 122.47 INTYP: S
JUNC NO. 5: OVERFLOW-EL: 134.47 BEND: 24 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.86 124.33 * 0.012 1.35 0.85 1.90 1.90 1.35 ***** 1.86 i_ )
16.00 2.01 124.48 * 0.012 1.45 0.91 2.07 2.07 1.45 ***_* 2.01 --'
18.00 2.19 124.66 * 0.012 1.53 0.98 2.27 2.27 1.53 _**** 2.19

20.00 2.39 124.86 * 0.012 1.61 1.04 2.50 2.50 1.61 "**** 2.39

22.00 2.62 125.09 * 0.012 1.68 I.I0 2.75 2.75 1.68 *_*"* 2.62

24.00 2.87 125.34 * 0.012 1.74 1.16 3.02 3.02 1.74 **_* 2.87

26.00 3.14 125.61 * 0.012 1.79 1.23 3.39 3.39 1.79 **_** 3.14

28.00 3.43 125.90 * 0.012 1.83 1.29 4.34 4.34 2.50 3.30 3.43

PIPE NO. 6: 191 LF - 24"CP @ 6.23% OUTLET: 122.47 INLET: 134.37 INTYP: S

JUNC NO. 6: OVERFLOW-EL: 141,87 BEND: 39 DEG DIA/WIDTH: 6,0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.87 136.24 * 0.01; 1.35 0.66 1.86 1.86 1.35 ***_* 1.87

16.00 2.03 136.40 * 0.011 1.45 0.70 2.01 2.01 1.45 ***** 2.03

18.00 2.23 136.60 * 0.012 1.53 0.75 2.19 2.19 1.53 *_*** 2.23

20.00 2.46 136.83 * 0.012 1.61 0.79 2.39 2.39 1.61 *_"** 2.46

22.00 2.70 137.07 * 0.012 1.68 0.83 2.62 2.62 1.68 *_** 2.70

24.00 2.97 137.34 * 0.012 1.74 0.88 2.87 2.87 1.74 ,t,,, 2.97

26.00 3.27 137.64 * 0.012 1.79 0.92 3.14 3.14 1.79 ***** 3.27

28.00 3.59 137,96 * 0.012 1.83 0.95 3.43 3.43 1,83 ***** 3.59

PIPE NO. 7: 210 LF - 24"CP @ 1.57% OUTLET: 134.37 INLET: 137.67 INTYP: S

JUNC NO. 7: OVERFLOW-EL: 149.17 BEND: 62 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

nwbyps4.doc 2
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14.00 2.03 139.70 * 0.012 1.35 0.95 1.87 1.87 1.35 **_*t 2.03

16.00 2.22 139.89 * 0.012 1.45 1.03 2.03 2.03 1.45 ***.t 2.22

18.00 2.46 140.13 * 0.012 1.53 I.II 2.23 2.23 1.53 ***it 2.46

20.00 2.73 140.40 " 0.012 1.61 1.18 2.46 2.46 1.61 .t.t. 2.73

22.00 3.03 140.70 * 0.012 1.68 1.26 2.70 2.70 1.68 .t*** 3.03

24.00 3.35 141.02 * 0.012 1.74 1.34 2.97 2.97 1.74 *t=._ 3.35
26.00 3.70 141.37 * 0.012 1.79 1.42 3.27 3.27 2.34 3.59 3.70

28.00 4.47 142.14 * 0.012 1.83 1.50 3.59 3.59 3.03 4.47 4.08

PIPE NO. 8: 70 LF - 24"CP @ 2.34% OUTLET: 137.67 INLET: 139.31 INTYP: 5

JUNC NO. 8: OVERFLOW-EL: 153.67 BEND: 46 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWZ
_t*t_**ttt****_*t****tttt**_*_**_*****_Wt****_*******W_*_Wt_Wtt***9**ttt*wt

14.00 1.94 141.25 * 0.012 1.35 0.85 2.03 2.03 1.35 *t*** 1.94

16.00 2.11 141.42 * 0.012 1.45 0.92 2.22 2.22 1.45 *tee* 2.11

18.00 2.32 141.63 * 0.012 1.53 0.98 2.46 2.46 1.53 ***** 2.32

20.00 2.55 141.86 * 0.012 1.61 1.04 2.73 2.73 1.61 ***** 2.55

22.00 2.81 142.12 * 0.012 1.68 I.II 3.03 3.03 1.68 *_*_ 2.81

24.00 3.21 142.52 * 0.012 1.74 1.17 3.35 3.35 2.39 3.21 3.10

26.00 3.81 143.12 * 0.012 1.79 1.23 3.70 3.70 2.85 3.81 3.41

28.00 4.86 144.17 * 0.012 1.83 1.29 4.47 4.47 3.75 4.86 3.74

PIPE NO. 9: 57 LF - 24"CP @ 2.30% OUTLET: 139.31 INLET: 140.62 INTYP: 5

JUNC NO. 9: OVERFLOW-EL: 155.37 BEND: 33 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) RW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.89 142.51 * 0.012 1.35 0.86 1.94 1.94 1.35 ***_* 1.89

16.00 2.04 142.66 * 0.012 1.45 0.92 2.11 2.11 1.45 ***** 2.04

18.00 2.24 142.86 * 0.012 1.53 0.99 2.32 2.32 1.53 ***_ 2.24

20.00 2.45 143.07 * 0.012 1.61 1.05 2.55 2.55 1.61 *et** 2.45

22.00 2.69 143.31 * 0.012 1.68 I.Ii 2.81 2.81 1.68 e_** 2.69

24.00 3.12 143.74 * 0.012 1.74 1.17 3.21 3.21 2.45 3.12 2.95

26.00 3.93 144.55 * 0.012 1.79 1.24 3.81 3.81 3.14 3.93 3.24

28.00 5.22 145.84 * 0.012 1.83 1.30 4.86 4.86 4.30 5.22 3.54

PIPE NO.10: 98 LF - 24"CP @ 2.60% OUTLET: 140.62 INLET: 143.17 INTYP: 5

JUNC N0.10: OVERFLOW-EL: 154.47 BEND: 53 DEG DIA/WIDTH: 6.0 Q-RATI0: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.97 145.14 * 0.012 1.35 0.83 1.89 1.89 1.35 ***_* 1.97

16.00 2.15 145.32 * 0.012 1.45 0.89 2.04 2.04 1.45 **_** 2.15

18.00 2.37 145.54 * 0.012 1.53 0.95 2.24 2.24 1.53 *_*** 2.37

20.00 2.62 145.79 * 0.012 1.61 1.01 2.45 2.45 1.61 tee** 2.62

22.00 2.89 146.06 * 0.012 1.68 1.07 2.69 2.69 1.68 *"_ 2.89

24.00 3.19 146.36 * 0.012 1.74 1.13 3.12 3.12 1.74 ***_* 3.19

26.00 3.57 146.74 * 0.012 1.79 1.19 3.93 3.93 2.49 3.57 3.52

28.00 5.19 148.36 * 0.012 1.83 1.25 5.22 5.22 3.95 5.19 3.87

PIPE N0.11: 284 LF - 24"CP @ 3.27% OUTLET: 143.17 INLET: 152.47 INTYP: 5
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JUNC N0.11: OVERFLOW-EL: 163.87 BEND: 45 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW _'T._V. * N-FAC DC DN TW DO DE HW0 HWI

14.00 1.92 154.39 * 0.012 1.35 0.78 1.97 1.97 1.35 _*"_* 1.52

16.00 2.09 154.56 * 0.012 1.45 0.84 2.15 2.15 1.45 ***** 2.09

18.00 2.30 154.77 * 0.012 1.53 0.89 2.37 2.37 1.53 t***. 2.30

20.00 2.54 155.01 * 0.012 1.61 0.95 2.62 2.62 1.61 e**** 2.54

22.00 2.79 155.26 * 0.012 1.68 1.00 2.89 2.89 1.68 *"'*" 2.7_

24.00 3.08 155.55 * 0.012 1.74 1.05 3.19 3.19 1.74 t*..t 3.08

26.00 3.38 155.85 * 0.012 1.75 I.II 3.57 3.57 1.79 "*"** 3.38

28.00 3.72 156.19 * 0.012 1.83 1.16 5.19 5.19 1.83 "**** 3.72

PIPE NO.12: 95 LF - 24"CP • 3.26% OUTLET: IS2.47 INLET: 155.57 IITrYP: 5

JUNC NO.12: OVERFLOW-EL: 162.60 BEND: 26 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC IIN TW DO DE HWO HWI

14.00 1.85 157.42 * 0.012 1.35 0.78 1.92 1.92 1.35 _**"* 1.85

16.00 2.01 157.58 * 0.012 1.45 0.84 2.0_ 2.09 1.45 *_*_* 2.01

18.00 2.19 157.76 * 0.012 1.53 0.89 2.30 2.30 1.53 *_"* 2.19

20.00 2.40 157.97 * 0.012 1.61 0.95 2.54 2.$4 1.61 ***** 2.40

22.00 2.63 158.20 * 0.012 1.68 1.00 2.79 2.79 1.68 ***_* 2.63

24.00 2.88 158.45 * 0.012 1.74 1.05 3.08 3.08 1.74 *_*_* 2.88

26.00 3.15 158.72 * 0.012 1.79 I.II 3.38 3.38 1.79 "**_* 3.15

28.00 3.44 159.01 _ 0.012 1.83 1.16 3.72 3.72 1.83 ***** 3.44

PIPE N0.13: 326 LF - 24"CP @ 2.83% OUTLET: 155.57 INLET: 164.80 _: 5

JUNC NO.13: OVERFLOW-EL: 180.17 BEND: 39 DEG DIA/WIDTH: 6.0 Q-RATI0:0.00

0(CFS) RW(FT) HWELEV. * N-FAC DC DN TW DO DE RWO RW_

14.00 1.90 166.70 * 0.012 1.35 0.81 1.85 1.85 1.35 ***** I._0

16.00 2.07 166.87 * 0.012 1.45 0.87 2.01 2.01 1.45 ***** 2.07

18.00 2.27 167.07 * 0.012 1.53 0.93 2.19 2.19 1.53 ***** 2.27

20.00 2.49 167.29 * 0.012 1.61 0.99 2.40 2.40 1.61 ***** 2.49

22.00 2.74 167.54 * 0.012 1.68 1.04 2.63 2.63 1.68 *_*_* 2.74

24.00 3.01 167.81 * 0.012 1.74 I.I0 2.88 2.88 1.74 *_e* 3.01

26.00 3.30 168.10 * 0.012 1.79 1.16 3.15 3.15 1.79 **'_" 3.30

28.00 3.62 168.42 * 0.012 1.83 1.21 3.44 3.44 1.83 *_*** 3.62

PIPE NO.14: 224 LF - 24"CP _ 4.63% OUTLET: 164.80 INLET: 175.18 I-tFI'YP:5

JUNC N0.14: OVERFLOW-E;: 188.17 BEND: 41 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

_(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.89 177.07 * 0.012 1.35 0.71 1.90 1.90 1.35 **_** 1.89

16.00 2.06 177.24 * 0.012 1.45 0.76 2.07 2.07 1.45 ***** 2.06

18.00 2.26 177.44 * 0.012 1.53 0.81 2.27 2.27 1.53 _**** 2.26

20.00 2.49 177.67 * 0.012 1.61 0.86 2.49 2.49 1.61 **_** 2.49

22.00 2.74 177.92 * 0.012 1.68 0.91 2.74 2.74 1.68 ***** 2.74

24.00 3.01 178.19 * 0.012 1.74 0.95 3.01 3.01 1.74 ***** 3.01

26.00 3.31 178.49 * 0.012 1.79 1.00 3.30 3.30 1.79 *_*** 3.31

28.00 3.63 178.81 * 0.012 1.83 1.04 3.62 3.62 1.83 ***** 3.63
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PIPE NO.15: 235 LF - 24"CP @ 3.00% OUTLET: 175.18 INLET: 182.24 INTYP: 5

JUNC NO.15: OVERFLOW-EL: 193.67 BEND: 17 DEG DIA/WIDTH: 6.0 Q-RATI0: 0.00

Q(CFS) HW(FT) HW ELEV. _ N-FAt DC DN TW DO DE HW0 HWI

14.00 1.83 184.07 * 0.012 1.35 0.80 1.89 1.89 1.35 *t*.t 1.83

16.00 1.98 184.22 * 0.012 1.45 0.86 2.06 2.06 1.45 t.tit 1.98

18.00 2.15 184.39 * 0.012 1.53 0.91 2.26 2.26 1.53 *t.tt 2.15
20.00 2.35 184.59 * 0.012 1.61 0.97 2.49 2.49 1.61 t.**_ 2.35

22.00 2.57 184.81 * 0.012 1.68 1.03 2.74 2.74 1.68 t.tit 2.57

24.00 2.81 185.05 * 0.012 1.74 1.08 3.01 3.01 1.74 **_.t 2.81

26.00 3.07 185.31 * 0.012 1.79 1.14 3.31 3.31 1.79 _*_*" 3.07

28.00 3.35 185.59 * 0.012 1.83 1.19 3.63 3.63 1.83 t*t.. 3.35

PIPE NO.16: 94 LF - 24"CP @ 3.00% OUTLET: 182.24 INLET: 185.06 INTY_: 5

JUNC N0.16: OVERFLOW-EL: 198.20 BEND: 16 DEG DIA/WIDTH: 6.0 Q-RATI0: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.83 186.89 * 0.012 1.35 0.80 1.83 1.83 1.35 *_*" 1.83

16.00 1.97 187.03 * 0.012 1.45 0.86 1.98 1.98 1.45 *_** 1.97

18.00 2.15 187.21 * 0.012 1.53 0.91 2.15 2.15 1.53 _"**" 2.15

20.00 2.35 187.41 * 0.012 1.61 0.97 2.35 2.35 1.61 *"*"* 2.35

22.00 2.56 187.62 * 0.012 1.68 1.03 2.57 2.57 1.68 *"*_* 2_56

24.00 2.80 187.86 * 0.012 1.74 1.08 2.81 2.81 1.74 *_*"* 2.80

26.00 3.06 188.12 * 0.012 1.79 1.14 3.07 3.07 1.79 "*""* 3.06

28.00 3.34 188.40 * 0.012 1.83 1.19 3.35 3.35 1.83 **_** 3.34

PIPE NO.17: 170 LF - 24"CP @ 3.01% OETLET: 185.06 INLET: 190.17 INTYP: 5

JUNC NO.17: OVERFLOW-EL: 203.67 BEND: 55 DEG DIA/WIDTH: 6.0 Q-RATI0:0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HW0 HWI

14.00 1.97 192.14 * 0.012 1.35 0.80 1 83 1.83 1.35 """"* 1.97

16.00 2.16 192.33 * 0.012 1.45 0.86 1 97 1.97 1.45 *"*"* 2.16

18.00 2.38 192.55 * 0.012 1.53 0.91 2 15 2.15 1.53 *"*_ 2.38

20.00 2.64 192.81 * 0.012 1.61 0.97 2 35 2.35 1.61 "**** 2.64

22.00 2.91 193.08 _ 0.012 1.68 1.03 2 56 2.56 1.68 **"_ 2.91

24.00 3.22 193.39 * 0.012 1.74 1.08 2 80 2.80 1.74 _***_ 3.22

26.00 3.55 193.72 * 0.012 1.79 1.14 3 06 3.06 1.79 _"*** 3.55

28.00 3.91 194.08 * 0.012 1.83 1.19 3 34 3.34 1.83 *"*** 3.91

PIPE N0.18: 27 LF - 24"CP @ 4.93% OUTLET: 190.17 INLET: 191.50 INTYP: 5

JUNC NO.18: OVERFLOW-EL: 205.60 BEND: 29 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

0(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.85 193.35 * 0.012 1.35 0.70 1.97 1.97 1.35 ""_"* 1.85

16.00 2.00 193.50 * 0.012 1.45 0.75 2.16 2.16 1.45 ****_ 2.00

18.00 2.19 193.69 * 0.012 1.53 0.80 2.38 2.38 1.53 "**** 2.19

20.00 2.40 193.90 " 0.012 1.61 0.84 2.64 2.64 1.61 _**"" 2.40

22.00 2.63 194.13 " 0.012 1.68 0.89 2.91 2.91 1.68 ""*t" 2.63
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24.00 2.89 194.39 * 0.012 1.74 0.93 3.22 3.22 2.15 2.78 2.89 -_
26.00 3.27 194.77 * 0.012 1.79 0.98 3.55 3.55 2.53 3.27 3.16 :

28.00 3.80 195.30 * 0.012 1.83 1.02 3.91 3.91 2.93 3.80 3.46

PIPE NO.19: 73 LF - 24"CP @ 4.24% OUTLET: 191.S0 INLET: 194.62 INTYP: 5

JUNC NO.19: OVERFLOW-EL: 207.17 BEND: 69 DEG DIA/WIDTH: 6.0 Q-RATIO: C.00

Q(CFS) RW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 2.04 196.66 * 0.012 1.35 0.73 1.85 1.85 1.35 ***** 2.04

