
Wetland Functional Assessment
and Impact Analysis

Master Plan Update Improvements
Seattle-Tacoma International Airport

Port of Seattle

Parametrix, Inc.
December 2000

AR 048122

1215



WETLAND FUNCTIONAL ASSESSMENT AND IMPACT ANALYSIS

MASTER PLAN UPDATE IMPROVEMENTS
SEATTLE-TACOMA INTERNATIONAL AIRPORT

Preparedfor

PORT OF SEATrLE
Seattle-TacomaInternational A/rport

Seattle, Washington 98158

Preparedby

PARAMETRIX, INC.
5808 Lake Washington Blvd. N.E., Suite 200

Kirkland,Washington 98033

December 2000

556-2912-001 (03)

h_ 0_'8123



- TABLE OF CONTENTS

Pace

EXECUTIVE SUMMARY .................................................................................................................vii

1. INTRODUCTION ................................................................................................................ 1-1

1.1 PROJECT DESCRIPTION ...................................................................................... 1-1

1.2 KEY PROJECT ELEMENTS .................................................................................. 1-2
1.2.1 Runway Safe_y Areas and Relocation of South 154_ Street ....................... 1-2
1.2.2 New Third Runway ...................................................................................... 1-5
1.2.3 Borrow Areas ............................................................................................... 1-5

1.2.4 South Aviation Support Area ....................................................................... 1-5
1.2.5 Overview Of the Mitigation Plan. ................................................................ 1-5

1.3 WETLAND DELINEATION .................................................................................. 1-8

1.4 SIGNIFICANT WETLANDS AVOIDED BY MASTER PLAN
IMPROVEMENTS .................................................................................................. 1-9

2. METHODS ...........................................................................................................................2-1

2.1 IMPACTS TO WETLAND AREA ......................................................................... 2-I

2.1.1 Direct Impacts .............................................................................................. 2-1
2.1.2 Indirect Impacts ............................................................................................ 2-1

2.2 IMPACTS TO WETLAND FUNCTIONS ............................................................. 2-1

2.2.1 Background .................................................................................................. 2-1
2.2.2 Assessment Methodology ............................................................................ 2-3

3. RESULTS ............................................................................................................................. 3-1

3.1 EXISTING WETLAND FUNCTIONS ................................................................... 3-1

3.1.1 Biological Functions .................................................................................... 3-1
3.1.2 Physical Functions ..................................................................................... 3-11
3.1.3 Water Quality ............................................................................................. 3-11

4. IMPACT ANALYSIS ........................................................................................................... 4-1

4.1 PERMANENT IMPACTS ....................................................................................... 4-1

4.1.1 Runway Safety Areas ...................................................................................4-1

4.1.2 Third Runway ............................................................................................... 4-2
4.1.3 Borrow Areas ............................................................................................... 4-5

4.1.4 South Aviation Support Area ....................................................................... 4-5
4.1.5 Other Master Plan Update Improvements ................................................... 4-6

4.2 TEMPORARY CONSTRUCTION IMPACTS ...................................................... 4-6
4.2.1 Construction Runoff. .................................................................................... 4-6

4.2.1.1 Discharge Standards .................................................................. 4-7
4.2.1.2 Treatment BMPs ........................................................................ 4-7

4.2.2 Other Potential Construction Water Quality Impacts................................ 4-10
4.2.3 Wetland Alterations During Construction ................................................. 4-11

4.2.3.1 Runway SafetyAreasandRelocationofSouth154=
Street........................................................................................4-15

4.2.3.2 ThirdRunway ..........................................................................4-15

Wetland Funcnonal Assessment and Impact Analys_s December 2000

Seattle-Tacoma internatwnal Awport ii 556-2912-001 (03)
Master Plan Update G:'_"_S_I._3_t.'O_,.L'O00 _¢_ _ w_wt_,,,._

AR 048124



4.2.3.3 Borrow Areas ........................................................................... 4-16

4.2.3.4 South Aviation Support Area .................................................. 4-17

4.2.3.5 Mitigation Impacts .................................................................. 4-I 7
4.3 INDIRECT WETLAND IMPACTS ...................................................................... 4-25

4.3.1 Analytical Approach .................................................................................. 4-25
4.3.1.1 Supports resident and anadromous fish .................................. 4-26
4.3.1.2 Provides habitat for song (passerine) birds ............................. 4-26
4.3.1.3 Provides waterfowl habitat ...................................................... 4-27

4.3.1.4 Provides amphibian habitat ..................................................... 4-27
4.3.1.5 Provides small mammal habitat .............................................. 4-27

4.3.1.6 Exports organic matter ............................................................ 4-27
4.3.1.7 Maintains groundwater exchange ........................................... 4-271

4.3.1.8 Provides flood storage and runoff desynchronization ............ 4-27
4.3.1.9 Enhances nutrient retention and sediment .............................. 4-28

4.3.2 Analysis Summary .................................................................................... 4-28
4.3.2.1 Wildlife .................................................................................... 4-37

4.3.2.2 Wetland Fragmentation ........................................................... 4-39

4.3.2.3 Wetland Habitat Complexity and Biological Diversity .......... 4-40
4.3.2.4 Impact to Wetland Hydrology and Hydroperiod .................... 4-41
4.3.2.5 Stormwater Management During Operations ......................... 4-44
4.3.2.6 Floodplain Impacts .................................................................. 4-55
4.3.2.7 Hydrologic Impacts of Retaining Walls ................................. 4-57
4.3.2.8 Runway Safety Areas and Relocation of South 154=

Street ........................................................................................ 4-61

4.3.2.9 Third Runway: North End ...................................................... 4-61
4.3.2.10 Third Runway South of South 154= Street ............................. 4-62
4.3.2.11 Wetlands in the Walker Creek Watershed .............................. 4-64
4.3.2.12 New Stormwater Detention Facilities ..................................... 4-64

4.3.2.13 Staging Areas ........................................................................... 4-67
4.3.2.14 Borrow Area 1 ......................................................................... 4-68
4.3.2.15 Borrow Area 3 ......................................................................... 4-69
4.3.2.16 Borrow Area 4 ......................................................................... 4-69

4.3.2.17 South Aviation Support Area .................................................. 4-69
4.3.2.18 Other Areas .............................................................................. 4-70
4.3.2.19 Summary .................................................................................. 4-71

4.4 CUMULATIVE IMPACTS ................................................................................... 4-72
4.4.1 Projects Sponsored by Other Agencies ...................................................... 4-72

4.4.1.1 SR 509 / South Access ............................................................ 4-72

4.4.1.2 Central Link Light Rail Transit System .................................. 4-74
4.4.2 Regional Detention Facility ....................................................................... 4-76
4.4.3 City of SeaTac Development Planning ..................................................... 4-79
4.4.4 STIA Projects ............................................................................................. 4-80

4.4.4.1 South SeaTac Electrical Substation Upgrade ......................... 4-80
4.4.4.2 South Terminal Expansion ...................................................... 4-81

4.4.4.3 Upgrade of Airport Satellite Transit System .......................... 4-81

WetlandFunctionalAssessmentand ImpactAnalys_s December 2000
Seattle-TacomalnternationalAirport iii 556-2912-001(03)
Master Plan Update a:_w_,_,_'gl.'_J.'gl._lv_,_,m_ _,_,_,u_ ww_,__,

AR 048125

i



4.4.4.4 Upgrade and Expansion of Industrial Wastewater System
Lagoon #3 ................................................................................ 4-81

4.4.4.5 Air Cargo Development Plan (ACT)P)................................... 4-82
4.4.4.6 Airer_ Hydrant Fueling System ("AHFS") .......................... 4-82
4.4.4.7 Part 150 Noise Compatibility Plan ......................................... 4-83

5. REFERENCES ..................................................................................................................... 5-1

APPENDICES

A THIRD RUNWAY EMBANKMENT CONSTRUCTION EVALUATION OF
TEMPORARY CONSTRUCTION IMPACTS TO WETLANDS AND EROSION
AND SEDIMENTATION CONTROL DURING THIRD RUNWAY
EMBANKMENT CONSTRUCTION

B GEOTECHNICALENGINEERING REPORT FOR THE THIRD RUNWAY
EMBANKMENT CONSTRUCTION

C BORROW AREAS I, 3, AND 4 - PROJECTEDIMPACTS TO WETLANDS

D PRESERVATION OF WETLANDS IN BORROW AREA 3

E THIRD RUNWAY MSE WALL SUBGRADE IMPROVEMENTS

F THIRD RUNWAY EMBANKMENT - EFFECTS OF INFILTRATION ON BASE
FLOW

G LOW STR.EAMFLOWANALYSIS FOR MILLER, WALKER, AND DES
MOINES CREEKS

H ANALYSIS OF INDIRECT IMPACTS TO WETLANDS FROM SR 509
TEMPORARY INTERCHANGE

I STORMWATER DETENTION POND DESIGN FOR THE MILLER CREEK
BASIN

J FEASIBILITY OF STORMWATER INFILTRATION

K IWS LAGOON 3 EXPANSION FOOTPRINT

Wetland Functional Assessment and Impact Analysis December 2000

Seattle-Tacoma International Airport iv 556-2912-001 (03)
Master Plan Update G:_gl_$291201lO_q_k'OOO _ I_powd_ecuwd WJmd

AR 048126



LIST OF FIGURES

Figure Page

1-1 Location of Seattle-Tacoma InternationalAirport and Off-site Wetland Mitigation Site .. 1-3

1-2 Master Plan Update Improvement Projects at STIA............................................................ 1-4
1-3 Wetland Impacts in the Milla" Creek Basin Near STIA .................................................... 1- 14

1-4 Wetland Impacts in the Des Moines Creek Basin Ne,ar STIA........................................... 1- 16

4-1 Location of TemporaryWetland Impacts in the Miller CreekBasin Near STIA ............... 4-3
4-2 Potential TemporaryImpactsto WetlandsResulting fromBuilding Demolition ............. 4-12
4-3 Jurisdictional Wc'dands on the Vacca Farm Site ................................................................ 4-20

4-4 Locations of Mitigation Projects in the Miller Cr_,k Basin .............................................. 4-22

4-5 Location of the Wetland Mitigation in the Des Moines Creek Basin ................................ 4-23

4-6 Location of Wctland Impacts at the Auburn Mitigation Site ............................................. 4-24
4-7 Flow Duration Curve forMiUer Creek at SR 509.............................................................. 4-58
4-8 Flow Duration Curve forWalker Creek at South 12_ Street ............................................. 4-59

4-9 Flow Duration Curve for Des Moines Cr_.,k at South 200_ Street.................................... 4-60

4-10 Impacts to Wetland R1 from the New South 154_/156_ Street Bridge ............................. 4-63

4-11 Stormwam"Detention Facilities for Master Plan Update Proj_ts .................................... 4-65

LIST OF TABLES
Table

1-1 Summary of compensatory mitigation (on- and off-site) for watershed, wetland, and
impacts at Seattle-Tacoma Intonational Airport...................................................... 1-6

1-2 Sununaryof w_land areas in the Seattle-Tacoma InternationalAirport
Master PlanUpdate area..................................................................................................... 1-10

I-3 SignificantwetlandsneartheSTIAproj_ares................................................................I-15
2-1 Wetland attributesconsidered in evaluating biological functionsof wetlands

impacted by the proposed Master Plan Update improvements ............................................ 2-3
2-2 Wetland amibutes consid_cd in evaluatingphysical functions of wetlands impacted

by the proposedMaster Plan Update improvcmmlts............................................................ 2-5
3-1 Summary ofp_,rnanent fill impacts to wetlands in the proposed Seattle-Tacoma

International Airport Master Plan Update improvement area. ............................................. 3-2
3-2 Summary ofdir_t ternporaryconstruction impacts to wetlands in the proposed Seattle-

Tacoma International Ah-portMaster Plan Update improvement area................................ 3-4
3-3 Ratings for wetland functions impacted by fill for construction of Master Plan Update

improwments at Seattle-Tacoma International Airport....................................................... 3-5
3-4 Ratingof habitatfunctions of forestedwetlands impacted by the proposed Master Plan

Update improvements........................................................................................................... 3-8
3-5 Rating of habitat functions of shrub wetlands impactedby the propos_ Master Plan

Update improv_nents ........................................................................................................... 3-9

Wetland Functional Asse._sment and Impact Analysts December 2000

Seattle-Tacoma International Airport v 556-2912-001 (03)
Master Plan Update a;_..,_.'_,_J_,._ _,.n _.,_..,a w._,.a

04812"/



3-6 Rating ofhabitat functions of emergem wetlands impacted by the proposed Master
Plan Update improvements ................................................................................................. 3-10

3-7 Rating of physical and chemical functionsof riparianwetlands impacted by the
proposed MasterPlan Update improvements ..................................................................... 3-12