16.00 2.26 196.88 * 0.012 1.45 0.78 2.00 2.00 1.45 ***** 2.26

18.00 2.51 197.13 * 0.012 1.53 0.83 2.19 2.19 1.53 *"*** 2.51

20.00 2.80 197.42 * 0.012 1.61 0.88 2.40 2.40 1.61 tt,,, 2.80

22.00 3.11 197.73 * 0.012 1.68 0.93 2.63 2.63 1.68 t,t,, 3.11

24.00 3.46 198.08 "* 0.012 1.74 0.98 2.89 2.89 1.74 t,_, 3.46

26.00 3.83 198.45 * 0.012 1.79 1.02 3.27 3.27 1.79 it*** 3.83

28.00 4.24 198.86 " 0.012 1.83 1.07 3.80 3.80 1.83 *_**_ 4.24

PIPE N0.20: 163 LF - 24"CP • 4.70% OUTLET: 194.62 INLET: 202.28 INTYP: 5

JUNC NO.20: OVERFLOW-EL: 214.20 BEND: 53 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.95 204.23 * 0.012 1.35 0.71 2.04 2.04 1.35 _"_ 1.95

16.00 2.13 204.41 * 0.012 1.45 0.76 2.26 2.26 1.45 _**_* 2.13

18.00 2.35 204.63 * 0.012 1.53 0.81 2.51 2.51 1.53 ***** 2.35

20.00 2.60 204.88 * 0.012 1.61 0.86 2.80 2.80 1.61 **_** 2.60 _ i

22.00 2.87 205.15 * 0.012 1.68 0.90 3.11 3.11 1.68 ***_* 2.87

24.00 3.17 205.45 * 0.012 1.74 0.95 3.46 3.46 1.74 **_** 3.17

26.00 3.50 205.78 * 0.012 1.79 0.99 3.83 3.83 1.79 ***** 3.50

28.00 _.85 206.13 * 0.012 1.83 1.04 4.24 4.24 1.83 **_** 3.85

PIPE NO.21: 62 LF - 24"CP @ 4.63% 0UTI,ET: 202.28 INLET: 205.15 INTYP: 5

JUNC NO.21: OVERFLOW-EL: 215.70 BEND: 83 DEG DIA/WIDTH: 6.0 Q-RATI0: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE RWO HWI

14.00 2.14 207.29 * 0.012 1.35 0.71 1.95 1.95 1.35 _**** 2.14

16.00 2.38 207.53 _ 0.012 1.45 0.76 2.13 2.13 1.45 ***** 2.38

18.00 2.67 207.82 * 0.012 1.53 0.81 2.35 2.35 1.53 ***** 2.67

20.00 3.00 208.15 * 0.012 1.61 0.86 2.60 2.60 1.61 "**** 3.00

22.00 3.36 208.51 * 0.012 1.68 0.91 2.87 2.87 1.68 **_** 3.36

24.00 3.75 208.90 * 0.012 1.74 0.95 3.17 3.17 1.74 ***** 3.75

26.00 4.17 209.32 * 0.012 1.79 1.00 3.50 3.50 1.79 ***** 4.17

28.00 4.63 209.78 * 0.012 1.83 1.04 3.85 3.85 1.83 ***** 4.63

PIPE N0.22: II0 LF - 24"CP @ 0.95% OUTLET: 205.15 INLET: 206.20 INTYP: S

JUNC N0.22: OVERFLOW-EL: 223.67 BEND: 49 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.96 208.16 * 0.012 1.35 I.I0 2.14 _.14 1.35 ***** 1.96

16.00 2.22 208.42 * 0.012 1.45 1.20 2.38 2.38 1.71 2.22 2.14
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18.00 2.70 208.90 * 0.012 1.53 1.30 2.67 2.67 2.22 2.70 2.35
20.00 3.28 209.48 * 0.012 1.61 1.40 3.00 3.00 2.68 3.28 2.59

22.00 3.91 210.11 * 0.012 1.68 1.51 3.36 3.36 3.19 3.91 2.86

24.00 4.61 210.81 • 0.012 1.74 1.65 3.75 3.75 3.75 4.61 3.15

26.00 5.37 211.57 • 0.012 1.79 2.00 4.17 4.17 4.36 5.37 3.47

28.00 6.19 212.39 * 0.012 1.83 2.00 4.63 4.63 5.02 6.19 3.81

PIPE N0.23: 127 LF - 24"CP @ 0.91% OETLET: 206.20 INLET: 207.35 INTYP: 5

JUNC N0.23: OVERFLOW-EL: 225.47 BEND: 44 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE B'WO HWI

14.00 1.94 209.29 * 0.012 1.35 1.12 1.96 1.96 1.35 *''** 1.94

16.00 2.11 209.46 * 0.012 1.45 1.22 2.22 2.22 1.45 ..t.. 2.11

18.00 2.69 210.04 * 0.012 1.53 1.32 2.70 2.70 2.24 2.69 2.32

20.00 3.52 210.87 * 0.012 1.61 1.43 3.28 3.28 2.97 3.52 2.55

22.00 4.46 211.81 * 0.012 1.68 1.55 3.91 3.91 3.79 4.46 2.81

24.00 5.47 212.82 * 0.012 1.74 1.70 4.61 4.61 4.68 5.47 3.09

26.00 6.58 213.93 * 0.012 1.79 2.00 5.37 5.37 5.65 6.58 3.39

28.00 7.78 2!5.13 * 0.012 1.83 2.00 6.19 6.19 6.70 7.78 3.72

PIPE N0.24: 117 LF - 24"CP @ 0.91% OUTLET: 207.35 INLET: 208.42 INTYP: 5

JUNC N0.24: OVERFLOW-EL: 228.47 BEND: 22 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWl

14.00 1.87 210.29 • 0.012 1.35 1.12 1.94 1.94 1.35 *•_* 1.87

16.00 2.01 210.43 • 0.012 1.45 1.22 2.11 2.11 1.45 _**** 2.01

18.00 2.57 210.99 • 0.012 1.53 1.32 2.69 2.69 2.25 2.57 2.19

20.00 3.63 212.05 • 0.012 1.61 1.43 3.52 3.52 3.23 3.63 2.40

22.00 4.81 213.23 • 0.012 1.68 1.54 4.46 4.46 4.33 4.81 2.62

24.00 6.10 214.52 * 0.012 1.74 1.69 5.47 5.47 5.53 6.10 2.86

26.00 7.50 215.92 • 0.012 1.79 2.00 6.58 6.58 6.83 7.50 3.13

28.00 9.01 217.43 • 0.012 1.83 2.00 7.78 7.78 8.24 9.01 3.42

PIPE N0.25: 138 LF - 24"CP ® 0.88% OUTLET: 208.42 INLET: 209.63 INTYP: 5

JUNC NO.25: OVERFLOW-EL: 231.67 BEND: 54 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q (CFS) HW (FT) HW ELEV. • N-FAC DC DN TW DO DE HWO HWI

14.00 1.99 211.62 * 0.012 1.35 1.13 1.87 1.87 1.35 •**'* 1.99

16.00 2.17 211.80 • 0.012 1.45 1.23 2.01 2.01 1.45 **•** 2.17

18.00 2.63 212.26 • 0.012 1.53 1.34 2.57 2.57 "'2:_I! 2.63 2.40
20.00 3.99 213.62 • 0.012 1.61 1.45 3.63 3.63 3.34 3.99 2.65

22.00 5.49 215.12 * 0.012 1.68 1.57 4.81 4.81 4.71 5.49 2.92

24.00 7.14 216.77 • 0.012 1.74 1.74 6.10 6.10 6.21 7.14 3.23

26.00 8.94 218.57 • 0.012 1.79 2.00 7.50 7.50 7.84 8.94 3.55

28.00 10.87 220.50 * 0.012 1.83 2.00 9.01 9.01 9.61 10.87 3.91

PIPE N0.26: 118 LF - 24"CP @ 0.89% OUTLET: 209.63 INLET: 210.68 INTYP: 5

JUNC N0.26: OVERFLOW-EL: 231.20 BEND: 20 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI
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14.00 1.86 212.54 " 0.012 1.35 1.13 1.99 1.99 1.35 ***** 1.86
16.00 2.00 212.68 * 0.012 1.45 1.23 2.17 2.17 1.45 ***** 2.00

18.00 2.54 213.22 * 0.012 1.53 1.33 2.63 2.63 2.23 2.54 2.18
20.00 4.ii 214.79 * 0.012 1.61 1.44 3.99 3.99 3.72 4.11 2.38

22.00 5.86 216.54 * 0.012 1.68 1.56 5.49 5.49 5.40 5.86 2.60

24.00 7.78 218.46 * 0.012 1.74 1.72 7.14 7.14 7.23 7.78 2.85

26.00 9.87 220.55 * 0.012 1.79 2.00 8.94 8.94 9.22 9.87 3.11

28.00 12.12 222.80 * 0.012 1.83 2.00 10.87 10.87 11.37 12.12 3.39

PIPE N0.27: 224 LF - 24"CP @ 0.92% OUTLET: 210.68 INLET: 212.73 INTYP: 5

JUNC N0.27: OVERFLOW-EL: 231.20 BEND: 12 DEG DIA/WIDTH:'6.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW R_._'V. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.84 214.57 * 0.012 1.35 1.12 1.86 .1.86 1.35 _*"_* 1.84

16.00 1.99 214.72 * 0.012 1.45 1.22 2.00 2.00 1.45 ***e* I._9

18.00 2.18 214.91 * 0.012 1.53 1.32 2.54 2.54 1.55 2.18 2.16

20.00 3.90 216.63 * 0.012 1.61 1.43 4.11 4.11 3.55 3.90 2.3_

22.00 6.04 218.77 * 0.012 1.68 1.54 5.86 5.86 5.62 6.04 2.S"

24.00 8.39 221.12 * 0.012 1.74 1.69 7.78 7.78 7.88 8.39 2.80

26.00 10.94 223.67 * 0.012 1.79 2.00 9.87 9.87 10.34 10.94 3.06

28.00 13.69 226.42 * 0.012 1.83 2.00 12.12 12.12 12.99 13.69 3.33

PIPE N0.28: 302 LF - 24"CP ® 0.91% OUTLET: 212.73 INLET: 215.49 INTYP: 5

JunctionJUNCN0.28:28isManholeOVERFLOW'EL:367231.17 BEND: 20 DEG DIA/WIDTH: 6.0 O-RATIO: 0.00 _ -'-_

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HW0 HWI

14.00 1.86 217.35 * 0.012 1.35 1.12 1.84 1.84 1.35 ,_,t, 1.86

16.00 2.00 217.49 * 0.012 1.45 1.22 1.99 1.99 1.45 *'_'*"_ 2.00

18.00 2.18 217.67 * 0.012 1.53 1.32 2.18 2.18 1.53 *""_ 2.18

20.00 3.54 219.03 * 0.012 1.61 1.43 3.90 3.90 3.16 3.54 2.38

22.00 6.18 221.67 * 0.012 1.68 1.54 6.04 6.04 5.72 6.18 2.60

24.00 9.08 224.57 * 0.012 1.74 1.69 8.39 8.39 8.52 9.08 2.85

26.00 12.22 227.71 * 0.012 1.79 2.00 10.94 10.94 11.57 12.22 3.11

28.00 15.62 231.11 * 0.012 1.83 2.00 13.69 13.69 14.87 15.62 3.39

This is downstream end of "Bypass downstream of S. 200_" section

PIPE N0.29: 185 LF- 24"CP @ 1.57% O_'I_-'T: 215.49 INLET: 218.40 INTYP: 5

JUNC N0.29: OVERFLOW-EL: 226.87 BEND: 50 DEG DIA/WIDTH: 4.5 Q-RATIO: 0.00

_(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 2.06 220.46 * 0.012 1.35 0.95 1.86 1.86 1.35 *_*** 2.05

16.00 2.27 220.67 * 0.012 1.45 1.03 2.00 2.00 1.45 it*** 2.27

18.00 2.52 220.92 * 0.012 1.53 I.I0 2.18 2.18 1.53 *_*** 2.52

20.00 2.80 221.20 * 0.012 1.61 1.18 3.54 3.54 1.70 2.71 2.80

22.00 5.75 224.15 * 0.012 1.68 1.26 6.18 6.18 4.77 5.75 3.11

24.00 8.47 227.50 * 0.012 1.74 1.33 9.08 9.08 7.94 9.10 3.45
• "**"""********* OVERFLOW ENCOUNTERED AT 24.00 CFS DISCHARGE ",**,,*,,*,,******v,**
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PIPE NO.30: 290 LF - 30"CP • 0.44% 0_: 218.40 _7"-..,_T: 219.69 ZNTYP: 5
3UNC NO.30: OVZRFLOH'EL: 230.67 BEND: 4 DEG D_/HID"L_: 4.5 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HW0 HWI

14.00 1.71 221.40 t 0.012 1.26 1.21 2.06 2.06 1.26 it... 1.71

16.00 1.83 221.52 * 0.012 1.36 1.31 2.27 2.27 1.36 it*** 1.83

18.00 2.09 221.78 * 0.012 1.44 1.41 2.52 2.52 1.65 2.09 1.95

20.00 2.29 221.98 * 0.012 1.52 1.51 2.80 2.80 2.02 2.29 2.06

22.00 5.34 225.03 * 0.012 1.60 1.61 5.75 5.75 5.17 5.34 2.17

24.00 8.22 227.91 t 0.012 1.67 1.71 8.47 8.47 8.03 8.22 2.28

26.00 8.63 228.32 t 0.012 1.74 1.82 8.69 8.69 8.40 8.63 2.38

28.00 8.96 228.65 * 0.012 1.81 1.94 8.83 8.83 8.69 8.96 2.47

PIPE N0.31: 335 LF - 30"CP t 0.44% OUTLET: 219.69 INLET: 221.16 INTYP: 5

JUNC NO.31: OVERFLOW-EL: 233.67 BEND: 29 DEG DIA/WIDTH: 4.5 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.73 222.89 * 0.012 1.26 1.22 1.71 1.71 1.26 **t** 1.73

16.00 1.86 223.02 * 0.012 1.36 1.32 1.83 1.83 1.36 t-*t* 1.86

18.00 1.99 223.15 * 0.012 1.44 1.42 2.09 2.09 1.44 _**** 1.99

20.00 2.27 223.43 w 0.012 1.52 1.52 2.29 2.29 1.52 2.27 2.11

22.00 4.91 226.07 * 0.012 1.60 1.62 5.34 5.34 4.69 4.91 2.23

24.00 7.99 229.15 * 0.012 1.67 1.72 8.22 8.22 7.73 7.99 2.34

26.00 8.61 229.77 * 0.012 1.74 1.83 8.63 8.63 8.31 8.61 2.45

28.00 9.17 230.33 * 0.012 1.81 1.95 8.96 8.96 8.82 9.17 2.56

PIPE NO.32: 235 LF - 30"CP • 0.44% OUTLET: 221.16 INLET: 222.20 INTYP: 5

JUNC N0.32: OVERFLOW-EL: 239.67 BEND: 67 DEG DIA/WIDTH: 5.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.80 224.00 * 0.012 1.26 1.22 1.73 1.73 1.26 ****- 1.80

16.00 1.96 224;16 * 0.012 1.36 1.32 1.86 1.86 1.36 **_** 1.96

18.00 2.11 224.31 * 0.012 1.44 1.41 1.99 1.99 1.44 ***** 2.11

20.00 2.39 224.59 * 0.012 1.52 1.51 2.27 2.27 1.60 2.39 2.26

22.00 4.85 227.05 * 0.012 1.60 1.61 4.91 4.91 4.45 4.B5 2.41

24.00 8.11 230.31 * 0.012 1.67 1.71 7.99 7.99 7.64 8.11 2.55

26.00 8.93 231.13 * 0.012 1.74 1.82 8.61 8.61 8.38 8.93 2.70

28.00 9.71 231.91 * 0.012 1.81 1.94 9.17 3.17 9.06 3.71 2.85

PIPE N0.33: 275 LF - 30"CP ® 0.44% OUTLET: 222.20 INLET: 223.41 INTYP: 5

JUNC N0.33: OVERFLOW-EL: 234.67 BEND: 86 DEG DIA/WIDTH: 5.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO RWI

14.00 1.86 225.27 * 0.012 1.26 1.22 1.80 1.80 1.26 ----* 1.86

16.00 2.03 225.44 t 0.012 1.36 1.32 1.96 1.96 1.36 _*** 2.03

18.00 2.20 225.61 * 0.012 1.44 1.42 2.11 2.11 1.44 "ee*t 2.20

20.00 2.50 225.91 * 0.012 1.52 1.51 2.39 2.39 1.63 2.50 2.37

22.00 4.86 228.27 * 0.012 1.60 1.61 4.85 4.85 4.32 4.86 2.54

24.00 8.34 231.75 * 0.012 1.67 1.72 8.11 8.11 7.70 8.34 2.72

26.00 9.41 232.82 * 0.012 1.74 1.83 8.93 8.93 8.66 9.41 2.90
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28.00 10.46 233.87 * 0.012 1.81 1.95 9.71 9.71 9.59 10.46 3.08 .,,'---.