3-8 Ratings of physical and chemical functions of d=pressionalwetlands impacted by the
proposed Master Plan Update improvernents..................................................................... 3-12

3-9 Ratings of physical and chemical functions of slope wetlands impacted by the
proposed Master Plan Update improvements..................................................................... 3-13

4-1 Summaryof permanent wetland impacts by project and wetland category........................ 4-1
4-2 Summary of thirdrunway embankment stormwatertreatmentplant performance

results fromNovember 8, 1999 to March4, 2000............................................................... 4-8

4-3 Summary of the Ecology Manual BMPs generallyapplicable to Master Plan
construction sites.................................................................................................................. 4-9

Temperature ranges and sky conditions for the warmm months when extended
storage of stormwaterat the Seattle Tacoma International Airport is expected ................ 4-10

4-5 Descriptionof temporary impactsto wetlands from the ScaRle-Tacoma International
Airport Master Plan Update improvements ........................................................................ 4-13

4-6 Summary of wetlands subject to mitigation activities....................................................... 4-18

4-7 Summary of wetland modification to implement mitigation at Vacca Farm.................... 4-19
4-8 Summary of potential indirect impacts to wetlands and actions taken to

mitigate indirectimpacts of the Seattle-Tacoma International Airport
Master Plan Update improvements..................................................................................... 4-29

4-9 Summary of indirect impact analysis and wetlands partially filled by STIA Master
Plan Update improvements ................................................................................................. 4-34

4-10 Seattle-Tacoma International Airportsource control BMPs .............................................. 4-49
4-11 Summary of requireddetention facility volumes ............................................................... 4-56

WetlandFunctionalAssessmentandImpact,4nalysts December2000
Seattle-TacomaInternationalAirport vi 556-2912-001(03)
MasterPlanUpdate _.'_-,,.n,c._l._J.,_:_o_v._,.t.,oao_ _ wv,_,.__.,.,

AR 048128



EXECUTIVE SUMMARY

The Seattle Tacoma International Airport (ST1A) has updated its Master Plan to meet future

aviation needs. This report describes the impact of Master Plan development projects on wetlands
and wetland functions. The report updates earlier wetland analyses completed in suppon of the
National Environmental Policy Act (NEPA)/State Environmental Policy Act (SEPAL Final

Environmental Impact Statement (FEIS), and Final Supplemental Environmental Impact Statement
(FSEIS) for the Master Plan. Master Plan Update improvements that affect wetlands and streams
include:

• Runway safety area (RSA) extensions for existing runways

• An 8,500-fl-long runway

• Relocation of South 154 = Street around the north end of the RSAs of existing and proposed

nmways

• Development of on-site borrow sources to provide fill material for the third runway

• Cargo and maintenance facilities in the South Aviation Support Area (SASA)

• Various utility improvements and expansions to service new facilities

Proposed construction projects will result in direct permanent impacts to 18.37' acres of wetlands
and temporary impacts to 2.04 acres. In addition, 980 linear fl of Miller Creek and 1,290 linear ft
of drainage ditches will be filled. About 9.05 acres of Category II wetlands, 7.31 acres of Category
Ill wetlands, and 2.01 acres of Category IV wetlands will be permanently impacted by the proposed
project.

Impacts to wetland functions were assessed for nine functions typically performed by wetlands.
These functions were assessed by classifying wetlands onto hydrogeomorphi¢ and habitat groups,
and identifying wetland attributes that are recognized as indicators of wetland functions for western

Washington wetlands. Based on the presence of these indicators and professional judgement, each
wetland for each function, was rated using a "high," "medium," or "low" rating system.

With respect to biological functions, overall wildlife use of the study area and its associated
wetlands is largely limited to species that are tolerant to disturbance. The area is fragmented by
urban development, and faunal diversity is limited because wetlands are too small to meet habitat

requirements for many wildlife populations. However, when compared to other urban wetlands,
some larger wetlands that support native shrub and forest vegetation provide moderate to high
function for songbirds, amphibians, and small mammals.

tThese permanentm,tpactsincludefillingandpotentialredirectimpacts.
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With respect to physical functions, the riparian wetlands located on groundwater seeps adjacent to

Miller and Des Moines Creeks provide base flow support functions and may enhance (reduce)
stream temperatures during summer months. Most of the wetlands on-site have limited stormwater

storage capacity due to their small size, lack of direct connections to the streams, or topographic
conditions that limit water detention. The existing groundwater recharge function is also limited
because most wetlands appear to be underlain by relatively compact soils that limit rates of
groundwater infiltration. Wetlands that occur on relatively flat areas and receive runoff from urban
areas function to improve water quality.

Temporary impacts during consmlction include removal of wetland vegetation (native and non-

native) and potential sedimmtation. Indir_t impacts include potential alteration of wetland
hydrology,ongoingdisturbance of wildlifeby ah_,_Rnoise,and human disturbance.Indirect

impactstothehydrologyofwetlandsadjacenttothefillam expectedtobe minimaland willnot

significantlyalterthefunctionofthesewetlands.The projectdesignallowsgroundwaterand runoff

tocontinuetoflowto downslop¢wetlands.Indirectimpactsresultingfrom noiseand human

disturbance are expected to be minor because most wetlands am already subject to aircraft noise,
traffic noise, and human disturbances, and becau_ the wildlife species pre.sent in these wetlands are
tolerant oftheseactivities.

About 2.4 acres of indirect wetland impacts could occur in certain locations where changes to
wetland hydrology, shading, or fragmentationresults in loss of functions. While these indir_t

impacts could result in the loss of some wetland functions from an area, they may not necessarily
remove all wetland functions. The wetland losses that could result from indirect impacts are fully
mitigated at ratios of 3:1.

Other indirect impacts to wetlands that could affect their function include noise and human

disturbance, changes in water quality impacts, and changes in surface hydrology. These indirect
impacts could alter or reduce the level of some functions, but would not eliminate the wetlands
themselves. These indirect impacts are also mitigated because, in most cases, land use conditions

that have degraded these wetlands are removed, and restoration actions are implemented to improve
their functional performance.

Overall, the Master Plan Update improvement design and mitigation will protect wetlands and

aquatic resources. The substantial mitigation compensates for identified impacts to hydrology
(peak flow and low flow), water quality wetlands (temporary, permanent filling, and indirect), and
streams. This mitigation prevents cumulative impacts, attributable to the proposed actions, from
occurring.