PIPE N0.34: 200 LF - 30"CP @ 0.13% OUTLET: 223.41 INLET: 223.67 INTYP: 5

JUNC N0.34: OVeRFLOW-EL: 238.17 BEND: 3 DEG DIA/WIDTR: 6.0 Q-RATIO: 0.00

Junction 34 is Manhole 371
Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.85 225.52 * 0.012 1.26 1.81 1.86 1.86 1.85 1.85 1.53

16.00 2.03 225.70 * 0.012 1.36 2.05 • 2.03 2.03 2.03 1.97 1.61

18.00 2.23 225.90 * 0.012 1.44 2.50 2.20 2.20 2.23 2.09 1.66

20.00 2.65 226.32 t 0.012 I.$2 2.S0 2.50 2.50 2.65 2.43 1.71

22.00 5.09 228.76 * 0.012 1.60 2.50 4.86 4.86 5.09 4.82 1.74

24.00 8.67 232.34 * 0.012 1.67 2.50 8.34 8.34 8.67 8.34 1.76

26.00 9.84 233.51 * 0.012 1.74 2.50 9.41 9.41 5.84 9.46 1.77

28.00 Ii.00 234.67 * 0.012 1.81 2.50 10.46 10.46 II.00 10.56 1.77

This is upstream end of "Bypass downstream of S. 200_" section

PIPE N0.35: 324 LF - 24"CP @ 1.85% OUTLET: 223.67 INLET: 229.67 INTYP: 5

JUNC N0.35: OVERFLOW-EL: 244.17 BEND: 7 DEG DIA/WIDTR: 6.0 Q-RATIO: 0.00
Junction 35 is Manhole 372

Q(CFS) BW(FT) B-W ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.83 231.50 * 0.012 1.35 0.51 1.85 1.85 1.35 ,_,t** 1.83

16.00 1.97 231.64 * 0.012 1.45 0.98 2.03 2.03 1.45 ***** 1.97

18.00 2.14 231.81 * 0.012 1.53 1.05 2.23 2.23 1.53 ,,,,t 2.14

20.00 2.33 232.00 * 0.012 1.61 1.12 2.65 2.65 1.61 ***** 2.33 -

22.00 2.54 232.21 * 0.012 1.68 1.19 5.09 5.09 1.68 **_** 2.54 '_ )

24.00 6.27 235.94 * 0.012 1.74 1.26 8.67 8.67 5.78 6.27 2.77 "_

26.00 8.06 237.73 * 0.012 1.79 1.33 9.84 9.84 7,49 8.06 -3.O3

28.00 9.89 239.56 * 0.012 1.83 1.41 II.00 II.00 9.23 9.89 3.30

PIPE N0.36: 400 LF - 24"CP @ 1.56% OUTLET: 229.67 INLET: 235.90 INTYP: 5

JUNC NO.36- OVERFLOW-EL: 245.00 BEND: 26 DEG DIA/WIDTH: 4.0 Q-RATIO: 0.00

Junction 36 is new manhole at south end of golf course
Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.87 237.77 * 0.012 1.35 0.95 1.83 1.83 1.35 I'''** 1.87

16.00 2.02 237.92 * 0.012 1.45 1.03 1.97 1.97 1.45 _'_*,** 2.02

18.00 2.21 238.11 * 0.012 1.53 I.II 2.14 2.14 1.53 ***** 2.21

20.00 2.41 238.31 * 0.012 1.61 1.18 2.33 2.33 1.61 ,",I,,,* 2.41

22.00 2.64 238.54 * 0.012 1.68 1.26 2.54 2.54 1.68 ,,*-** 2.64

24.00 4.49 240.39 * 0.012 1.74 1.34 6.27 6.27 3.88 4.49 2.89

26.00 7.05 242.95 * 0.012 1.79 1.42 8.06 8.06 6.33 7.05 3.17

28.00 9.10 245.61 * 0.012 1.83 1.51 9.89 9.89 8.89 9.71 3.46

Below this point are the new pipes on the golf course

PIPE NO.37: 30 LF- 24"CP @ 0.83% OUTLET: 236.00 INLET: 236.25 INTYP: 5

JUNC NO.37: OVERFLOW-EL: 246.00 BEND: 40 DEG DIA/WIDTH: 4.0 0-RATIO: 0.00

Q(CFS) HW_FT) HW ELEV. * N-FAC DC DN TW DO DE HW@ HW_

14.00 2.01 238.26 * 0.012 1.35 1.15 1.77 1.77 1.50 2.01 1.92
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16.00 2.17 238.42 * 0.012 1.45 1.26 1.92 1.92 1.72 2.17 2.09

18.00 2.44 238.69 * 0.012 1.53 1.36 2.11 2.11 2.02 2.44 2.29
20.00 2.78 239.03 * 0.012 1.61 1.48 2.31 2.31 2.26 2.78 2.52
22.00 3.16 239.41 * 0.012 1.68 1.61 2.54 2.54 2.54 3.16 2.76
24.00 5.17 241.42 * 0.012 1.74 1.84 4.39 4.39 4.43 5.17 3.04

26.00 7.91 244.16 * 0.012 1.79 2.00 6.95 6.95 7.04 7.91 3.33
28.00 9.75 246.40 * 0.012 1.83 2.00 9.00 9.00 9.14 10.15 3.65

PIPE N0.38: 320 LF- 24"CP @ 0.84% OUTLET: 236.25 INLET: 238.95 INTYP" 5

JUNC N0.38: OVERFLOW-EL: 250.00 BEND: 0 DEG DIA/WIDTH: 4.0 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.83 240.78 * 0.012 1.35 1.15 2.01 2.01 1.35 *twt* 1.83

16.00 1.97 240.92 * 0.012 1.45 1.25 2.17 2.17 1.45 ****t 1.97

18.00 2.14 241.09 * 0.012 1.53 1.36 2.44 2.44 1.53 ***** 2.14

20.00 2.55 241.50 * 0.012 1.61 1.47 2.78 2.78 2.22 2.55 2.33

22.00 3.44 242.39 * 0.012 1.68 1.60 3.16 3.16 3.04 3.44 2.54

24.00 6.01 244.96 * 0.012 1.74 1.81 5.17 5.17 5.54 6.01 2.77

26.00 9.36 248.31 * 0.012 1.79 2.00 7.91 7.91 8.81 9.36 3.01

28.00 11.05 250.82 * 0.012 1.83 2.00 9.75 9.75 11.23 11.87 3.28

PIPE N0.39: 320 LF - 24"CP Q 0.84% OUTLET: 238.95 INLET: 241.65 INTYP: 5
JUNC N0.39: OVERFLOW-EL: 252.00 BEND: 30 DEG DIA/WIDTH: 4.5 Q-RATIO: 0.00

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 2.03 243.68 * 0.012 1.35 1.15 1.83 1.83 1.35 *.tw* 2.03

16.00 2.23 243.88 * 0.012 1.45 1.25 1.97 1.97 1.45 *w*** 2.23

18.00 2.47 244.12 * 0.012 1.53 1.36 2.14 2.14 1.53 ****t 2.47

20.00 2.74 244.39 _ 0.012 1.61 1.47 2.55 2.55 1.78 2.65 2.74

22.00 4.22 245.87 * 0.012 1.68 1.60 3.44 3.44 3.32 4.22 3.04

24.00 7.45 249.10 * 0.012 1.74 1.81 6.01 6.01 6.38 7.45 3.36

26.00 10.35 253.17 * 0.012 1.79 2.00 9.36 9.36 10.27 11.52 3.71
• **t.*********** OVERFLOW ENCOUNTERED AT 26.00 CFS DISCHARGE **it*****.*******

PIPE NO.40: 256 LF - 30"CP ® 0.194 OUTLET: 241.65 INLET: 242.13 IN_: 5

JUNC NO.40: OVERFLOW-EL: 252.00 BEND: 0 DEG DIA/WIDTH: 4.5 Q-RATIO: 0.00

Q(CFS) HW(FT) HWELEV. * N-FAC DC DN TW DO DE HWO RW2

14.00 2.00 244.13 * 0.012 1.26 _.59 2.03 2.03 1.81 2.00 1.71

16.00 2.20 244.33 * 0.012 1.36 1.75 2.23 2.23 2.04 2.20 1.83

18.00 2.48 244.61 * 0.012 1.44 1.92 2.47 2.47 2.36 2.48 1.95

20.00 2.91 245.04 * 0.012 1.52 2.16 2.74 2.74 2.78 2.91 2.06

22.00 4.53 246.66 * 0.012 1.60 2.50 4.22 4.22 4.36 4.53 2.17

24.00 7.91 250.04 * 0.012 1.67 2.50 7.45 7.45 7.71 7.91 2.28

26.00 9.87 253.10 * 0.012 1.74 2.50 10.35 10.35 10.75 10.97 2.38

• *********_**_t* OVERFLOW ENCOUNTERED AT 26.00 CFS DISCHARGE "*_***t***_'****t

PIPE NO.41: 230 LF - 30"CP @ 0.194 OUTLET: 242.13 INLET: 242.56 INTYP: 5

JUNC NO.41: OVERFLOW-EL: 255.00 BEND: 0 DEG DIA/WIDTH: 4.5 Q-RATI0:0.00

nwbyps4.do¢ 11

AR 042199



Q(CFS) Z_W(FT) HW ELEV. * N-FAC DC DN TW IX) DE _0 _ _

14.00 2.00 244.56 * 0.012 1.26 1.59 2.00 2.00 1.81 2.00 1.71

16.00 2.20 244.76 " 0.012 1.36 1.75 2.20 2.20 2.03 2.20 1.83

18.00 2.51 245.07 t 0.012 1.44 1.53 2.48 2.48 2.39 2.51 1.95

20.00 3.08 245.64 * 0.012 1.52 2.16 2.91 2.91 2.95 3.08 2.06

22.00 4.82 247.38 _ 0.012 1.60 "2.50 4.53 4_53 4.66 4.82 2.17

24.00 8.34 250.90 * 0.012 1.67 2.50 7.91 7.91 8.15 8.34 2.28

26.00 10.45 253.01 * 0.012 1.74 2.50 9.87 9.87 10.23 10.45 2.38

28.00 10.84 253.40 * 0.012 1.81 2.50 10.09 10.09 10.58 10.84 2.47

PIPE N0.42: 250 LF - 30"CP @ 0.19% OUTLET: 242.$6 INLET: 243.03 INTYP: 5

JUNC N0.42: OVERFLOW-EL: 252.00 BEND: 17 DEG DIA/WIDTE: 4.5 Q-RATI0:0.00

0(CFS) HW(FT) _WELEV. * N-FA_ DC DN TW DO DE HWO HWI

14.00 2.00 245.03 * 0.012 1.26 1.59 2.00 2.00 1.79 2.00 1.72

16.00 2.19 245.22 * 0.012 1.36 1.74 2.2¢ 2.20 2.01 2.19 1.85

18.00 2.55 245.58 _ 0.012 1.44 1.92 2.51 2.51 2.42 2.55 1.9 _

20.00 3.27 246.30 * 0.012 1.52 2.15 3.08 3.08 3.12 3.27 2.0_

22.00 5.15 248.18 * 0.012 1.60 2.50 4.82 4.82 4.97 5.15 2.19

24.00 8.82 251.85 _ 0.012 1.67 2.50 8.34 8.34 8.60 8.82 2.30

26.00 8.97 254.13 t 0.012 1.74 2.50 10.45 10.45 10.84 II.I0 2.41

• *********t**_** OVERFLOW ENCOUNTERED AT 26.00 CFS DISC3_ARGE ***_****_*_t*_**

PIPE N0.43: 258 LF - 30"CP @ 0.19% OUTLET: 243.03 INLET: 243.51 INTYP: 5 --"

JUNC N0.43: OVERFLOW-EL: 250.00 BEND: 0 DEG DIA/WIDTE: 4.5 Q-RATIO: 0.00 )

Q(CFS) HW(FT) RWELEV. * N-FAC DC DN TW DO DE RT/O RWI

14.00 1.99 245.50 * 0.012 1.26 1.59 2.00 2.00 1.79 1.99 1.71

16.00 2.18 245.69 * 0.012 1.36 1.75 2.19 2.19 2.01 2.18 1.83

18.00 2.59 246.10 * 0.012 1.44 1.93 2.55 2.55 2.48 2.59 1.95

20.00 3.45 246.96 * 0.012 1.52 2.17 3.27 3.27 3.32 3.45 2.06

22.00 5.47 248.98 * 0.012 1.60 2.50 5.15 5.15 5.30 5.47 2.17

24.00 6.49 252.80 * 0.012 1.67 2.50 8.82 8.82 9.09 9.29 2.28

• *"******t****** OVERFLOW'ENCOUNTERED AT 24.00 CFS DISCHARGE ****"**t**_*"****

PIPE N0.44: 262 LF - 30"CP @ 0.19% OUTLET: 243.51 INLET: 244.00 INTYP: 5

These results are at the bypass pipeline inlet at Northwest Ponds
Q(CFS) EW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO RWI

14.00 2.10 246.10 * 0.012 1.26 1.59 1.99 1.99 1.77 2.10 1.83

16.00 2.34 246.34 _ 0.012 1.36 1.75 2.18 2.18 2.00 2.34 2.00

18.00 2.84 246.84 * 0.012 1.44 1.92 2.59 2.59 2.53 2.84 2.16

20.00 3.88 247.88 * 0.012 1.52 2.16 3.45 3.45 3.49 3.88 2.32

22.00 6.09 250.09 * 0.012 1.60 2.50 5.47 5.47 5.62 6.09 2.48

24.00 7.32 251.32 • 0.012 1.67 2.50 6.49 6.49 6.76 7.32 2.64

26.00 7.77 251.77 * 0.012 1.74 2.50 6.71 6.71 7.12 7.77 2.80

28.00 8.15 252.15 * 0.012 1.81 2.50 6.85 6.85 7.40 8.15 2.97
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Hydraulic modeling of bypass pipeline
"Alternative 2 - Bypass from Pond"

BACKWATER COMPUTER PROGRAM FOR PIPES

Pipe clara from file:_yeebyp4.bwp

Discharge Range:14. to 28. Step of 2. [cfs]

Overflow Elevation:276. Feet (At Tyee Pond)
Broad Crested Weir: Length:S0. feet, Height:0.1 feet

Upstream Velocity:0.1 feet/sec

Results for Pipes 1.3d were not included, because they are Identical to the model included for
Alternative 1.

PIPE N0.35: 324 LF - 24"CP • 1.85% OUTLET: 223.67 INLET: 229.67 INTYP: 5

JUNC N0.35: OVERFLOW-EL: 244.17 BEND: 7 DEG DIA/WIDTH: 6.0 Q-RATIO: 0.00

Junction 35 is MH 372 on the south side of S. 200mSt

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.83 231.50 _ 0.012 1.35 0.91 1.85 1.85 1.35 t_* 1.83

16.00 1.97 " 231.64 * 0.012 1.45 0.98 2.03 2.03 1.45 _"*** 1.97

18.00 2.14 231.81 * 0.012 I.$3 1.05 2.23 2.23 1.53 ***** 2.14
20.00 2.33 232.00 * 0.012 1.61 1.12 2.65 2.65 1.61 _*"_ 2.33

22.00 2.54 232.21 * 0.012 1.68 1.19 5.09 5.09 1.68 ***** 2.54

24.00 6.27 235.94 * 0.012 1.74 1.26 8.67 8.67 5.78 6.27 2.77

26.00 8.06 237.73 * 0.012 1.79 1.33 9.84 9.84 7.49 8.06 3.03

28.00 9.89 239.56 * 0.012 1.83 1.41 II.00 II.00 9.23 9.89 3.30

PIPE N0.36: 400 LF - 24"CP @ 1.56% OUTLET: 229.67 INLET: 235.90 INTYP: 5

JUNC N0.36: OVERFLOW-EL: 244.00 BEND: 49 DEG DIA/WIDTH: 4.0 Q-RATIO: 0.00

Junction 36 is new manhole at the south end of the golf course (CB6)

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI
it t/rt ttllr ll_tt tttt t tttttt tttt ttttttttt*ttttttttt ttttttt t t tttt t t t t t t.tttt tt .ttt tttt

14.00 2.06 237.96 * 0.012 1.35 0.95 1.83 1.83 1.35 ***** 2.06
16.00 2.27 238.17 * 0.012 1.45 1.03 1.97 1.97 1.45 ***** 2.27

18.00 2.52 238.42 * 0.012 1.53 I.II 2.14 2.14 1.53 *""** 2.52

20.00 2.79 _ 238.69 * 0.012 1.61 1.18 2.33 2.33 1.61 ***"_ 2.79

22.00 3.10 239.00 * 0.012 1.68 1.26 2.54 2.54 1.68 _**** 3.10

24.00 5.04 240.94 * 0.012 1.74 1.34 6.27 6.27 3.88 5.04 3.44

26.00 7.69 243.59 * 0.012 1.79 1.42 8.06 8.06 6.33 7.69 3.81

28.00 8.10 246.36 * 0.012 1.83 1.51 9.89 9.89 8.89 10.46 4.21
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PIPE N0.37: 50 LF - 30"CP @ 0.30% OUTLET: 236.00 INLET: 236.15 INTY_: 5 !

JUNC NO.37: OVERFLOW-EL: 244.00 BEND: 45 DEG DIA/WIDTH: 4.0 Q-RATIO: 0.00

Junc_on 37 is CB5
Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 2 07 238.22 * 0.012 1.26 1.36 1.96 1.96 1.85 2.07 1.75

16.00 2 28 238.43 * 0.012 1.36 1.48 2.17 2.17 2.06 2.28 1.89

18.00 2 54 238.69 * 0.012 1.44 1.60 2.42 2.42 2.33 2.54 2.03

20.00 2 88 239.03 _ 0.012 1.52 1.73 2.69 2._9 2.65 2.88 2.16

22.00 3 25 239.40 * 0.012 1.60 1.87 3.00 3.00 2.98 3.25 2.29

24.00 5 26 241.41 * 0.012 1.67 2.02 4.94 4.94 4.93 5.26 2141

26.00 7 85 244.15 * 0.012 1.74 2.27 7.59 7.59 7.61 8.00 2.54
• ****-********** OVERFLOW ENCOUNTERED AT 26.00 CFS DISCHARGE .******t**t*t****

PIPE N0.38: 225 LF - 30"CP @ 0.30% OUTLET: 236.15 INLET: 236.82 INTYP: S

JUNC N0.38: OVERFLOW-EL: 247.00 BEND: I0 DEG DIA/WIDTH: 4.0 0-RATIO: 0.00

Junction 38 is CB4

Q(CFS) HW(FT) HW _._V. * N-FAC DC DN TW DO DE 131(0 RWI

14.00 1.90 238.72 * 0.012 1.26 1.37 2.07 2.07 1.61 1.90 1.71

16.00 2.08 238.90 * 0.012 1.36 1.49 2.28 2.28 1.84 2.08 1.84

18.00 2.35 239.17 * 0.012 1.44 1.61 2.54 2.54 2.19 2.35 1.96

20.00 2.81 239.63 * 0.012 1.52 1.74 2.88 2.88 2.67 2.81 2.07

22.00 3.31 240.13 * 0.012 1.60 1.87 3.25 3.25 3.14 3.31 2.18

24.00 5.45 242.27 * 0.012 1.67 2.03 5.26 5.26 5.25 5.45 2.29

26.00 8.19 245.01 * 0.012 1.74 2.30 7.85 7.85 7.95 8.19 2.39 ;

28.00 8.58 245.40 * 0.012 1.81 2.50 8.07 8.07 8.30 8.58 2.49

PIPE NO.39: 300 LF - 30"CP @ 0.30% OUTLET: 236.82 INLET: 237.72 INTYP: 5

JUNC N0.39: OVERFLOW-EL: 250.00 BEND: 0 DEG DIA/WIDTH: 4.0 Q-RATIO: 0.00

Junction 39 is CB3

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.85 239.57 * 0.012 1.26 1.36 1.90 1.90 1.40 1.85 1.71

16.00 1.98 239 70 * 0.012 1.36 1.48 2 08 2.08 1.58 1.98 1.83

18.00 2.15 239 87 * 0.012 1.44 1.60 2 35 2.35 1.87 2.15 1.95

20.00 2.65 240 37 * 0.012 1.52 1.73 2 81 2.81 2.52 2.65 2.06

22.00 3.30 241 02 * 0.012 1.60 1.87 3 31 3.31 3.14 3.30 2.17

24.00 5.62 243 34 * 0.012 1.67 2.02 5 45 5.45 5.43 5.62 2.27

26.00 8.54 246 26 * 0.012 1.74 2.27 8 19 8.19 8.32 8.54 2.37

28.00 9.13 246 85 * 0.012 1.81 2.50 8 58 8.58 8.87 9.13 2.47

tyeebyp4.doc 2
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PIPE N0.40: 200 LF- 30"CP • 0.30% OUTLET: 237.72 INLET: 238.32 INTYP: 5

JUNC NO.40: OVERFLOW-EL: 250.00 BEND: 41 DEG DIA/WIDTH: 4.0 Q-RATIO: 0.00

Junction 40 is CB2
Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

t *t*t***_ t t ******_*tt t **_***********tt*t*tttt ***tt****t*t t***t* t*t t** tit _ _ttt_

14.00 1.77 240.09 * 0.012 1.26 1.36 1.85 1.85 1.47 1.77 1.63

16.00 1.88 240.20 * 0.012 1.36 1.48 1.98 1.98 1.63 1.88 1.73

18.00 2.00 240.32 * 0.012 1.44 1.60 2.15 2.15 1.83 2.00 1.82

20.00 2.44 240.76 * 0.012 1.52 1.73 2.65 2.65 2.44 2.41 1.90

22.00 3.20 241.52 * 0.012 I_60 1.87 3.30 3.30 3.20 3.16 1.97

24.00 5.60 243.92 * 0.012 1.67 2.02 5.62 5.62 5.60 5.56 2.03

26.00 8.63 246.95 * 0.012 1.74 2.27 8.54 8.54 8.63 8.57 2.09

28.00 9.32 247.64 * 0.012 1.81 2.50 9.13 9.13 9.32 9.26 2.14

PIPE NO.41: I00 LF - 24"CP • 0.30% OUTLET: 238.32 INLET: 238.62 INTYP: 5

JUNC NO.41: OVERFLOW-EL: 252.00 BEND: 6 DEG DIA/WIDTH: 8.0 Q-RATIO: 0.00

Junc_on 41 is the 96" structure near the creek

Q(CFS) HW(FT) HW _t._V. * N-FAC DC DN TW DO DE HWO HWI

14.00 2.29 240.91 * 0.012 1.35 1.73 1.77 1.77 1.77 2.29 2.14

16.00 2.58 241.20 * 0.012 1.45 2.00 1.88 1.88 1.98 2.58 2.36

18.00 3.00 241.62 * 0.012 1.53 2.00 2.00 2.00 2.24 3.00 2.64

20.00 3.74 242.36 * 0.012 1.61 2.00 2.44 2.44 2.81 3.74 2.94

22.00 4.84 243.46 * 0.012 1.68 2.00 3.20 3.20 3.71 4.84 3.28

24.00 7.61 246.23 * 0.012 1.74 2.00 5.60 5.60 6.26 7.61 3.65

26.00 11.04 249.66 * 0.012 1.79 "2.00 8.63 8.63 9.45 11.04 4.05
28.00 12.17 250.79 * 0.012 1.83 2.00 9.32 9.32 10.33 12.17 4.48

PIPE N0.42: 460 LF - 72"CP @ 3.40% OUTLET: 243.18 INLET: 258.80 INTYP: 5

(The s_e of the pipe leaving Tyee Pond needs to be checked. Survey shows _ _ 72_ But _ doesn_
affect the st_ng of the downstream pipes. _ does affect the headwater results below.)
Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

_*t*t*t***t*************t*****t******t**tt.tt**t.t.t***ttt****t****t***ttt.tt.

14.00 1.22 260.02 * 0.012 0.98 0.54 0.00 0.54 0.98 ***** 1.22

16.00 1.31 260.11 * 0.012 1.05 0.58 0.00 0.58 1.05 ***** 1.31

18.00 1.40 260.20 * 0.012 1.12 0.61 0.00 0.61 1.12 ***** 1.40

20.00 1.49 260.29 * 0.012 1.18 0.64 0.00 0.64 1.18 ***** 1.49

22.00 1.57 260.37 * 0.012 1.24 0.67 0.28 0.67 1.24 **t** 1.57

24.00 1.64 260.44 * 0.012 1.29 0.70 3.05 3.05 1.29 ***** 1.64

26.00 1.72 260.52 * 0.012 1.35 0.73 6.48 6.48 1.35 *tt.t 1.72

28.00 1.79 260.59 * 0.012 1.40 0.75 7.61 7.61 1.40 ***** 1.79

tyeebyp4.doc 3
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Hydraulic modeling of bypass pipeline
"Alternative 3 - Bypass from Approach Light Road"

BACKNATER COMPUTER PROGRAM FOR PIPES

Pipe data from file:approach.bwp

Discharge Range:14. Co 28. Seep of 2. [cfs]

Overflow Elevanion: 255. Fee_ (Berm B at Approach Light Road)

Broad Crested weir: Leng_h:ll0. feet, Height:0.1 feet

Upstream Velocity: 0. I feet/sec

Results for Pipes 1.34 were not included, because they are identical to the model included
for Alternative 1.

PIPE N0.35: 324 LF- 24"CP @ 1.85% OUTLET: 223.67 INLET: 229.67 INTYP: 5

JUNC N0.35: OVERFLOW-EL: 244.17 BEND: 7 DEG DIA/WIDTH: 6.0 Q-RATI0: 0.00

Junction 35 is MH 372 on the south side of S. 200_ St

0(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.83 231.50 * 0.012 1.35 0.91 1.85 1.85 1.35 t***, 1.83

16.00 1.97 231.64 * 0.012 1.45 0.98 2.03 2.03 1.45 ***** 1.97
18.00 2.14 231.81 * 0.012 1.53 1.05 2.23 2.23 1.53 ***** 2.14

20.00 2.33 232.00 * 0.012 1.61 1.12 2.65 2.65 1.61 ***** 2.33

22.00 2.54 232.21 * 0.012 1.68 i.19 5.09 5.09 1.68 ***** 2.54

24.00 6.27 235.94 * 0.012 1.74 1.26 8.67 8.67 5.78 6.27 2.77

26.00 8.06 237.73 * 0.012 1.79 1.33 9.84 9.84 7.49 8.06 3.03

28.00 9.89 239".$6 * 0.012 1.83 1.41 II.00 II.00 9.23 9.89 3.30

PIPE N0.36: 400 LF- 24"CP • 1.56% OUTLET: 229.67 INLET: 235.90 INTYP: 5

JUNC I;0.36: OVERFLOW-EL: 244.00 BEND: 26 DEG DIA/WIDTH: 4.0 Q-RATIO: 0.00

Junction 36 is new manhole at the south end of the golf course (CBS)

Q(CFS) HW(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.87 237.77 * 0.012 1.35 0.95 1.83 1.83 1.35 ***** 1.87

16.00 2.02 237.92 * 0.012 1.45 1.03 i._7 1.97 1.45 ***** 2.02

18.00 2.21 238.11 * 0.012 1.53 ' I.II 2.14 2.14 1.53 _*_** 2.21

20.00 2.41 238.31 * 0.012 1.61 1.18 2.33 2.33 1.61 "*"** 2.41

22.00 2.64 238.54 * 0.012 1.68 1.26 2.54 2.54 1.68 ***** 2.64

24.00 4.49 240.39 * 0.012 1.74 1.34 6.27 6.27 3.88 4.49 2.89

26.00 7.05 242.95 * 0.012 1.79 1.42 8.06 8.06 6.33 7.05 3.17

28.00 8.10 245.61 * 0.012 1.83 1.51 9.89 9.8% 8.89 9.71 3.46

approach.doc 1
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PIPE NO.37: 30 LF - 24"CP • 0.60% OUTLET: 236.00 INLET: 236.18 INTYP: 5 - (,

JUNC N0.37: OVERI_LOW-EL: 244.00 BEND: 40 DE(3 DY.A/WII)TH: 4.0 Q-RATIO: 0.00

Junction 37 is CB4

O (CFS) IIW (FT) I3W ELEV, * N-FAC DC DN TW DO DE RWO _
• * *t.Q** * *****t* ** *** **_tr t *******_t*_r* **** *IIP_*Q*QO*t*Q_t*_9_QQtQWQ***t_********

14.00 2.03 238.21 * 0.012 1.3S 1.28 1.77 1.77 1.64 2.03 1.93
i

16.00 2.21 238.39 * 0.012 1.45 1.41 1.92 1.92 1.83 2.21 2.09

18.00 2.51 238.69 * 0.012 1.53 1.56 2.11 2.11 2.09 2.51 2.29

• 20.00 2.85 239.03 * 0.012 1.61 1.76 2.31 2.31 2.33 2.85 2.52

22.00 3.23 239.41 * 0.012 1.68 2.00 2.54 2.54 2.61 3.23 2.77
24.00 5.24 241.42 * 0.012 1.74 2.00 4.39 4.39 4.50 5.24 3.04

26.00 7.82 244.16 * 0.012 1.79 2.00 6.95 6.95 7.11 7.98 3.34

• ***'_****_***_* OVERFLOW ENCOUNTERED AT 26.00 CFS DISCHARGE *t****t_*_*_.t***

PIPE N0.38: 320 LF - 24"CP @ 0.59% OUTLET: 236.18 INLET: 238,08 INTYP: 5

JUNC N0.38: OVERFLOW-EL: 250.00 BEND: 0 DEG DIA/WIDTII: 4.0 Q-RATIO: 0.00

Junction 38 is CB3

Q (CFS) HW (FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.83 239.91 * 0.012 1.35 1.29 2.03 2.03 1.35 ,t*** 1.83

16,00 2.03 240.Ii * 0.012 1.45 1.42 2.21 2.21 1.58 2.03 1.97

18,00 2.61 240.69 * 0.012 1.53 1.57 2.51 2.SI 2.34 2.61 2.14

20.00 .3.41 241.49 * o.o12 1.61 1.78 2.es 2.es 3.o8 3.41 2.33 .-_
22.00 4.31 242.39 * 0.012 1.68 2.00 3.23 3.=3 3.9z 4.31 2.s4 _ .
24.00 6.88 244.96 * 0.012 1.74 2.00 5.24 S.24 6.41 6.88 2.77 _'_,_/
26.00 10.08 248,16 * 0,012 1.79 2.00 7.82 7.82 9.$2 10.08 3.02

28.00 10.96 249.04 * 0.012 1,B3 2.00 8.04 8.04 10.32 10.96 3.29

PIPE N0.39: 320 LF - 24"CP @ 0.59% OUTLET: 238.08 INLET: 239.97 INTYP: S

JUNC N0.39: OVERFLOW-EL: 252.00 BEND: 4 DEG DIA/W_DTH: 4.0 Q-RATIO: 0.00
Junc_on 39 is CB2

O(CFS) 13W(FT) HW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 1.84 241.81 * 0.012 1.35 1.29 1.83 1.83 1.35 ***** 1.84

16.00 1.98 241.95 * 0.012 1.45 1.42 2.03 2.D3 1.45 ***-* 1.98

18.00 2.72 242.69 * 0,012 I.$3 I.$7 2.61 2.61 2.45 2.72 2.15

20.00 3.99 243.96 * 0.012 1,61 1,79 3.41 3.41 3.65 3.99 2.34

22.00 5.40 245.37 * 0,012 1.68 2.00 4.31 4.31 4.99 5.40 2.55

24.00 8.54 248.51, * 0.012 1.74 2.00 6.88 6.88 8.06 8.54 2.78

26.00 12.03 252.32 * 0.012 1.79 2.00 10.08 10.08 11.79 12.35 3.03
• *****t**_.._** OVERFLOW EN_O_ AT 26.00 CFS DISCHARGE ******"**"*******
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PIPE NO.40: 246 LF- 24"CP • 0.59% OUTLET: 239.97 INLET: 241.42 INTYP: 5

JUNC NO.40: OVERFLOW-EL: 252.50 BEND: 43 DEG DIA/WIDTH: 4.5 Q-RATIO: 0.00

Junction 40 is CB1

Q(CFS) HW(FT) RW ELEV. * N-FAC DC DN TW DO DE HWO HWI

14.00 2.06 243.48 * 0.012 1.35 1.29 1.84 1.84 1.35 ,,,,t, 2.06

16.00 2.26 "243.68 * 0.012 1.45 1.42 1.98 1.98 1.45 **_** 2.26

18.00 3.23 244.65 * 0.012 1.53 I.$7 2.72 2.72 2.60 3.23 2.51

20.00 4.96 246.38 * 0.012 1.61 1.79 3.99 3..99 4.17 4.96 2.78

22.00 6.88 248.30 * 0.012 1.68 2.00 5.40 5.40 5.93 6.88 3.09

24.00 10.58 252.00 * 0.012 1.74 2.00 8.54 8.54 9.45 10.58 3.42

26.00 11.08 256.09 * 0.012 1.79 2.00 12.03 12.03 13.35 14.67 3.78

"**_'*""**t"""*** OVERFLOW ENCOUI_'_cED AT 26.00 CFS DISCHARGE *"""""**""**"*""*

PIPE NO.41: 222 LF - 30"CP • 0.26% OUTLET: 241.42 INLET: 242.00 INTYP: 5

These results are at the bypass pipeline inlet at Northwest Ponds

Q(CFS) HW(FT) HW _T._V. * N-FAC DC DN TW DO DE HWO HWI

14.00 2.05 244.05 * 0.012 1.26 i.42 2.06 2.06 1.68 2.05 1.83

16.00 2.28 244.28 * 0.012 1.36 1.55 2.26 2.26 1.92 2.28 2.00

18.00 3.33 245.33 * 0.012 1.44 1.68 3.23 3.23 3.02 3.33 2.16

20.00 5.21 247.21 * 0.012 I.$2 1.83 4.96 4.96 4.83 5.21 2.32

22.00 7.31 249.31 * 0.012 1.60 1.99 6.88 6.88 6.84 7.31 2.48

24.00 11.20 253.20 * 0.012 1.67 2.21 10.$8 10.58 10.64 11.20 2.64

26.00 11.91 253.91 * 0.012 1.74 2._0 11.08 11.08 11.26 11.91 2.80

28.00 12.36 254.36 * 0.012 1.81 2.50 11.30 11.30 11.61 12.36 2.97

approach.doc 3
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1. INTRODUCTION

This report presents the findings of a geotechnical investigation camed

out in support of the Des Moines Regional Retention/Demntion Faciliw

project. The purpose of the investigation was to conduct a pmlimm_.

assessment of hhe foundation conditions at proposed locations for two

stormwater remntion/detention berms.