WetlandFunctwnal Assessmentand ImpactAnalysLs December2000

Seattle-TacomaInternationalAirport viii 556-2912-00] (03)MasterPlan Update
G:tDamJ_l.V_$2Pl _Ol_t._O#O I_ I_ep_w_l P/ala_l Imp_r_

AR 048130



1. INTRODUCTION

Implementation of the updated Seattle-Tacoma International Airport (STIA) Master Plan will result
in unavoidable filling of wetlands and a 980-fl section of Miller Creek. This report describes the

impacts of the proposed project on wetlands and streams. The report updates wetland analysis
completed in support of the National Environmental Policy Act (NEPA)/State Environrnental
Policy Act (SEPA), Final Environmental Impact Statement ('FEIS), and Final Supplemental EIS
(FSEIS) for the Master Plan Update improvements. This report also addresses wetland impacts

within project areas that were not identified in the previous documents because the Port of Seattle
(Port)didnothaveaccesstosomepropertiesduringtheearlieranalysis.

The report is organized into four sections. Section I describes the project, the study area, and the
results of a comprehensive wetland delineation of the project site (see Wetland Delineation Report,
Master Plan Update Improvemems, Searde-Tacoma Inzernational Airport', Parametrix 2000a).
Section 2 describes the methodologies for evaluating project impacts to wetland area and function.
The results of the impact analysis are presented in Section 3. These results are used to develop on-
site and off-site mitigation projects (described in Natural Resource Min'gation Plan, Master Plan
Update Improvements, Seattle-Tacoma International Airport; Parametrix 2000b) to compensate for
wetland impacts. Section 4 describes permanent and temporary impacts and indirect impacts
resultingfromtheproject.

1.1 PROJECT DESCRIPTION

As currently configured, the STIA is unable to efficiently meet existing and future regional air
travel demands. The airfield operates inefficiently during poor weather because it can
accommodateonlyasinglearrivalsuv,am. As a result,significantarrivaldelayoccursduringpoor

weather. Aircraft are either held on the ground in their originating city, slowed en route, or are
placed in holding patterns to await clearance to land at STIA. These conditions result in inefficient
operation of the existing airfield, as described in the FEIS (FAA 1996) and FSEIS (I::AA 1997).

With or without airport development, airport activity will increase as a consequence of regional
population growth. As aviation demand grows, aircraft operating delay will increase exponentially.
The increased passenger, cargo, and aircraft operations demands will place increasing burdens on
the existing terminal and support facilities. Without improvements, the roadway system, terminal
space, gates and cargo and freight processing space would become more inefficient and congested,
and the quality of service would be reduced.

The proposed Master Plan Update addresses the following needs:

• Improve the poor weather operating capability to accommodate aircraft activity with an
acceptable level of aircraft delay.

• Provide sufficient runway length to accommodate either warm weather operations or
payloads for aircraft types operating to the Pacific Rim.
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• Provide Runway Safe W Areas (RSAs) that meet current Federal Aviation Admimstmtion

(FAA)standards.

• Provide efficient and flexible landside facilities to accommodate future aviation demand.

1.2 KEY PROJECT ELEMENTS

The proposed Master Plan Update includes the following major components:

• Establishing standard RSAs for existing Runways 16R/34L and 16L/34R

• Adding a third parallel runway (16X/34X) with a length of g,500 fl and associated taxiway
and navigational aids

• Extending Runway 34R by 600 ft to the south

• Adding a new air traffic control tower

, Relocating South 154 = Street to accommodate the RSAs and tkird runway

• Improving and expanding the main L_minal and access system

• Developing new parking facilities and expanding existing facilities

• Developing a new north unit terminal, roadway syst_a, and parking facility

• Developing the South Aviation Support Area (SASA) for cargo and/or maintenance
facilities

• Relocating, redeveloping, and expanding support facilities

Airport impmv_nents that will affect wetlands and streams are the RSA extensions and relocation
of South 154 = Street, the new (third parallel) runway, development of on-site borrow sources to

provide fill for the runway, and the development ofa SASA_

The project area is located at and near the STIA in SeaTac, Washington (Figure l-l). Areas near
the airport where construction activities could affect wetlands are discussed below.

1.2.1 Runway Safety_ Areas and Relocation of South 154 _ Street

The RSAs at the north end of the airfield (for Runways 16L and 16R) will be extended to meet
FAA regulations (Figure 1-2). These safety area extensions will require the relocation of South
154= Street about 250 fl north of its existing location.
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1.2.2 New Third Runway

An 8,500-firunwaywillbeconstruct_about1,000fiwestofexistingRunway 34L. Construction

ofthethirdrunwayalsorequiresrelocationofSouth154_Su'c_tnorthofitspresentlocation.Land

for the new runway includes areas owned by the Port of Seattle (east of 12= Avenue West) and

areas in private ownership (the acquisition area) (see Figure I-2). The acquisition area is located
between 12" Avenue West, Des Moines Memorial Drive, South 176 = Street, and South 147 = Street.

In addition to accommodating the new runway, the acquisition area will be used for stormwater
management facilities, construction staging, and as a buffer between the airfield and residential
areas farther to the west. Construction staging uses m the acquisition area could include vehicle
and equipment parking, material storage, consmlction stormwater treatment facilities, and
temporary officefacilities.

1.2.3 Borrow Areas

Several areas of Port-owned property will be developed to provide fill material for construction of
the new nmway (scc Figure I-2). Borrow Area I is located cast of Des Moines Creek and between
South 200 = Street and South 216 = Su_-_t. Borrow Ar_ 3 is located west of Des Moines Creek and
between South 200 = Street and 209 = Street. Borrow Area 4 is located between South 196= Street

and South 200 = Street, near 18= Avenue South. These borrow areas would be operated during the

dry season only, with disturbed areas hydroseeded or otherwise stabilized prior to late fall.

1.2.4 South Aviation Support Area

The SASA project site is located south and east of the airfield (sec Figure 1-2). The site includes

vacantlandbetweenSouth 188= Streetand South 200= Street,includingportionsof theTyee

ValleyCountryClub.PriortodevelopmentoftheSASA project,portionsofthissitemay be used

forconstructionstaging.Constructionstagingusescouldincludevehicleand equipmentparking,

material storage, construction stormwater treatment facilities, and temporary office facilities.