The investigation was carried out under the direction of Don Althauser of

the King County Wasmwater Treatment Division. Sitka Corp was

retained to provide geotechnical consultation for the investigation, as

outlined in King County's Request for Services, dated September 29, 1998.

These services included guidance to King County in setting out the

investigation plan and interpretation of the results.

2. PROJECT AND SITE DESCRIFTION

The site is located between Sea-Tads runway 34R and South 200a_Street.

The proposed detention area lies within the boundaries of the Tyee Golf

Course (see Figure 1).

The project involves construction of two earth berms for the purpose of

temporary stormwater retention/detention within the west fork of the

Des Moines Creek drainage basin. The berms will be constructed to a

maximum height of approximately 6 feet and will extend 700 to 900 feet

across the valley bottom.

The western berm will be constructed near the outlet of the Northwest

Ponds,locatedto thenortheastof S.196_ Street Two alternativesites

have been identified for this berm (Berms I and 2). The eastberm willbe

constructedalongApproach LightRoad (Berm3).

9436 NE 129th Place SITKA CORP T_ (425) 820-77'91I_Tlrk_r_.WA g8034
Fax (425) 823-5476
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The sitetopography isrelativelylevelacrossthe valleybottom at an P

elevationofapproximately250feet,and slopesup gentlytothenorthand

more steeplytothesouthattheabutments.Thereislittleforestedareain

thevicinityoftheb_..,sand vegetationiscomprisedmostlyofthegrass-

coveredfairwaysoftheTyeeGolfCourse.

3. GEOTECLINICAL INVESTIGATIONS

3.1 Existing Information

,Existingdata were reviewed from prior subsurfaceinvestigations

conductedin thevicinityoftheprojectarea. The findingsfrom these

investigationsprovide some insightinto the geologic/geotechrtical

conditionssurroundingthesitearea,but includelimitedinformationin

the immediate vicinityof the proposed _.,_s. A listingof the data

sourcesreviewed,along with other pertinentprojectinformation,is

providedintheReferencessectionofthisreport. _._,

32 1998 Detention FacilityF_,xplomtions

This pr_l_minaryinvestigationfocusedon character_g the sufficial

foundationconditionsalongtheproposedberm alignments.Severaltest

holeswere advanced ateach bm_ site(seeFigure1). The explorations

included12 shallowborings,2 hand dug testholes,and 2 peatprobes.The

fieldworkwas carriedout on October26-27,1998 by the King County

MaterialsLaboratory,in coordinationwith si_,aCorp. The datafrom

theirinvestigationwas issuedon December 9,1998 and isincludedin

Appendix I tothisreport

The boringswere completedtoa maximum depth of15 feet,usinga 12-

inchdiam=te_open flightpower auger(boringsBI throughB12). Bulk

samples were taken from the auger flightsat approximately3-foot

SITKA CORP
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intervals for class£fica_on and laboratory testing. In addition, 2 hand

auger test holes (HA-I and HA-2) and 2 peat probes (P-I and po2) were

completsd. Laboratory testing included natural moisture content, grain

size, and Atterberg limit analyse_ Boring logs were prepared for each test

hole and are included in Appendix 1.

3.3 Subsur/ace Conditions

The subsurface conditions for hhe west berm sites 03erms I and 2) are

similar, consisRng of fin overlying a thick peat deposit and deeper

granular deposits. Fi]] is also present along the east berm al/gnment

(Berm 3), butisunderlainby a thick clay deposit,ratherthanpeat. The

limited information from this investigation, along w/th other studies in the

area, suggests that dense granular outwash and till deposits are present

beneath the peat and clay deposits. Additional details of the subsurface

conditions axeprovided in the foriowing paragraphs.

B..... 1

Along the Berm I alignment, the surficial fill thickness ranges from about

3 feet in the center of the basin, to 6.5 to 8.5 feet at the north and south

abutments, respectively. The 811is loose to medium dense. At the south

end of the alignment, the fill consists of silty sand/sandy silt and sand

with silt 033, HA-l). Toward the north end of the alignment the fill

includes zones of silty gravel, silty sand with gravel and sand with silt

and gravel 032, B1). Relatively dean sand and gravel zones were also

encountered in flae fill at test holes HA-2 and B1, respectively.

A thick peat deposit is present beneath the fill along the entire Berm 1

alignment. The flxickness of the peat deposit is greatest at the south end of

the alignment (B3, F1, HA-l, I-LA-2), where a maximum thickness of 13.5

feet was recorded. Due to limitations on the drilling depth, the bottom of

SITKA CORP
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thepeatzone was notprovenatthesetestholes.Thus,thetotalthickness .--
f

ofthepeatzoneisnotknown. At thenorthend ofBerm I,thepeattapers

toa thicknessofabout1.5feet032and B1)and isunderlainbv a thinclay

deposit.Beneaththe clay,granulardepositsarepresent,consistingof

loosetomedium densesand withvaryingamounts ofgraveland silt,and

stiffclay/sandmixtm_s.

Groundwater was encounteredin3 oftheBeam I testholes(I-IA-1,HA-2"

and B2), at depths ranging from 1.5 to 5 feet below the ground surface

(elevations248.0to248.5feet).

Berm 2

Along Berm 2,thefillthicknessrangesfrom about1.5feetinthecenterof

the basin, and 8.5to 9.0 feet at the south and north abutments,

respectively. The fill is loose to medium dense and generally consists of

siltysand,sandy silt,and sand with silt033,B4,BS,B6,B7,B8). At the !__)

north end of the aligxtment, cleaner sand and gravel zones are present 037,

BS).

Similar to Berm 1, a thick peat deposit is present beneath the fill The

thickness of the Peat is greatest at the south end of the alignment 033, P2,

and B4), where a maximum thickness of 14 feet was recorded. Due to

linlitationson the drfllivtgdepth,thebottom of the Peat zone was not

proven atthesetestholes.Inthecentraland northernsectionsofBerm I,

thepeattaperstoa thicknessrangingfrom about6 to8 feet035,B6,B7).

Peatwas notencounteredinthenorthernmost testhole038).

At test holes BS, B6, and B7, the peat is underlain by granular deposits of

loose to medium dense sitly sand, and relatively dean sand/gravel

SITKA CORP
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mixtures. A soft to stiff clay layer was encountered beneath the granular

deposits at test holes B5 (LLo29, PI=8) and B7 (-t.L=33, PI=12).

Groundwater was encountered in 3 of the Berm 2 _ holes 035, B6, and

BS), at depths ranging from 3.0 to 8.0 feet below the ground surface

(elevations 245.5 to 248.0).

Be._m 3

Surficial fill materials are also present along the Berm 3 alignment,

ranging in thickness from about 1.0 foot in the center of the basin, to 4.0

feet at the south abutment 0311) and 6.5 feet at the north abutment 039).

The fill gradation varies from sandy silt to relatively clean sand/gravel

mixtures. The fill is generally soft/looseto stiff/medium dense.

The fill at Berm 3 is underlain by a relatively thick soft to medium stiff low

plastic day deposit (LL = 23 to 48; FI = 5 to 26). The upper portion of the

clay deposit has some sand _nd/or occasional sand lens_ 039, B10, B12).

The clay deposit ranges in thickness from 4.5 feet at the south abutment

0312), to more than 14 feet m the central basin and at the north abutment

039, B10). Due to limitations on the chn11_ugdepth, the bottom of the clay

zone was not proven in these later test holes. At the south end of the

alignment, test holes Bll and B12_ a granular deposit of medium dense

sand with silt/clay was encountm_._d beneath the clay unit.

Groundwater was encountm_.,d in 2 of the Berm 3 test holes 039 and B12),

at a depths of 10.5 and 7.0 below the ground surface, respectively

(elevations 246.0 241.5 feet).

4. CONCLUSIONS AND RECOMMENDATIONS

Based on the preliminary investigations conducted for this study along

with information from the other investigations in the area, it appears that

SlTKACORP
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thesubsurfaceconditionsaresui_bleforcor_t_uctionof the proposed r

retention/detentionberms, provided that the followingfactorsare

consideredinpreparationoftheberm designs.

4.1 Foundation Preparation and Slope Stability

The structuralstabilityoftheberms and associatedappurtenantstructures

willdepend on thestrengthofthefoundationsoils,thefillmaterialsthat

areused,and anyfoundationimprovementmeasurestakeru

As discussedinSection4_3,thestrengthofthefoundationsoilswillneed

to be determinedduringthe designphase of the projectby means of

furtherexplorations,laboratorytestingand/orengineeringanalyses.

Given thepresenceofthethickpeatdepositsatthewest berm sites,there

would be li_lebenefitto removing the overlyingfillmaterialsforthe

purpose of improvingthe subgrade conditions.However, in some _,

locations,the existingflUmay need to be replacedto limiteddepthsto

improve thepermeabilRycharacteristicsofthefoundatiorLFor theeast

herin,itmay be practicabletoremove theexistingfilland constructthe

berm overtheunderlyingclaylayerand lesspermeablenaturaldeposits

atthenorthabutment

Geosyntheticreinforcementmaterials(geotextileor geogrid)may alsobe

incorporatedoversoftsubgradeareasatboth berm sitesto improve the

foundationconditions.The centralsectionsof the berm alignments,

where the fillthicknessisthe least,may benefitmost from the use of

geosynthetics.The type and strengthof geosyntheticsrequiredwill

depend on thegradationand strengthofthesubgradesoiland anticipated

loading.

srrKA CORP
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The foundation preparation requirements for the appurtenant structures

(low level outlet pipes, manholes, vaults, spillway, etc.) will also depend

on the strengthof the sub_'ade soiland estimatedloading. W'here

structuresmust be placedoverrelativebflooseorsoftsubgradesoils,the

requiredfoundationsupportmay be providedby sub-excavationand

replacementwith compacted granularsofts,a reinforcedconcrete

foundation,and/ordrivenRmber orsteelpiles.

Once theappropriatesubgradepreparationmeasureshave been selected,

thegeometry ofthe berms can be determined.The embankments will

need to be designed in accordance with the Wash/ngton State Depa_Lent

of Ecology,Dam SafetySection's"Dam SafetyGuidelines", and must

include provisions to ensure adequate upstream and downstream slope

stability',seepagecontrol,filtercompatibility,erosioncontrol,emergency

flowcontrol,and freeboard.

4.2 Settlement

The peat deposit at the west _..L location w/ll be susceptible to

settlementduringand afterconstruction,althoughsome consolidationhas

likelyoccurredalreadyunderthepresentfillloading.The claydepositat

theeastberm may alsobe susceptibleto settlement,though to a lesser

extent. The amount of settlement wRI need to be estimated as part of the

design phase for the berms.

Provisions must be included m the designs to ensure that the minimum

dam crest elevations are maintained under maximum anticipated

settlements, and that differential settlements do not impact the integrRy or

performance of the embankment or appurtenant structures.

SlTKA CORP
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In addition,the designsshould addresspossibleconstructioninduced -
{

porepressuresand associatedimpactson slopes_bility.Thiscondition

can be addressedby controllingthe rateof constructionto keep excess

porewaterpressuresatan acceptablelevd,alongwith drainagefeatures

toaccommodate possibleupward drainageofgroundwater.

4.3 Seepage

The exisRngfillmaterialsat both of the berm sitesincludezones of

relativelyclean(fz_edraining)soilswhich w_ be susceptibletoseepage

underrelativelylow head conditions.Inaddition,seepagemay alsooccur

throughthepeatzone beneaththewest bern_ Sincetheimpoundments

are designed to provide stormwater detention/retention, they can

accommodate some seepageprovided thatthe integzity of the structures is

maintained.The allowableseepageratewillneed tobe determinedaspart

of the design for the berms. As previously not_, certain subgrade ' i

preparation measu__s can be taken to reduce seepage, along with "'__

appropriate selection of embankment fill materials.

4.4 Further Investigations

The test holes completed for this study were limited in both aerial and

vertical extent. In addition, sampling and laboratory testing was

conducted only for the purpose of d_g the soils and providing a

preliminary assessment of the site =_=tigraphy.

Additional subsurface investigations and laboratory testing will likely be

necessary to complete the berm designs in order to: 1) delineate the

gradation, strength, and permeability charactexistics of the exis_ng fill

materials at both berm locations, 2) determine the depth, strength, and

settlement characteristics of the peat at the west berm location, 3)

determine the depth, strength, and consolidation characteristics of the soft

Srl"KA CORP
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clay zone at the east benn location, and 4) demnnme the geotL_mica]

design paramete_ of the embankment fill materiaL_.

The above information may be obtained by a variety of field explorataon

methods,includingtestpits,borings,standardpenetrationtests(SPTs),

conepenetrationtests(CPTs),and vane sheartests.Laboratorytestingto

determinenecessarygeotechnicaldesignparametersmay includenatural

moisturecontent,grainsizedistribution,bulk density,Atterberglimits,

moisture/densityrelationship,direct shear, triaxialshear, and

consolidation analyses. The specific requi_--ements for any future

investigations and testingwilldepend on the engineeringapproach taken

by the design engineer.

5. CLOSING

The objectives of this _ subsurface investigation have been

achieved. Sufficientgeotechnical dam was conected to assess the

suitabih'tyof the proposed dete_on/_et_Ltionberms. As discussed

herein,the proposed berm sitesappear to be suitable,provided that

appropriatedesignmeasuresaretakentomeet theprojectobjectives.

SITKA CORP
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D_ber 9, 1998

TO: Don Althauser, Senior Engineer, Water and Land Resources Division
,, /

VIA: Alan D. Coi_-/Matex'inls Engineer, Materials Laboratory,
Project Support Services

FlVi: Douglas_alters, Engineer, Materials Laboratory,
Project SuFgort Servi_s

RE: Des Mo_nesRegionaI Detention pond

As requested, we have completed geotechnical drillin_ at the Des Moines Regional

Detention Facility Project. The purpose of the drillln_ operation was to log the subsurface con- . r---_
ditio.s at the project site. In addition, _e soft -_-,,,les were collected and l,_amed w .__

_ J

our laboratory for identification and testing. The boring logs (plates A-1 through A-14) and as-

sociated laboratory test results are enclosed for yo_ review.

Subsurface conditionswereexploredbydrillingtwelve(12)boringswithintheprojectlimits
using a truck mounted MP-225 Open Flight Auger. Borin_*¢were advan_d to a maximum depth
of fffL-en (15) feet below the ground smfa_. In addition, two (2) hand auger holes and two (2)
peat probes were performed in areas not aex.essible to the drill truck. Approximate boring and
peatprobelocationsareindicatedon the enclosedsiteplan,FigureI,"Boring Locations".

Two peat probes were performed in the general area between Hand Auger I (HA-I) and Boring 3
03-3). Peat Probe 1 (P-l) was advan_d to a m_ximum nineteen (19) fegt below ground level,
the total length of the rod. P-2 was advanced seventeen (I 7) feet below ground level before
refusal on what may have been woody debris.

We trust this memorandum respondsadequately to your request. If you have questions, or ff you
require further clarification, please call me at 296-7708.

co: Thomas Harper,P.E.,Sitka Corp
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" ' KEY TO SYMBOLS
..... S_ol Description Symbol Description

_/r_ _--_ Elasnic silu

IIIIII
'_ _] Silt

IIIIIIH
Si!_y sand

Silty low plasticity_ Poorly graded gravel clay

':1
_.,_z_., Poorly graded sand

f..'.;'>."_.'_ with clay

M Pea_ _-.r.._._.:Crushed surfacing

Low plasticiuy I."."i'.i1

_ clay
Misc. Symbol s

.-7 Poorly graded sand _ The boring caved.,.

2:::::_

..'-{.._

_ Silty gravel _ Water table during
drilling

.__b__ Poorly graded sand

•_6":_;r_; with silt T End of Boring

_ Well graded sand
z_._:_ wi=h clay Sol! Samplers

Bulk sample taken
from 12 in. auger'.I_.. .

:i:i:i:,_ Well graded sand
:;:i:;:;:::lwiUh si!t

Bulk/Grab sample

Clayey sand

-_- i Low plasticity
organic silts
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KEY TO SYMBOLS

5. Exploratory borings were drilled on 10/26/98 using a 12-inch diameter _
open flight power auger. Exploratory test holes were excavated on
10/27/98 using hand augers.

2. Surface elevations for boring logs were interpolated from the King
County Department of Natural Resources "Tyee Creek-Seatac/Des Moines"
topography map.

3. These logs are subject to the limitations, c=nclusions, and
recommendations in this repot=.
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LOG OF BORING
BORING 1

PROJECT: Des Moines PJD DATE: 10/26198
ORING LOCATION Tyee Golf Course, Berm 1 START: N/A

'LL METHOD: MP-2.25 Open Power Auger FINISH: N/A
;., ,|LLER: King County .,MaterialsLaboratory LOGGER: DW

EPTH TO - Water: 8.5 Caving: 5.0' DATE CHECKED: 10/26/98

_'lrJLCZOli/ SOZ_,_OI, S _:. . NmJ_. -200 i
DCPI"_ AICDTZ_.D _

_--o Sod, .tppsoLLi ........ b...................................................................

.L iiili iiI oo==:.']!i

:-*t," G_ Graypoorly $xadedgravel witti sand,
" _ ", wet,loose.(fill)

|QB •

li*Q'_
=s0--f I::Dm_.I I

.... _ " B_.v,_._ L_, W_.v._ m_".... ..3

""_" Dad:brownpeat,wet,verysoft. 1

:4_. --_'.s _ 354.2

i . .c_.....G=y._y,__,_,_.t.t. ........

t. i:ioiii_ ,.,o.,
--: -: _ Gray poorly graded sand with gravel,

, ':'_-::] wet, loose to medium dtms¢.
, ,.,. _

42." ---Z2.$

;...-?-..-_

13.2

cL Gray clay with sandazctgravel, wet, _"_ LL-_
=,0 "= _ Stiff. ----.----- ....j tPI,=8 .. -

"_.S _._.S

,ring was _vanced in berm l. Groundwmer was¢ncoumeredm
;.., ,_.e_.

PLATE NUMBER A-1

== KING COUNTY' MATERIALS LABORATORY _
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LOG OF BORING
BORING 2

PROJECT: Des Moines RiD " DATE: 10/26/98
BORING LOCATION Tyee Golf Course, Berm 1 START: NIA ,-"7_-
DRILL METHOD: MP-225 Open Power Auger FINISH: NIA _
DRILLER: King County Materials Laboratory LOGGER:• DW
DEPTH TO - Water: 5.0' Caving: 6.0' DATE CHECKED: 10126198

--T- = :,=?SO Z._, ,S_mOZ.S
SY_BQZ,$ 0_ Denccd.pr..t.a= " Itamu¢_

_m.m_mmm.q_ji=

_T"° _:;: _ ....._...:...._son- -
"'=" J. _ ]3rov_siltygz-=v=t,_o=t,Zoo=to

! mediumd=me.(5it)
I
_2.5 _'1.,,. i. ! =,_r_.£_:i Gray poody gradedsandwith silt _n_

==o_- l_:_= _vel, wet,, looseto mcdimndc_s¢.

p=cl I_l
I L_'._I.'P'

=,_.s s ._. BrOV__ wet, vcz3rSOft.

24S "_" •

24_, S

" ...G...=...y.._..y,.._o_cs, wet,soft. LL=:9PI-S
Gray weU-graded,=,,,4with silt
gravel,wet, looseto mcd,tmndez_.

"_..S

" Gray clayey sand with. gravel, wet, LL-_
•_s _ stL-_. PI='ll

23T.S !Z7.S

235 7 --,---------"

]'he boring wG,_advanced in berm 1. Gmundwm_r wo,;encoumeredm
-5.0feet.

PLATE NUMBER A-2

KING COUNTY MATERIALS LABORATORY
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LOG OF BORING
BORING 3

-_OJECT: Des Moines R/D DATE: 10/26/98
"_ING LOCATION Tyee Golf Course, Berm 2 START: N/A

, LL METHOD: MP-22.5 Open Power Auger FINISH: N/A, rdLLER: King County Materials Laboratory LOGGER: DW
-_-PTHTO - Water: Caving: 5.0' DATE CHECKED: 10/26198

_ t_CS 9escxCpr._m (tl

o- -o _ SM Bmv,_ to gray silty sandwith lp_vel,
i trace oqpm_, moist, loose to medium

17.2 24.8

24' $ 2.s .!]

11.3 22.8

=4s -s [_* ._" Gray poorly graded sand with silt, wet,
i'_iil loose.(fdl?)
:_._._._
::_.r_
_Lrl

2.2.S' "'.S _'_; ' _'_ 20.9 8.7iii! °
PT Dark brown peat, wet, very soft.

), ,z0 132.4 "

23 _ 'L?, .5

493.8

_S 'ZS

232.5 'lV.S

boringwas advancedinbern 2. Thegrouna_atertable couldno;
b_ letermis_dduring.drilling.Severecavingofthebore_le
o_urredm -5.0fee_.

PLATE NUMBER A-3

KING COUNTY MATERIALS LABORATORY
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LOG OF BORING
BORING 4

PROJECT: Des Moines R/D DATE: 10/26/98
BORING LOCATION Tyee Golf Course, Berm 2 START: NIA
DRILL METHOD: MP-225 Open Power Auger FINISH: NIA -
DRILLER: King County Materials Laboratory LOGGER: DW
DEPTH TO - Water: Caving: 4.0' DATE CHECKED: 10126/98

i DJWACZ_/ SOTJ.$_aOTJ No,LIlt -200

-s_- Gray poorly g_ded _-d wi¢h dlt, ironSM - 19.1 9.4stained, w,_,.,loose m medimn derek.

_r Brown to dark brown peat, wet, very
soft. 16a.7

2.$

.$

502.1

:t.$

,_.o 627.4 --

-12.s -_
q

551.8

•],'7.S . I

Theboringwas advancedinberm2. Thegroundwmerrnblecouldnot
bedeterminedduringdrilling.Severecavingoftheborehole
occurredot -4.0feet.

PLATE NUMBER A-4

KING COUNTY MATERIALS LABORATORY
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LOG OF BORING
BORING B

r'_OJECT: Des Moines RK) DATE: 10126/98
"_RINGLOCATION Tyee Golf Course, Berrn 2 START: NIA

.L METHOD: MP-2.25 Open Power Auger FINISH: N/A
L,.,,LLER: King County Materials Laboratory LOGGER: DW
I =PTH TO - Water: 3.0' Caving: 4.0' DATE CHECKED: 10126198
t .'TA._'ZO_I SO'rL s-'ndaoz.s

SJUCP_ S'Z_BOT..$ t_CS Descz:qp,- _¢m NO2.S: -200
AICD _ "_'..S¢ _ (t) (t) itamsz'Jcs

: '" ° -7- ............. ...........:::...........................
SM Bzownm gray d]ty sand,moist, loose

........... tom=_mzdc=se.(fil])
0L Brownorganictilt intcm_ix_wi_ peat,

wet, soft. •
_4T - ---2.S

..

237.3

PT Brown to dark brown peat, we_ very
-s SOft. 1

. ' _ 463.1

m
42.5 - -7.5

°.

.. 703.1 "
............................................ , ................................ ,=

SM Gt'&y silt'y salld _ with bl'owll2_ - -10

, organics,wet, loose. -

153.9 28.6

F

-. -,_=.s.. "_ Grayclay,wez,soft.

.. 38.5 LL-29 PI-8

23S - -1S

..

;2.5 ---17.S

!

,ring was _,_vmzcedin berm 2. Grour,_mer wasencoumer_
3.c e_.

PLATE NUMBER A-B

.... KING COUNTY MATERIALS LABORATORY
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LOG OF BORING
BORING 6

PROJECT: Des Moines R/D DATE: 10126/98
BORING LOCATION Tyee Golf Course, Berm 2 START: NIA _--
DRILL METHOD: MP-225 Open Power Auger : FINISH: N/A
DRILLER: King County Materials Laboratory LOGGER: DW
DEPTH TO - Water: 5.5 Caving: 5.0' DATE CHECKED: 10/26/98

__ sOZL Sc_Boc.S I Nm.s= -200

moL_loosetomediumdeme.(_:dl)
2S0

_" 9.8 11.9

Brown todark brown peat, wet, very
soft

.$

285.9

-7.5

480.7 ""
)

"10

sP Gray poody graded sandwith gravel,
wet, loose to reed/urn dense. 17.2 3.0

"Z2.S

o..._

24.5

.1S

"I?.S

ZT_borzng was advanced in bern=2. Grommet was encmzntz,red
m -5.3fe_.

•. PLATE NUMBER A-6

KING COUNTY MATERIALS LABORATORY
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LOG OF BORING
BORING 7

PqOJECT: Des Moines RE) DATE: 10126/98
F )RING LOCATION Tyee Golf Course, Berm 2 START: N/A

"'.L METHOD: MP-225 Open Power Auger FINISH: NIA
.-LER: King County Materials Laboratory LOGGER: DW

[ "PTH TO - Water: Caving: 4.5' DATE CHECKED: 10126/98
7JL._'ZC_/ SO"rr- S'_EOT.,S l_:Lsr.. -200

.5)J_._J_ .5"Y}_OLS USCS ;_es_,.-a4==:.c= (t) "it) itemazks

'_-0 I_:_:e '_'_ .............................................................................SW- Gray _._r_/s_ _ v_J3, s_. and -

i 1_I SM gravel, loose, m_dium dense. (fiLl)

2S,_ -" _'_-'r'rt

• -2 ,S .r :.r Z.:_ 7.2 8.4 --•. _',",",':¢._

_'4" 4"4" i"':::;"

•-3 _ Brown to da_ brown peat., v,_, v_ry
.. soft.
o,

;267.2

" -7.5

..

t • ,494.8

• ?' -ZO _

'! !';i!;i sP Gray poorly graded sand with gravel,wet., loose W medium dense...... q

a,o-- "'_"_

c_ Gray clay, wet, stiff.

30.S ;LL,,33
_'" "" PI=12

• --I.S

2" --

• --_.7.5

_ring woJ advanced in berm 2. Water seepage was noted at -13.0
"e= The groundwater table, however,could nor be determined due
:o , e caving of the borehole at -4.5feet.

PLATE NUMBER A-7

KING COUNTY MATERIALS LABORATORY
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LOG OF BORING
BOmNG 8

PROJECT: Des Moines R/D DATE: 10/26/98
BORING LOCATION Tyee Golf Course, Berrn2 START: N/A
DRILL METHOD: MP-225 Open Power Auger FINISH: NJA _
DRILLER: King County Materials Laboratory LOGGER: DW ....
DEPTH TO - Water: 8.0' Caving: 6.0' DATE CHECKED: 10/26198
l;_'lt_'_Cll/ SOTJ.S'_m(:_bs _lmmc -200

• _ _ OSCS _es_ClpcJLcm (t) (t) IUmmxt_

-o _ sP Graypoodygraded_,d with IF4ve],
.-.-!--: moist, loose_m med_ dense. (fill?)
':'"._::t
-:::-:

!.i-:!-":]
-:::'._

SM Darkgrayishbrownsiltysandwith
gr_vcl, wet, loose. _s.s 12.e

-_.s _" Darkgraypoody_-aded_.awiresilt _
_d grave,I,wet,loose to medimn dense.

.--" 12.1 6.3 .-'-'_
t°

• sM Gray silty sand with gravel, trace
_-ga_i_, wet, loose to medium dense.

23.7 :_.0

•_.2.$ . .

GP Gray poorly graded gravel with sand,
wet, loose to medium dense.

9.3 3.7

'17.5

i

Theboringwas advancedinbenin2. Groundwmerwas encoumered

duringdJ'illingm-8.0 feet.
PLATE NUMBER A-8

KING COUNTY MATERIALS LABORATORY
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LOG OF BORING i
. tmmNs !+

++
PROJECT: Des Moines PJD DATE: 10/26/98
_ORINGLOCATION Tyee Golf Course, Berm 3 START: N/A

'LL METHOD: MP-225 Open Power Auger FINISH: N/A
. .4LLER: King County Materials Laboratory LOGGER: DW
")EPTH TO - Water: 7.0 Caving: 6.5' DATE CHECKED: 10/26/98

I _rACZOB/ SOZ_ S_CBOLS

• NOJJ _" *200
SAm:2_ _ _ Duc_p_.Cm Iama,YJc.s

(t) It)

-0 _ "s/' Gray poorly graded sand wil:h gravel.:......2: .5

moist, loosew mediumcleast.(/i11)
+ ......

++++++iT '
;0"

MH BTOW]I sa,_dy e_3,s_c silt, _ 69.0 LL:,=65 10

........ orir_tucs,mort towet,medimnstiff.
ML Brownish gray sandy silt, mottled with

iron Slaim, moist to wet, soft to 4_._ LL=28 PI=5
s medium sdff. -

24 $-
SC Gray silty sand, wet, loose to medixm:

d¢l],_. 28.4 47.0

_- Graysety _y _ intermim:mclay
a.m:lsand l_s_, wet, soft to medium

• '7.5 S_f.
S

i

242. S "
¶

26.1 LL=25 PI-7

CL- Gray silty c]ay, wet, medium stiff toML

•12.$ S_.

18.9

2.5

23: ;

"ZT.S

2_S --

_ring was advanced in berm 3. Groundwater was encountered
d_ ,,g drilling at-6.5feet.

PLATE NUMBER A-9
_- KING COUNTY MATERIALS LABORATORY
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LOG OF BORING
BORING 10

PROJECT: Des Moines R/D DATE: 10/26/98
BORING LOCATION Tyee Golf Course, Berm 3 START:-N/A .,..-
DRILL METHOD: MP-225 Open Power Auger FINISH: N/A I
DRILLER: King County Materials Laboratory LOGGER: DW .
DEPTH TO - Water: " Caving: 13.0' • DATE CHECKED: 10126198
E_"_'ACZ_/ _OT_ _ m_¢ -200

_ _b'C5 _es_-'_pC_m (t) (t) P_mazka_tPT! _ID r_D TEST

r ,,e o _ t

_ Gray clay with sand, moist, medium
_Jffm stiff. .........

cc Gray clay _ sand, trace organics,"2.S
iron-stained,wet, soft to medium
stiff.

26.5

q

wi_ de_.

'7.5 _

37.5 _

'10 _

'z2.s _/ _ 36.2 -L=28 PI-8

-_D

!

"17.5

]'he boring was _h,anced in berm 3. No grou,'tdw=re?wasenco_ered
du_ng drU._g.

PLATE NUMBER A-10

KING COUNTY MATERIALS LABORATORY .,
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LOG OF BORING
BORING 11

PROJECT: Des Moines R/D DATE: 10/26/98
_RING LOCATION Tyee Golf Course, Berm 3 START: NIA

LL METHOD: MP-225 Open Power Auger FINISH: NIA
_,_ILLER: King County Materials Laboratory "LOGGER: DW
[ "PTH TO - Water: Caving: 6.5' DATE CHECKED: 10126/9"8

p Ir&ZZ_l/ SOT.L _¢.T_ l_¢s: -200

:-::':-] d_me.(fill)

-'-' !.-iiii<l
y//_ CL Gray clay, trace ocBazfics,wet., soft.24"t

(_lm_ ISP-SCI Brow_i_hgraypoorlygradedsaadw_'" 21.7 11.12
r:r:<= clay, wet, loose.

•_.s . CL Gray clay, wet, soft..
37.9

242. F

,lo

sP-sc G_y poorly gnded mad with clay, wet,

a,o .;';',
:2%

'15 _ ,

2_

'1"7.S

)oring was advanced in benn 3. No groundwater was encoumered
dur:lg drilling.

PLATE NUMBER A-11

.._ KING COUNTY MATERIALS LABORATORY
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LOG OF BORING
BORING 12

PROJECT: Des Moines RID DATE: 10126/98
i BORING LOCATION Tyee Golf Course, Berm 3 START: NIA "

DRILL METHOD: MP-225 Open Power Auger FINISH: N/A • .
DRILLER: King County Materials Laboratory LOGGER: DW ,,-.
DEPTH TO - Water: 10.5' Caving: 7.0' . DATE CHECKED: 10126198

i i

JD,I',/1i.TZ¢_/ $OZZ, STJ_=OZJ mLat: -200

bs=r,-. _ Y_f.,D _ OATJi,i

I 7o _ s=fac_. -

-=.s CL Brovmto gray clay with _-_, izon-
s_-_d,moist,medium stiff.

/_ =90 LL=39PI=_ .

_ ML -

-?°$ --

i -
3

-10 --

-- sP- Graypoody_ded sand_ _ wet,SM

-12.S --

"15 '

"1?.$

The boring was advanced in berrn 3. Gro_er was encountered I

-lO.S feet.

PLATE NUMBER A-12

. KING COUNTY MATERIALS LABORATORY
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LOG OF HAND HOII: -
HAND HOLE 1

F-OJECT: Des Moines R/D DATE: 10/27198
ND HOLE LOCATION: Tyee Golf Course START: N/A
;AVATION METHOD: Hand dug test holes. FINISH: N/A

EXCAVATOR: King County Materials Laboratory LOGGER: DW
C PTH TO - Water: 1.5' Caving: 2.0' DATE CHECKED: 10/27/98

sa.amz,lm s'a,mor, s QSCS I l_ N_Jrr.(_) -2ooleZ_Z_ _ DA2_ (t)

2-t -0

............s_,._p,. ..........................:..................
ML ]_OWnsandysilt, wet, soft to medimm

dee=. (rm)

- se- Gay poorly gradedsandwith tilt, wet, 21.a 7.sSM
loose.(RII?)47. '2.S

Pr Brown peat,w_ very soft

24S ° "S
w

252.5

12.5 '7.5

24( "I0

7.5 --_2.S.