1.2.5 Overview Of the Mitigation Plan

The Master Plan Update improvement projects also include the natural resource mitigation required
to mitigate adverse impacts to the natural environment (wetlands, streams, floodplains, water

quality, and hydrology). These mitigation actions are evaluated as a part of the impact analysis
presented in this report. They are described in detail the Natural Resources Mitigation Plan:
Master Plan Update Improvements Seattle-Tacoma International Airport (Pararnetrix 2000b). The
mitigation focuses on compensatory mitigation to replace wetland and stream functions impacted
by the project. Key elements of the mitigation restore wetland functions such as sediment and

nutrient retention (water quality), surface water storage (flood water detention and storage), aquatic
habitat functions (e.g., instream aquatic habitat and riparian habitat), and organic carbon production

and export. In addition, the Port has made extensive efforts throughout the Master Plan Update
planning process to avoid, minimize, and rectify, as well as compensate for, adverse impacts.
Compensatory mitigation projects are summarized in Table 1-1.
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"fable l-l. Summary. of compensatory, mitigation (on- and off-s/te) for watershed, wetland, and stream impacts
at Seattle-Tacoma International Airport.

DescnpuonofImpact MitigationAcl3on Explanauon/Commem

On-Site Mitigation'

PermanentImpacts

Fill approximately 980 linear Relocate approximately Channel relocation will enhance aquatic habitat by
fi of Miller Creek channel to 1,080 ft of Miller Creek providing stream buffers and _ habitat
accommodate thirdrunway channel, features and increasing channel length by
embankmenL approximately 100 R.

Esmbli_ a buffer around the channel relocation

project with native u'ees and shrubs. (This buffer
extends mm the floodplain area.)

Filldrainagechannelsto Createnew drainage Createapproximately1,290ftofnew drainage
accommodatethirdrunway ChR--_Landestablish channel(s)withassociatedbufferhabitat.
embankment, protecuve buffers.

Fill approximately 8,500 cy Replace lost floodplain. Excavate approximately 9,600 cy to achieve storage
of Miller Creek flondplam to of 5.94 acre-ft from the Vtmca Farm site. providing
accommodate third runway an excess of 0.7 acre-fl of floodwater storage.
embankment and South 154"
Streetrelocation.

Impact approxnnately 18.37 Restore Vacca Farmto Approximately 9.0 acres of prior convened cropland,
acres of wetland during historic floodplain shrub farmed wetland, and existing low quality wetlands
construction of the third wetland, will be graded and planted with native trees, shrubs,
runwayernhankancntand andemergentspecies.Restorationoftheareawill
otherconsnmction-related stabilize soils, improve water quahty, and enhance
projects. Miller Creek habitat. It will reduce wildlife habitat

atn'acumtsand conformtoFAA mandates regarding
wildlifeamacumtsforairportsafety.

Remove bulkheadsandrestore25-Rbufferaround
LoraLake.

RestorationofentireVaccaFarm sitewillprovide
appmxamately17acresofenhancedstreamhabitat,
floodplainwetlands,aquatichabitatm LoraLake,
andbuffers.

Establishabufferbetween The bufferwillbeestablishedandenhancedby

the flondplam planting native upland trees and shrubs to provide
enhancement areaand Des approximately 1.5 acres of upland buffer.

Momes Memorial Drive. Enhance approximately 7.4 acres of wetlands along
MillerCreekbyremovmgstructuresand restonng
nativewetlandvegetation.
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Table 1-1. Summary.of compensatorymitiption (on- and off-site) for watershed, wetland, and stream
impactsat Sconie-Tscoma International Ah'port (continued).

Descnpuon of Impact Miugauon AcUon ExplauaUon/Comm_at

Restore wetlands on the Plant approxxmately 4,5 acres of lustonc peat
Tyee Valley Golf Course. wetlands m the Tyee Valley Golf Course Mingauon

Area and 1.0 acre of wetland m the west branch Des
Momes Creek buffer voth nauve shrub corranumues.

Plant native shrubs m appmxm_tely 1.6 acres of
buffer m the Tyee Valley Golf Course mitiganon area
and approxtmately 3.4 acres m the west branch Des
Momes Creek buffer. These enhancement will be
coordinated with Des Momes Creek Basra

Comnnttee planned RDF.

The enhancement and RDF will nnprove hydrologic
functions of the watershed, reduce wildlife am-actams
nearthe airfield, and restore a peat wetland.

Temporary.Impacts"
Conslruct temporary Restore wetland areas after Wetlands that will be t_,9,orarily filled or disturbed
stormwatermanagement conslncUon is complete, will be restored. Restoration will include establishing
ponds and other construction pre-dismrbance topography and planung with nanve
L,npacts, which may impact shrubvegetation.
up to 2.05 acres of wetland.

Indirectand Cumulalive Impacts"

Filled wetlands nearMiller Establish and enhance Establ_h a 100-fl buffer (on average) on both sides
Creek reduce aquatichabitat buffers along Miller Creek of Miller Creek:minimum buffer width on the east
value of the creek, comdor between South side of the sueam will be 50 ft. These buffers will

156" Street and Des provide approximately 40 acres of riparianbuffer
Moines Memorial Drive. habitat.

Establish a 25-ft buffer

aroundLoraLake. Approximately 0.60 ace ofbufferaroundLoraLake
will be convened from lawn to native wetland and
upland shrubvegetation.

Additional developmenz m parucipate m developing These planning processes will identify effective,
the watersheds could result and implemenung Miller long-term solutions to restore additional fish habitat
m additionalcumulative CreekandDesMomes toMillerandDes Momcs Crecks.The Portwill

trnpacts. Creek basraplans, conn'ibuteboth staffmg resources and funds, and
work with other coopcraung jurisdictions to plan and
implement appropriate watershed restorauon
projects.

Wetland Functwnal Assessment and Impact Analys_s December 2000

Seattle-Tacoma lnternanonal Airport 1-7 556-2912-001 (03)
Master Plan Update G_,,*,_'W.'_J.'gI.'OI_..L, Oaat.¢_, _,,,e_l w_l..al._,_.d._

AR 048137



Table 1-1. Summary. of compensator" mitigation (on- and off-site) for watershed, wetland, and stream
impacts at Seattle-Tacoma International Airport (continued).

DescriptionofImpact MitiganonAction Explanation/Comment

The runway fill or borrow Deszgn mtemal drama_e Subsurface and surface replacement channels will
areaexcavauon may and conveyance channels, contmue to collect and distribute groundwater
elimmate water sources that currentlysurfacing near 12= Avenue South to Miller
contributeto relrvtmining Creek and associated wetlands.

wetlands down slope of the Monitor wetlands adjacent Surface drainage patterns and conveyance swales rill
runway, to the thirdrunway be designed to collect and disu'ibme groundwater

emb_nkvnentand borrow seepage and surface nmoffto wetlands downslope of
areas, the borrow areas.