235 llS

t

2.5 _I?.5

z. _ringwas advancedinbenn oneofthe TyeeGolfCourse.
rotdwmer was encoumeredat-1.5 feet. Theboreholewas
rmated at-ZOfeetduetoseverecavingm -2.0feet.
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LOG OF HAND HOLE
HAND HOLE 2

aROJECT: Des Moines R/D DATE: 10127198
-lAND HOLE LOCATION: Tyee Golf Course START: NIA _-_,_-
=XCAVATION METHOD: Hand dug test holes. FINISH: NIA
"XCAVATOR: King County Materials Laboratory " LOGGER: DW _.
3EPTH TO - Water: 2.0' Caving: 2.5' DATE CHECKED: 10127198

'O S0S Dulc_Ic:L(Iu I_) 1_1 ]bmlzlCs

i i i •

"° ........ ..._, _ppso_.
:":.::t s_ Graypoorlyg=ded_,M,wet,loose. _ i

(511?) _ i

--...:_:
'2.s 25.4 "_ .

. ........ • ....................................... • ............................

v'r Brown peat, wet, very soft. "1

,s 153.7 --

"1

'?.S --

"_,0 --

":.2.$

;HaMpzobedto
1-13.0f_.

"3.V.S

"heboringwas advancedinbennoneof rRe TyeeGolfCourse. -
_rouszo_merwo.sencounteredof-2.0feel.
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1.0 INTRODUCTION

1.1 PURPOSE AND BACKGROUND

This Des Moines Creek Flow Augmentation Plan describes the d_ign, operation, and monitoring
of a st_flow augmentation facility that will be constructed on Port of Seattle (Port) property
at the Tyee Valley Golf Course near Seattle-Tacoma International Airport. The flow
augmentation facilky will supply up to 400 8pm (0.88 ds) of water to Des Moines Creek fi'om
an existing groundwater well on Port property. Introduction oftbe cool well water to the stream
should improve water quality and acr,_,tlchabitat during critical low flow periods in mid- to late
Sm'_mer.

The plan forproviding flow augmentation to Des Moines Creek was originally proposed by King
County as part of the 1997 Des Moines Creek Basin Plan to tailgate existing or potential
cumulative impacts on Des Moines Creek baseflows. The Port subsequently incorporated the
plan in Section 2.1 of A,-mmded Wetland MitiggUton Plan and Suppor_g Documents, Ju_ IS,
1998, which was prepared in support of the Section 401 Water Quafity Certification for the
proposed Master Plan projects. On Juiy 20, 1998 the State of Washington Department of
Ecology (Ecology) issued Order 96..4-02525: Port of Scale M_r Plan Improveme_s (the
Ord_) requi_g the Port to issue an opm'_ons plan to Ecology describing how the flow
:tqgnentationwill be _rnplemented. This Plan was prepared in response to that Order.

King County is preparing feasibility and engineering studies to implement this and other adopted
Basin Plan elements. This operations plan would be modified by King County as necessary to
meet Basin Plan objectives.

1.2 OPERATIONAL CRITERIA

The water supply for the flow augmentation facility will come from an existing well located on
Port property. Well water will be pumped to the stream at a location ju_ below the confluence
of the East Branch and West Branch of Des Moines Creekbased on the following criteria:

• When the stream/low rate immediately below the confluence drops below 1.0 cfs; or
• When the water temperature at that location is above a temperature considered

detrimental to existing uses (16 ° C in the Order).
• Flow augmen_ion will occur be_een May .-_October.

Stream monitoring da_ will be reviewed after the first full year of operation to determine the
effectiveness of these operational _, and modifications w_l be made as appropriate (subject
to Ecology approval).

Seattle.Tacoma lmernanonal Airport ! Port of Seattle
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To meet these objectives, a water supply of 400 gl_ (0.88 cfs) is proposed. Su_amflow .,--
monkoring dam coIIecIed by K/rig County during I996 and 1997 reported a m_um flow rathe
sm_m during thi._period of appm_m_ly 0-_ cfs. Thus, a 400 _am well cepacity should be
able to maintain the 1.0 cfs _ flow. The 1996-97 monitor_ dam indicate that the pump
would need to operate between two and six weeks lumuah_ to _ the 1.0 c_s m;zr_um
flow.

Temperann-e moni_ dam collected for the Basin Plan _ 1996 showed _ s'a,esm
t_perasures at South 200e Street exceeded 16° C .on only a few days during the mo,,th-¢ of
April, Ma_ on several days in Iune; and -_ost daily _ luly and August (the .reported_,_
ended on September 6, I_5). High waser temperaun_ did not _ conespond _o low
stream flow ra_s, but appear to be more h_flue_ed by w_r,_ air _. During the period
April 1 to September 6, 1996 the water temperature exceeded 16° C a total of 120 days, or about
75% of the days. Since the stream temperan_ probably exceeded 16° C during many days in
September and October, the wall pump would have to be opened as least 120 days per year on
average to meet a 16° C temperann-e criter_

The s,nount of pump/ng needed for keeping su-emn temper-ann_ at 16" C may require a
s_i_e.an$ volume of water from the aquifer, poUnnial/y exceeding the available water right. In
addition, a large amount of pumping may not be justified if the benefit of flow ausmen_on for
temperature conu-ol has only l_i_d effeodveness do_ As discussed below in Section
3.1, the monitoring plan includes _ _ the fn_ year of operation to _e the

effects of various _ scrags between 16° and 19" C on downsa-eam t_mpez-amresand ¢.---_
the _dinZ pumping requlremen_ at thou levels. _.J__.,

1.3 WATER RIGHTS

The flow ausmonmfion project will _ a new or modified was_- righ_obtained fi-omEcology
for consumptive use of groundwas_. Water for the project would be obtained from either the
gol_ course well or a nearby inactive well (see Section 2.2). These wells were originaUy
co_ by King County Water District 75 (now I-Ii_h1_,,eWater District) for municipal waser
supply. In addition, another abandoned KCWD 75 well is located on Port property, and an
abandoned well owned by the Port of Seattle is located in the vicinity of the te_m;-_l paddng
garage. The KCWD 75 wells were abandoned several decades ago when the district was
connected to City of Seattle wa_er.

A preliminary search of water rights records filed with P._olo_ provided infonnasion on existing
water rights that are associated with wells locased on Port property. This information is

in Table 1-1. Copiesof the certificatesand associateddocumentsare containedin
Appendix A. In addition to these certificates, the Port has also filed a water rights claim for
groundwater used for in'is_ion as the Tyec Valley Golf Course. Thaz claim, which has a l:n'iority
date of 1967, claimed an irHgasion use of 450 _pm and 244 ac-ft/yr from the former KCWD 75
water supply well. According to Highline Waser District there is no formal agreement between
the district and the Port for use of the well for/n-igation.

Sea_le-Tacomal_nal Airport 2 Portof Seaule
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Table 1-L Water rights on Port of Seattle property

Water Rifht
Cer_cate Instant. Annual

Well Number l_te Quanta 7 status
Golfcoune 2369 400il_= 560ac-fl_j_Comm_l_ m 1949byKCWD 75

C:um=_ m_l forplf cou_

Inac_e well near 2191 750 il_ 600 ac-iVyr _ in 1_3 by KCW'D75
golf coursewen for umuictpalwatersupply.

Cum'euflyinactive.WeLtcap is
vim'bleon 3"tfairway.

AbandonedPortof 5233 230 gpm 82 ac-O,/yr C_ in 1965by Portof
S,,-,,i,. well (under Seattle for _ and¢t=deu_
t_.-:_l padgmg wat=mes. C.._,,tly abandoned.
SmSe)
Abandonedwell 2376 3.S0gpm 560 ac-_ C.onsuuctedin 1954 by KCW'D75
(undergu,',way for uamicipalwatermpply. In 1962
MR =f_ fill), thewaterrighu for thiswen

m Portof _--_.
Cun_tly abandoned.

It appeazsfrom thesewaterrightsdocxuneu_th., thePorth=. a totalpotentialwaterrightof 600 ..
gpm fi'om two abandoned welh (fi_m _ $233 and 2376). The ownership status of the

waterrights from these two wells, as well as theothertwo KCWD 75 wells (whose landparcels
were purchased during previous land acquisitionpm_.), would have to be clmified by
Ecology. Following tiffs, documentation for tzau.sfe_ or change of water rights for the project
will be provided to Ecology. It is anticipated r_=atthe water fights from one or more of these
wells would be transferredto the Port for the flow augmentationproject and assigned the
"environmentalquality"purposeof use designation.

SeauZe-Tacomalnzemmwnal Airport 3 Port of .Searde
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2.0 PROPOSED DESIGN _ ++

A descriptionof availablewells, well mod/ficafiens that are needed for the flow augmentation
andthecontrolsystemto operatethe systemis providedbelow. The flow angmenmfion

system will be designedto be fully automated. It will also not interferewith the existing golf
course irrigationsTstem," which would operateon a differentpumpingschedule. A conceptual
designplanof a flow augmentationsymm is shownon Figure 1.

2.1 +EXISTINGWELLS

Two wells having sxt_icient capacity for the project are located at the southern endof Tyee

Valley Golf Course. The well prmemflybeing used to in'igste .thegolf course (CertificateNoe_
2369) is located at a pump house locatedjust east of the 3_ fairwayand northof South 200
Street. Based on thewen log providedwith the waterright certificate,thi_well has a 12-inch
ca._ug extendingfix_mthe mn'_aceto 245 feet, and an 8-inch casing from 245 feet to 545 feet.
Well perforations(1/4" x 4") extendbetween the 72-foot and 160-foot depths,and between the
190-foot and243-foot deptlm.

Accordingto Roy Moore,thegolf coursemanager,a previouspumptest showed the golf course
well has a capacityof 1,200 gpmwith an eight-footdrawdown(documentationof thattest could -,

not be located). The water level is apparentlynear the surface. The maximm_ productionis • _.+:
reportedto be 350 gpm, and is l_i_d by the _ of the irrigationsystem _ed for the golf ......
com,._. A U.u.binepu',,',',pis i,',-m_ledin the we,ll, and tlm h.mmlerI/_ fi'om the pump is =_-inch
diametersteel Thewell ca._g appean to be in good condition.

The s_.ond well (CertificateNo. 2191) is an inactivewell locatedwithin the 3mfairway.It was
abandonedas a water supply well several decades ago, but epparentlyis s'till usable (it is
reportedto be artesian). Thedr/lli-g log reporteda pumptest capaci.'tyof"750 gpm for this well,
butno other informationon theweft was found. Since th_ well is locatedin the fairway,a pump
houseforthewell wouldneed to be c_ undergroundto Avoiddim-optingthegolf course.

Based on availableinformation,it appears".l_ly thatboth wells have _cient c_p_-ityto serve
the flow angmcnl_ion system on Des Moines Creek. Furtherinvestigationsshould be conducted
duringthe designphase to gathermore informationon these wells.

2.2 W_J. UPGRAGES, CONVEYANCE SYSTEM, AND STREAM DISCHARGE

Two alter-,,t_vedesicm_are discussedbelow andshown on Figure 1. Selection of the preferred
alternativewould be made duringthe design phase after the condition of the existing wells is
thoroughlyinvestigated,the costs of upgradingthe existingwell versusimmlling new equipment
at the inactivewell are compared,andwaterrightspermittingis addressed.

SmuWTacomalnt_ _on 4 Ion of Seattle
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Alte_ve 1 woulduse the_ golf coursewell Since th¢ _ 350 _ punxpat that
yell is atcapacityfor the in_ needsof theplf course,ti_ pump, motor,d_a-ical R=-_ic_ ,-

and control system would need to be upgta&_ A pump with a flow ¢g)acity of 800-1,000
gallons per m;-ute would be required. A rarbine pump is recommmded for this size and depth
of inlet pipe. The pump house may also need remode]_ to contain the new eqnipment.

Alternative 2 would use the inactive well located in the 3rdf_-way. To reactivate the well, Jmd
not make the 3_ fa/rway unstableforgol_a vault would be installed over the well. Access to
the underground vault would be through a m_=nhatchof g_m_,/_t-ly two fo_ by four feet. A
variable speed subm_,_ible pump with a m;n;mumcapaci_ of 400 ggn is recomm_na,-a for this
well. The variable speed pump would allow flex;'ble operation of the flow augmentation system.
The p,mp controls would be located in a new control house adjacent to the stream monitoring
station. This house would also contain all the sensors, gauges and readouts for the monitoring
station.

A new 8-inch PVC pipewould be installed between the pump house and the flow augmentation
outlet. The pipe would be buried at least two feet below ground mn-f_e to protect the pipe from
Reezing and crushing. The outlet to Des Moines Cr_k would be located just below the
confluence of the West Branch and East Branch. The outlet would consist of a manhole-type
structure that acts as a st_l|_ngbasin, followed by a 20-foot channel of small riprap or qumTy
spa/Is leading to the stream. Water cascading down the rock channel would aerate the
groundwater before it enters the stream. The entry to the stream would be designed to prevent
erosion of the existing channel.

2.3 FLOW AND TEMPERATURE MONITORING

Three concrete weirs were consuucted along Des Moines Creek above South 200 thSueet during
the1960stocontrolerosionalongthisportionofthestream.Currently,King Countyoperatesa
streamgaugingstationatthefurthestupsu'eamweir,whichislocatedaboutmidway betweenthe
confluence of the West and East Branches and South 200th Street. It is proposed that a
monitoring station be located at that weir to measure stream stage and temperatme, and poss_ly
contain the pump control equipment. The rectangular weir would be modified by adding a V-
notch plate or by installing a Parshall flume to achieve more accurate flow measurement at low
flow. A trash rack would be installed to prevent debris from accumulating in the flow
measurement section, and a StHlinS wed would be constricted at the weir to contain the sensors.

An ultrasonic sensor will be used to continually monitor the stream depth at the weir. Using a
stremnflow rating curve that is established for the weir, the flow depth con'e_onding to a flow
rate of 1.0 cfs wiI1 be determ/-ed and used by the well control system to set the pump variable
speed rate for flow angmenmtion. A 4-20 ma signal from the level sensor will automatically
adjust the variable speed pumping rate to maintain a 1.Ocfs minimum flow rate.

Temper-amre measurements would be made using a the_u,ister probe at or near the stream gauge
s6lling well. As with the streamflow measurements, temperatt_es would be converted to a 4-20
_a sig_l. The pump con_Is would respond to the temperature readings in a manner similar to

Seattle-TacomaInternationalAirport 6 PortofSeattle
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for the flow _r,_. When the wa_" temper_ is above the established _ -
_te_, water would be pumped into the _ st a r_e propo_ona/ _ the m_per_re
d/ff_e, up to a _n_Tn_ of 400 _ When the _ _ dropsbelow es_b/_h_l

c_'/teria,thepump flow would be ramped down while mainlining a __ flow
rateof 1.0 c_.

A datalogger located at the _ station will recordcontinuous CLe.,15-m_,_e
readin_ of _ stage, _ _ _ ra_ _ pun_g t_e. The_ data
conszivaethepermanentmon/zormgrecordof_e flow_en_on

5¢ar_-Tacoma Intemar_nal Airport 7 Port of $¢ar_
Des Mob_.x Creek Flow Augmenta_n Plan August 18, 1998 . - _--
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3.0 MoNrrORING AND _CE

3.1 MONITORING PLAN

A monitoring plan wiU be _. l_=mnmd w collect _ow and _ dam in Des
Moin_ Cr_k. The objectives of themomtorJngptm arem:

• Obtain _ow m_sua:mmts at the moRitoring station to c_libram the flow

• Obtain _ow and temperatureclamat several locations above and below the
flow angmcnm_ionpoint to evaluatethe effusiveness of different pumping rams on
str_ow levels, mmp_zmre control,and dissolvedoxygen.

• Establish a pc_u_ancnt and continuous monitoring system to docum=nt srosmdwatcr
pumping rates, the to_1 _rnual q-_dry of wate_ used, and compliance with
Ecology's Order.

In addition, potcntia/_vcments to _ habitat due to increased low flows could be

evaluamd using the _ Flow IncremcmtalMethodology (IFIM) model developed for Des
Moines Creek for the basin plan. This clement of the mcmitoring plan will be conducted by King
County as part of the continuing Des Moines Creek Basin Plan progr-_t.

.k summm7 of specific moni_ng activities is provided in Table 3-I. These elements of the
monitoring plan will be further detailed in the Inspection and Maintenm=ce Manual (Section 3_.).

Table 3-1. Monitoring plan

Acflv/tT Methods and Lo_tiom Period and Frequency
I.Monimm2gmmm r_ng Sevm'A1point mmummem of smmzt_w Up w six m_.mnmz_= tfl=r w_r
curve ram andraze atmonimm_ smion weir. modirm_o_ and _ _

ilnqmlls1_OU.

2. Firstyearmonitot_mg Point _ of R_-_mre and Up to 12monitoring events m "
andp,=_,p,flow testing dissolv=doxygen ,r ¢valuam effe_ve=ess of differ_t

• Confluence mnpcram_ _ (L¢., 16",17",
• South200_"Sn.eet 1_°, and 19oC')c_ s_.eam wa_
• South208a Suce_ q.al_. To be con,hsc_d in mid
• MidwayW'WTP summerwhen su'wtmflow is above

1.0 cfs andwemheris stable.