Wetlands subject to potential indirect impacts will be
monitmed to determine ffunmitagated redirect
impacts have occurred. If significant new wetland
/mpac_ are verified, co:rectlve actions willbe
implemented.

Off-Site Mitigation

Permanent Impacts

Loss of approximately 18.37 Replace high quality Due to conflicts with avian habitat and aviauon
acres of wetland wildlife wetland and avian habitat safety concerns, new wetlands habitat will be created
(avian)habitat. functions off-site at an at a 67-acre site in Auburn, Washington. This

overallratioof2:l. wetlandcreationwillincreaseoverallavian andother

wildlifeuseanddiversityinanareathatwillnot
compromise aviation safety.

a Allrnitigauonareas(including,butnotlimitedto,streams,wetlands,buffers,andfloodplains)locatedvathinI0,000

fi of a runway shall be subject to the provisions of the Port's Wildlife Hazard Management Plan (U.S. Department
of Agriculture2000) for the management of wildlife and wildlifeattractant areas.

1.3 WETLAND DELINEATION

Wetlands in the study area: were identified through wetland delineation studies completed by FAA
(1996) and Parametrix (2000a). Studies completed by Parametrix update wetland delineations and

inventories completed in support of the EIS and FSEIS. While the focus of the delineation was

within the acquisition area, all project areas for the Master Plan Update were re-evaluated for the
presence of wetlands.

All wetlands were delineated between 1998 and 2000 using the criteria described in the U.S. Army

Corps of Engmeers (ACOE) Wetlands Delineation Manual (Environmental Laboratory 1987). The

delineated boundaries were surveyed, mapped, and field verified by ACOE personnel.

Incorporation of these survey data into a geographic information system (GIS) system allowed

calculation of wetland areas, mapping of wetlands, and calculation of wetland impacts.

2 The studyareaaddressedinthisreport and thesupportJslgwetlanddelineationreportincludesallareaswhere

developmentforMasterPlanUpdatemTprovememsareplannedaswellasadjoiningareaswherermtigationisplanned
orwhereredirectnroactswouldoccur(seeFigureI-2).
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Over 117 wetlands, 12 ponds, and 8 channels (excluding Miller and Des Momes Creeks) totaling
I 15.9 acres have been delineated at Master Plan Update improvement sites. Additional wetlands
known to exist nearby {see Secuon 1.4) increase the total to more than 200 acres: (Table I-2,

Figures I-2, I-3, and I-4). Approximately 18 acres of wetlands could be directly affected by
development proposed m the Master Plan Update.

1.4 SIGNIFICANT WETLANDS AVOIDED BY MASTER PLAN IMPROVEMENTS

Over 200 acres of wetland are known to exist on or near STIA, and it is likely that un-invemoried
wetlands exist on private property elsewhere m the watershed where detailed studies have not been

completed. Un-inventoried wetlands are likely to include numerous small wetlands in developed
and partially developed residential areas. These wetlands are likely to be similar in character and
functiontomany ofthesmallerwetlandsoccumng withintheacquisitionarr,a.

Whilea numberofsmallwetlandswouldbe impactedoreliminatedby theproposedMasterPlan

Updateimprovements,severallargewetlandcomplexesbothon-siteand nearbywould not bc

affectedby the improvements.These wetlandscontainphysicaland biologicalfeaturesthat
indicatetheyprovidea varietyof wetlandfunctionswithinMillerand Des Moines Creek

watershedsatmoderatetohighlevels.Thesewetlandsarediscussedbrieflybelow.

A 30-acrewetland(Wetland43,seeTableI-2and FigureI-3)occursbetweenDes Moines Way
and StateRoute (SR) 509 immediatelynorthof South 176" Street.Thiswetlandcontainsa

diversityofvegetationtypes,includingforested,shrub,emergent,and openwaterwetlandclasses.

WalkerCreekflowsthroughthewetland.The diversityofplanttypes,thepresenceofpermanent

openwater,andhydrologicconnectionstoWalkerCreekindicatethewetlandprovidesmoderateto

highbiologicalfunctionsfora varietyof wildlifegroups(residentfish,passerinebirds,small

mammals, amphibians,and waterfowl).Itslocationneartheheadwaters,thepresenceofadjacent

developments,and topographicconditionsinthedepressionthewetlandoccupiesallsuggestitalso

providessubstantialbaseflowsupport,surfacerunoffstorage,sedimenttrapping,and waterquality
benefits.

A 17-acre wetland (see Figure 1-2) occurs north of SR 518 and includes Tub Lake. This wetland

contains forest, shrub, emergent, and open water wetland habitats, and Miller Creek flows through
the wetland. The diversity of wetland classes, the presence of permanent open water, connections

to other undeveloped land, and hydrologic connections to stream habitat result in moderate to high
biologic function for a variety of wildlife groups (resident fish, passerine birds, small mammals,

amphibians, and waterfowl). The location near the headwaters of Miller Creek, presence of upslope
development, and topography of the basin indicate the wetland provides major base flow support,
surface runoff storage, sediment trapping, and water quality benefits.

Thisnumberincludes115.89acresreportedm TableI-2andwetlandsassociatedwithBow Lake(25acres),Tub
Lake(17acres),andothernearbysignificantwetlands(49.7acres)describedm Section1.4.
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Table1-2. Summary.ofwetlandareasintheSeattle-TacomaInternationalAirportMasterPlanUpdatearea,

Wetland" Classificat/on * Area (Acres) Drainage Basin

North Employee Park/n 8 Lot Area
1 Forest 0.07 Miller

2 Forest 0.73 Miller
Subtotal 0.80

Runway Safe_" Area Extension
3 Forest 0.56 Miller
4 Forest 5.00 Miller

5 Fovtst/Scrub-Shrub 4.63 Miller

6 Scrub-Shrub 0.86 Miller

Subtotal 11.0S

Runway Project Area
Airfield

7c Forest/Open Water/Emergent 6.68 Miller

8 Scrub-Shrub/Emergent 4.95 Miller

9 Forest/Emergent (40/60) 2.83 Miller
10 Scrub-Shrub 0.31 Miller

11 Fore_/Eme_ent (80/20) 0.50 Miller

12 Forest/Emergent (20/80) 0.21 Miller
13 Emergent 0.05 Miller
14 Forest 0.19 Miller

Airfield

15 Emergent 0.28 Miller

16 Emergent 0.05 Miller

17 Emergent 0.02 Miller

18 Forest/Scrub-Shrub/Emergent(50/20/30) 3.56 Miller
19 Forest 0.56 Miller

20 Scrub-Shrub/Emergent(90/10) 0.57 Miller
21 Forest 0.22 Miller

22 Scrub-Shrub/Emergent (90/10) 0.06 Miller

23 Emergent 0.77 Miller

24 Emergent O.14 Miller

25 Forest 0.06 Miller

26 Emergent 0.02 Miller
Wl Emergent O.10 Miller

W2 Forest/Emergent (20/80) 0.22 Miller

Other Waters ofLhe U.S. 0.02 Miller
FarmSite

FW 1 Farmed Wetland 0.03 Miller

FW2 FarmedWetland 0.09 Miller

FW3 FarmedWetland 0.59 Miller

FW5 Fanned Wetland 0.08 Miller

FW6 Farmed Wetland 0.07 Miller

FW8 Farmed Wetland 0.03 Miller
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Table I-2. Summary. of wetland areas in the Seattle-Tacoma International Airport Master Plan Update
area (continued).

Wetland" Classification b Ares (Acres) Drainage Basin

FW9 Farmed Wetland 0.O1 Milier

FW 10 Farmed Wetland 0.02 Miller

FWI I FarmedWetland 0. II Miller
Other Waters of the U.S. 0.02 Miller

West Acquisition Area
35a-d Foresl/Emergent (40/60) 0.67 Miller

37a-f Fot__.mergent (70/30) 5.73 Miller

39 Forest/Scrub-Shrub/Emergent(25/50/25) 0.90 Miller
40 Scrub.Shrub 0.03 Miller

41a and b Emergent/Open Water 0.44 Miller
44a and b ForesffScmb-Shrub (70/30) 3.08 Miller

A1 Forest/Scrub-Shrub/Emergent(15/15/'/0) 4.66 Miller
A2 Scrub-Shrub 0.05 Miller

A3 Scrub-Shrub 0.01 Miller

A4 Scrub-Shrub 0.03 Miller

A5 Emergent 0.03 Miller
A6 Forest 0.16 Miller

A7 Forest 0_30 Miller

A8 Forest/Scrub-Shrub (30/70) 0.38 Miller
A9 Scrub-Shrub 0.04 Miller

A 10 Scrub-Shrub 0.01 Miller

A 11 Scrub-Shrub 0.02 Miller

AI2 Scrub-Shrub O.11 Miller

A13 Forest 0.12 Miller

A l4a and b Forest/Scrub-Shrub/Emergent (50/25/25) O.19 Miller
A 15 Emergent 0.04 Miller

A 16 Serub-Shxub/Emergcot (20/80) 0.09 Miller

A i7 Forest/Scrub-Shrub/Emergent (20/80) 2.66 Miller
A 18 Scrub-Shrub 0.01 Miller

A 19 Emergent 0.04 Miller
Lora Lake Open Water 3.06 Miller

Other Waters of the U.S. 0.33 Miller

Riparian Wetlands

R 1 Emergent 0.17 Miller

R2 Scrub-Shrub/Emergent (70/30) 0.12 Miller
R3 Scrub-Shrub 0.02 Miller

R4 Emergent 0.11 Miller

R4b Forest/Emergent (25/75) 0.11 Miller

R5 Emergent 0.05 Miller

R5b Forest/Emergent (25/75) 0.07 Miller

R6 Forest/Emergent (25/'75) 0.21 Miller

R6b Emergent 0.09 Miller

R7 Forest/Emergent (25/75) 0.04 Miller

R7a Emergent 0.04 Miller

Wetland Functional Assessment and Impact Analysu December 2000

Seattle- Tacoma International Airport 1-11 556-2912-001 (03)
Master Plan Update a:_m,,_a_,ct._sJ.,cs.,o_,ooo _,m a_=,,_a,_aw_,_ J_._

AR 048141



Table 1-2. Summary. of wetland areas in the Seattle-Tacoma International Airport Master Plan Update
area (continued).

Wetland" Classificotion ' Area (Acres) Drainage Basin

R8 Scrub-Shrub/Emergent (40/60) 0.40 Miller

R9 Forest 0.38 Miller

Rga Forest/Scrub-Shrub/Emergent (25/50/25) 0.74 Miller

Rl 0 Scrub-Shrub 0.04 Miller

RI 1 Emergent 0.42 Miller
R12 Fores_ 0.03 Miller

R13 Emergent 0.12 Miller

R 14a Scrub-Shrub/Emergent(25/27) 0.13 Miller

R 14b Fmc.rgent 0.08 Miller

R15a Forest/Scrub-Shrub/Emergent (25/65/I0) 0.79 Miller

RI 5b Forest/Emergent (25/75) 0.25 Miller
R17 Forest 0.31 Miller

Subtotal 51.33

Borrow Area I

32 Emergent 0.09 Des Momes

48 Forest/Emergcot (20/80) 1.58 Des Momes
B 1 Forest/Scrub-Shrub(30/70) 0.27 Des Moines
B4 Scrub-Shrub 0.07 Des Momes

BI I Emergent 0.18 Des Momes
B12d Scrub-Shrub 0.63 Des Momes

BI4 Scrub-Shrub/Emergent (70/30) 0.78 Des Momes
B15 a and b d Scrub-Shrub 2.05 Des Momes

OtherWaters of U.S. 0.01 Des Momes

Subtotal 5.66

Borrow Area 3

29 Forest 0.74 Des Moines

30 Forest/Scrub-Shrub (80/20) 0.88 Des Momes

B5 Forest/Scrub-Shrub(40/60) 0.08 Des Momes
B6 Forest/Scrub-Shrub(3070) 0.55 Des Momes

B7 Forest/Serub-Shrub (30/70) 0.03 Des Momes
B9 Forest 0.05 Des Momes

B10 Forest 0.02 Des Momes

Subtotal 2.35

South Aviation Support Area (SASA)/Tyee Valley Golf Course

28d Scrub-Shrub/Emergent/OpenWater (50/30/20) 35.45 Des Momes

52 Forest/Scrub-Shrub/Emergent (80/20/20) 4.70 Des Momes
53 Forest 0.60 Des Momes

G l Emergent 0.05 Des Momes

G2 Emergent 0.02 Des Momes

G3 Emergent 0.06 Des Momes

G4 Emergent 0.04 Des Momes

G5 Emergent 0.87 Des Momes

G6 Emergent 0.01 Des Momes

G7 Forest/Scrub-Shrub (30/70) 0.50 Des Momes
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Table 1-2. Summary. of wetland areas in the _.attle-Tacom luterualJonal Airport Master Plan Update
area (continued).