Comm_us mznimring of flow and
mmpemmmatmommmgroman,p-,-p._n_
rams md volume atpumpsmuon,

3. Pexman_ monitoring Contimmusmonitoring of flow and Annually din-ragMay-October flow
tempcmmm atmonitoring ration, p_p. mg augmentation period.
ramsandvohn==atpump m_ion.
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3.2 INSPECTIONAND_CE lVlAa_AL i

Followingconsmactionof the flowaugmentationfacility,aninspectionandmaintenancemmmal
willbepreparedto provideguidance_orPortof Startleemployeeswho will inspectendmzint_
the_-i/ity.Theptmposeoftheroam,a//stoensurerh_ rh_fz:/Iiryis inspectedmdn_mtz/nedaria
_darb_/s, mdthef_i_remzinsfir_doni_udesigned. Sinn'_mmr._shzvebe=prepz_. . .
forthePort'sstonnw=erdetentionf_2ities, includingnmrbyTyeePond.

Theinspectionzndm__ mmmalwillincludethe fonowingsections:

• Facilitydescriptionandoper=ion
• Siteaccess
• Personnel_mdemergc.ncycontacts
• Inspectionandmaintenanceprocedures
• Inspectionand_e schedu/e
• Inspection_ andmaintenancechee_l!_
• Mon/_ plan

• Monitozingstationdamdownloading !

Regularinspectionof thefacilitywilloccurmoney .betweenMayandOctoberof eachyear,snd
twice month/y during July___dAugust. The facility will be shut down betwe_ Novanb_ =.d I
April, when no flow augmenlafion is required and the pump and conveyance system are .-....

dew=eredforthewinter. _ _._

3.3 ANNUAL REPORT

t
An annual report documenting rates and volume of groundwater flow augmentation, streamflow
razesand temperature at the mort/toting station, and a s_vnm 7 of the operations during the year
will be prepared at the conclusion of each season. The report will be issual the following
JanuarT.

.o
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4.0 IMX__FATION

4.1 SCRk'_ULE

An estimated schedxtle for implemenfi-__ the proposed-Des Moines Creek flow aut-meatatic_
system is sm_n_ized in Table 4-1. Proje_'t stan_ m3dmonitori_ a_vi_ are com_ge_n on
obtn_=_=ga water fight from Ecology. Project delay would occur if the wate_ fight c=rmot be
secm'ed by the planned starmp date.

Table 4-1. Implementation schedule

Activit T Date Comments
1.o Design
I.I Flow augmeamfim2plan August20, 1998 "I'h/sdocume_
1.2 Pre_:...:.._,7design Febnmy 1, 1999 Prepm_by KingCou=y
1.3 ,tU,:an  ebna x,1999 byXmg Coumy
1.4 Final d_.iip_ June 1, 1999 ]hrcpmudbyY_mgCounty

2.0 ConsU'uct_n

2.1 Monitonng station July 1999 Consmxemd by Kin e County
2.2 Flow angmema_onsystem July-Anges_ 1999 Committed by Ki-_ County
23 _ and_ang Sepmnb_, 1999
2.4 Smrmp May 1, 2000 Contingent on obtaining water righ_

J.O MoultoriBg
3.1 Mecimri_ _afio_ rating curve Ju/y-Septemb_, 1999
3.2 Fi__ May-Oembez, 2000
33 Openmonal review December, 2000 Review and politic revision of

operationaleritem
3.4 Startofpermanentmanimring May 1,2000 Annualreportsissued:mJanuary.

4.2 FUNDING OF MAINTENANCE AND OPERATIONS

Maintenance and operation of the Des Moines Creek flow augmentation facility will be funded
bythePortofSeattle.

4.3 CON'IINGENCY

Should the flow augnentafion project not succeed, such as due to the inability to obtain a new
water right fi_m the wells descn_bedabove, other options for flow attgmentation will be pursued.
This effort wou/d be prima_y directed at _ otherwater fights in the basin.

Searde-Tacoma International Airport 10 Port of 5cattle
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D_snbe- 26, I962

Bngle, Sogle& G_es
!4thFloor NortonBuilding
Se_-_le4, Washington

ATTE,_CTiO_J:B_t;'amL. Met.z3er,Jr.

G_tJemen:

Re:. GroundWater_ft,Jfi_t.e _0. 2376,
KingCauntyWater Dis_fct No. 75

Rec._._tis acknow:edgedof yourletter of Deem:bet21 containinga cogy of an
assignmer_transferringKing _a3umtyDistrict's int.a_st in saidwaterright to the
°oft of Seaklle, together with warrant i, the amountof $4 to rec:m_the trar,sfer.

?leasebe advisedthak Section90.03.310 RON amha_zesthe b'a_sfer"of
appilcaUonsandpermitsonlyand arlcethe ,_m'oWlaUonhas rilNnedInto • e,mtific,a_
of wakerright, It becomesa_=u_.anantto the j_oeTj andUUe to UtewaJ_erright
passesautomaticallywfth the tJ'Jeto the Wopert_. Far th_ reasonwewould nat be
ableto FcmaJtyWocessthe assignmentaridchangeownershipas shownan
certificate. Howe_lr, we will pl,_e the copyof the assignmentin file No. 2376 to
s.hmvthat the Port of Seattle nowhas UUeto the water right andany futurecorrespondence
will be dlr!_-d to their a_entJon. ..

Yourwarrantin the amountof $4 is retwnedherewith.

Very l_ly 7ours,

DEPARTM[MT OF CONSERVATION
EARL COE, DIRECTOR

ROBERT H. RUSSELL, Asst. Supervism
Divisionof Water Resources

RHR:]o
Enc.

L_ _3
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DES MOINES CREEKREGIONAL CIP
PRELIMINARY DESIGN REPORT
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...... DES MOINES CREEK REGIONAL CAPITAL IMPROVEMENT PROJECTS

PRELIMINARY CONSTRUCTION" COST ESTIMATES

CmmmCommn tipall Alimrnativas
klarineV'mwDrive Bridge- $3,850,000
Excavation,Cells 1-3 $3,674,340
BermB _ $443,826
HabitatImprovements- Zone I and 2 $132,000
Chanr_ R___.,J,_uction-Zone 3 $697,192
Bypassdownstreamof S. 200th $299,369
TreatmentPlantBypass $189,863
LowRowAugrnentaiion

Total $9.t73,192

Corn for Altarnatb've1
BermA $678,137

1 & 2- Tyee DiversionPipe $910,790
BypassfromN_ Ponds $468,798

Tmal $11,130,917

. Ntama_e 1 & 2- Tyee _ Pipe $610,790

i !.,CostsCoo'u'nonffi ag_ _ . . •
Total $10,906,852 ". _ -'_-. _.

costs for AltemM_
Alternative3 Tyee DiversionPipe $194,033
BypassfromApproachLightRoad $,301,158 .. -- ., I'_

Commonto all _
Total $9,868,383

"Except as noted,costsare adjustedforconstructionin2001 and donotincludedesign,
permitting,projectmanagement,contractadminilWationand inspection,monitoring,
operation& maintenance,etc.

" Costof MarineV'mwDrive bridgeis adjustedforconsUucUonin 2000. Costsnot
includedare $500,000 fordevelopmentof Plans, Specs andEstimate ($450,000
alreadyspentby the Cityof Des Moinas,and $50,000 needed to finish),and
$450,000 for constructioncontractadministrationand inspection.
Addingthese costswouldbringthe total to $4.8 million.

summary.xis 4/20/99 5:50 PM
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DESMOINESCREEKREGIONALCIP
PRELJMIgNIARYCONSTRUCTIONCOSTESTIMATE

DATE: 4/15/99 "--

PROJECT: ALTERNATIVE 1- BYPASS FROM NORTHWEST POND8 ESI"IMATOR: TDP • _.
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• DESMOINESCREEKRE_ONALClP
PRELIMINARYCONSTRUCTIONCOSTESTIMATE

DATE: 4/15/99

• PROJECT: Albm_tive I - Tyee Divemion Pipe ESllMATOR= F6

ITEM i llmd;-..__.__.:;-,-,m_ml(rl.T]L-_lmd--_- - _ I ,__,A_l,_lr I I,l,Tm'-'i_I IJINIT-_-__-__-_"i e...n---mLrr-, -_--C--__-T
1 !u,_,.,,_ 1 ILS I 10%, %OFSUM _ S36.007

1 II.S t $3.000.00I /IS _ 83.000
2 !ne-_n0 andC_,,___*_._ ¢ove_ 1 ILS I $1.700.00I " A_ t S1.700
3 ,H?_'_I
4 IT__'J'_Ma_ 140 ICY I $35.25I /CY t $4,935
5 1o72"Dim. HC M p. I 1,413 ILF ¢ SlU.00 I _L.F. t $219,015
S 1116"Typeil_ __U q. (<12¢) 4 lEACH I S9.500.00i _:ACH , S38.000

• 7 198"T_mlIS-nM-H.p121iL} 2 lEACH I $10.500.00I /F.ACH I $21.000
8 ll20"i_mgS--n--u-H.wIItz)--r_, 1 lEACH ] SlS_OO.OOI Fr._CH s15._• m_,,,.,, _ _ _ $5.500o IE__..____ _ _ ......} I ILS UZ,O0.OOJ
lO li._,'---,.,*_;---_-.¢¢.} I its _ I_4.ooo.oo_ ¢S S3,¢.ooo

11 IC_-P"_I_mtoMwMH I 1 lEACH t S4.S0.00I FcACH S45012 tC_-_M S.___ TOpcam 2O nON i S22.00_ nON S_0
13 lt_./_ ¢ 30 ITON i $17JS0I u,--Oi_ S525
14 ITrunRa_?2"Dianolr I I lEACH , Sl_OO.0Oi /EACH sl._oo

15 l_ T_Mme_ _ I 1!ml_ ) St0,0(0).00! /IS St0.0(0)is Ic__-_,.____._.,_s,_/ l I ss.ooo.ooI ¢s ss.ooo

• Pipe,suture inck,d_ Miml. _ mmV_ J SUBTOTAL:_ _.0"_2

be4_, ImckL ¢on_ ! SALESTAX:I 8.60%; $34,062

nmmallm_Thlscoslusumu a nd_6tlLmmm 8USTOTAL:I i S430.134
. 4epmor21_d covero_r thetopOfl_ pipe. CONT1NGENCY:I 20.00%i $86.027

SUBTOTAL:t i $516.160
INFLATION'9(5TO'0"ll 10.00%; $94,629

_CONSI1NUC11ONTOTAL N10,7110

• i
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DES MOINES _ REGIONAL GIP
PRELIMINARY CONSTRUCTION COST ESTIMATE

..--_- •

_,I"E: 4/lm

PROJECT: Altm_ 1 & 2- Tyee Divemion Pipe ESllI_TOR: F8

.~_.
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DES MoINES CREEK REGIONAL CIP

PRELIMINARY' CONSTRucTION cOST ESTIMATE
DATE: 4/15/99 --"

PROJECT: ALTERNATIVE 3 - BYPASS FROM APPROACH LIGHT ROAD ESTIMATOR: TDP . .....
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DESIlOlmmCREEKREGIONALClP
pRELIMINARY OONSTRU.G_'IONOOST ESllMATE

DATE: _1_

PROJECT:_ 3 - Ty_ Dimmlon_ I_mJ,_
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DESMoINES CREEKREGIONALCIP
PRELIMINARYCONSTRUCTIONCOST ESTIMATE

DATE: *

PROJECT:BetasA Comm_uctdon ESITMATOR: Fslm _
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DESMOINESCREEKREGIONALCIP
PRELIMINARYCONSTRUCTIONCOSTBSTIMATE

DATE: 4ns/gs

PROJE_r: Excavation, Cells 1-3 ---_mtt,TOR: WHK

MI I

$5 1 /SF I
S20 I /L.F. t

/IS I $20.000
$0 /LS SO

I i _.s slo.ooo
_.,_,_J.1P"'_""_t HE. _ t llLS I $10,000 /t.S Sl0.000

H-'-"-"_"----u= à�xILS i $50.000 /I.3 $50.000
r SIS /S.Y. 112.320

I 14 t--'_J'_----lbmL_" i 250 lEACH , $20 /F.ACH U.O00is tH_h__ 1500ILF. ; i4 _LF. IS.O00
I 16 tF_F_Ftm_ t 2200 ILF. I U /L.F. $11,000
I 17. ICliulrPi_inclu_mmovll i 1500 IS.Y. t $2 /S.Y. 112.250, is sw.,_.= I e_oooo=FI =.75 =F s,,5o.ooo

2o i_ Sunmy 1 iLS i S6.0oo /LS U.000

• I SUBTOTAL:_ $2.382.(L_5
Excavationc:osBcouldbeIowwedif¢m=avamdmils umdformnemtWprojeCL SALESTAX:_ 8.80%1 $204.g08

I SUBTOTAL:I t $2.587,563
CONTINGENCY:i 20.00%i $517.513

CONSTR.SUBTOTAL:i ] $3.105.076

_CONSTRUCTIONTOTAL $3,lrr4,.140
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DESMOnkS _ REGIONAL.CP
PRELIMINARYCO_mUCT_ cOSTESTIMATE

°o_

DAT_ 4nsm , •

Pmjec_:BennB_ Is-m_Toa: r_nxm

r .
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DES MOINES CREEK REGIONAL CIP

PRELIMINARY CONSTRUCTION COST ESTIMATE

DATE: 4/15R9
PROJECT: Channel RJc:onst]'um_on-Zone 3 ESllllATOR: WHK

II

I PPm_mmlARY _ COST_

_ ITEM DES_ (F.mJJ_m and Im,,,U.d) t QUAk,,', x" I UNffS i bi."T _._-T _ SAJNn" _ COST
I IM_ I 1 ILS i 10%1% OF SUM $41,100

2 ICmr_m_(L_tm_w) i 2 IACRF.Si S3.000t _,CRF.S; S6.S00
I 3 ,Ez_svlmml lindu¢l_ haul ot_ldmI i 6500 ICY I _$91 /CY I $61.425

| 4 ISirmm'medGravel I1.7 Im_3) t _ {TON ; $32 I NON ! $25.830
i .2 iAcz_.si sl,soo i #ACRE, s3_oo
i 200 ILF. I $80 I /L.F, I $12.000
I 120 IL.F, I ti60 _ /L.F. i $7.200

3 lEACH $450 ; /EACH , $1.350
4 f $18.000

$19.000 #EACH ! $19.000
t $14.000

; /EACH ; $30.000
i $18.750

i am I no i m,'i::H+ .ooo
t 2 lEACH I $450 : /EACH t Sg00

J 1200 IS.Y. 1 $8 I /S.Y. t $9,600
I 270 iLF. l $40 _ /I..F. ; $10.800
i 150 lEACH I" $20 I /EACH I 1;3.000

$4 ', /L.F. ', $1.600

I 300 ILF. t $5 i /LF. t $1.500
--- i2_ #S.Y. l $2.250

I 1 ILS I $12,000 J _ t $12,000
$1 _ /SF ! $45.000

I $1.5 i /SF 1 S?'5.000
1 ii.s I $15.ooo+ _ j $1s.ooo

ic_=ion Survey + I 1 ! Is.ooo; #L.S _ _.ooo

• Pipe esliliill includes:_ excavltion, shohng, J SUBTOTAL:I I $452,100
mlallation, bedding, backll ¢ompacliofl, [. SALES TAX:I 8.60%1 $38.881
mstoralion. This cost assumes a rain. 6 ft. nnch "J SUBTOTAL I ! $490.981

dep_ or 2 _. of cover o_r the top of the i_pe. J CONTINGENCY: I 20.00% i ilt8,1116ICONSTR. SUBTOTAL: l $589.177

"Planbng costa could be mducsd if plrdmg is lessex_m_m_ or dense, i INFLATION _8 TO '011 10.00%1 $108.016
,, ICONSlltUCTION TOTAL StHrT,ll2
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• DES MOINES CREEK REGIONAL ClP
PRELIMINARY CONSTRUCTION COST ESTIMATE

• _ , DATE: 4/15/99

PROJECT:DesMotmmTreatmentPlantBypass ES'TIMATOR: F_
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DES MOINES CREEK REGIONAL CIP

PRELIMINARY CONSTRUCTION COST ESllMATE

DATE 4/15_9

PROJECT: Low Row AugnmnMUon ESllMATO_ WHK

ICon_oNoff 1 ILS i $4.500 { /IS _ 1;4.5001 ILS t $3,0001 /IS i $3.000
i0 1° 24"_ _LD.P_. ' 20 ILF. I • $89 I _F. _ $1.785
11 t" 12" Diam.H.D.P.P. _ ILF. i $53 i A.F. ; $2.363

. 12 tWe'," 3 IEACI,'I ! ' "1500 ! /EACH _ 11',500

14 :S_RVl I

I 16 IRIterFmrk:Fem:e ! $375

I 17 ICImr Plmli¢Covedn__ removal • 150 IS.Y. i 1;2; /S.Y. $225
I _a ISu,_Imm==_.FN.,==,.,=) _tLs _ izoool_ =.ooo_
1 19 IC_=nslrm:li_Survey 1 l_ ; Sl.500 { /IS $1.500 '

I SUBTOT_,!, .Th._S,'J_ .........

SALESTA_ a.so_ S4.a3o
SUETOTALt 1;60.987 "

CON_NGENCY: i 20.00%i $12.197
CONSTR.SUBTOTAL:I _ $73,185

! INFLA_ON 118TO '011 10.00%1 $13,417
CONSTRUCTIONTOTAL S86,602

AR 042315
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