Wetland * Classification b Area (Acres) Drainage Basin

G8 Emm_cnt 0.04 Des Momes

WH Open Water 0.25 Des Momes

DMC ForcsqScrub-Shrub/Emergcm 1.08 Des Momes
Subtotal 43.67

IWS Area

I'W'Saandb Forest 0.67 DesMomes

Subtotal 0.67

South Aviation Support Area Detention Pond
E1 Forest 0.23 Des Momes

E2 Forest 0.04 Des Momes
E3 Forest 0.06 Des Momes

Subtotal 0.33 Des Moines

TOTAL 115.86

" Due to the number of wetlands, the_ location within the project area, and the history of their documenmuon, a
wetland labeling protocol was developed.

• Wetlands with numbered designations (e.g., Wetland 35 or Wetland 44) were described by Shapwo and
Assocmms, Inc.(FAA 1995).

• Wetlands with an 'A' designation (e.g., Wetland A5 or AI0) are new wetlands occun-mg within the west
acquisiuon area.

• Wetlands with an 'R' designation (e.g., Wetland R5 or R6) are new riparian wetlands occunmg within the
west acqmsition area.

• Wetlands with a 'W' designation (e.g., Wetland Wl or W2) are new wetlands occurring within the west
airfield area.

• Wetlands with a 'G' designation (e.g., Wetland G5 or G6) are new wetlands occurring within the Tyec Valley
Golf Course or the SASA areas.

• Wetlands with an 'E' designation (e.g., Wetland El or E2) are new wetlands occuning within the SASA
detennon pond area.

• Wetlands with an 'IWS' designation (e.g., IWSa and IWSb) arenew wetlands occurring near the I'WS lagoon.
• Wetlands with a 'B' designation (e.g., Wetland B5 or BI0) are new wetlands occurrmg within the borrow

sites.

• Wetland numbers followed by a small case leuer designate subsections of a wetland (i.e., Wetland 35a, or 35b)
where consn'ucted features (i.e., driveways) fragment a larger wetland.

b Numbers mchcateapproxmmte percentage of cover by respective wetland classes (Cowardm et ak 1979).
c Includes Lake Reba.

d Pomons of the wetland areaare esRmated.
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Bow Lake is a 25-acre wetland (Figure I-4) located east of28 _ Avenue South and north of South
188_ Street. This wetland contains open water and shrub vegetation classes, and forms the
headwaters of the cast branch of Des Moines Creek. The biological functions of the wetland are

limited by the proximity of adjacent commercial and residential development; however, the wetland
likely provides moderate biological function for passerine birds, small mammals, waterfowl, and
amphibians. Physical functions likely provided by the wetland include groundwater recharge,
storage ofrtmoff, and water quality benefits.

Wetland 28 (see Table I-2 and Figure I-4) is adjacent to the west side of Tyee Valley Golf Course
and is about 35 acres. The wetland is composed of open water, emergent, and shrub wetland

habitat. A tributary of Des Moines Creek flows through the wetland. The presence of open water,
habitat diversity, and hydrologic connections to stream habitat result in moderate to high function
for a variety of wildlife groups (resident fish, passm-ine birds, small mammals, amphibians, and
waterfowl). The wetland is headwaters of the west branch of Des Moines Creek, is downslope of
developed areas, and because of its topographic setting, it provides base flow support, surface
runoff storage, sediment trapping, and water quality benefits.

Additional wetlands, Wetlands 43, 51, and A20, are located near Master Plan Update
improvements, but will not be impacted by the improvements (Table 1-3). Delineated portions of
these wetlands that are close to construction activities were confirmed by ACOE. Wetland A20 is
located in the west acquisition area but will not be affected by Master Plan Update improvements
and was not confirmed by ACOE.

Table 1-3. Significantwetlandsnear theSTIAprojectarea(areas areestimated).

Wetland Classification" ApproximateArea(Acres) DrainageBasin

43 Forest/Scrub-Shrub/Emergent(25/50/25) 33.4 Miller

51 Forest/Scrub-Shrub(30/70) 16.0 DesMomes

A20 Emergent 0.3 Miller

Total 49.7

• Numbersindicateapproramatepercentageofcoverbyrespectivewetlandclasses(Cowardinetal.1979).

A seriesofwetlands(Wetlands3,4,5',6,7,8,and 9;seeTablel-Iand FigureI-3)totalingabout

25 acrescomprisethe MillerCreek detentionfacility.The wetlandsconsistof open water,

emergent,shrub,and forestedwetlandsthatarehydrologicallyconnectedto MillerCreek. The

diversityofwetlandclasses,permanentopenwater,and hyrdologicconnectionstostreamhabitat

indicatethewetlandsprovidemoderatetohighbiologicalfunctiontoavarietyofwildlifegroups
(residentfish,passerinebirds,smallmammals, amplfibians,andwaterfowl).The locationnearthe

headwaters,presenceof adjacentdevelopments,and topowaphicconditionssuggestthewetland

complexalsoprovidesphysicalfunctionssuchasbaseflowsupport,surfacerunoffstorage,and
sedimenttrapping.

' Minor (0.14acre)fill nnpactslikelywill occurm Wetland5. Becauseof the small areaaffected,locationupslope of
the floodplain, and proxm'ntyto other disturbance, the overall functions provided by the wetland will not be
stgnificantlyaffected.
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2. METHODS

Methods used to analyze impacts to wetlands are described in this chapter. The methods for
evaluating impacts to wetland acreage affected by the project are described in Section 2. I. Impacts
to the ecological functions provided by wetlands arc described in Section 2.2.

2.1 IMPACTS TO WETLAND AREA

2.1.1 Direct Impacts

Direct impacts were considered to occur in those areas where wetlands would be filled by project
development. These areas were calculated using engineering design data and maps of delineated

wetland boundaries. These data were incorporated into GIS map layers, from which fill impacts
were calculated. While most direct impacts would be permanent, some impacts are temporary, and
result fi'om the need for temporary stormwater management facilities during the construction
period.

2.1.2 Indirect Impacts

Indirect wetland impacts were defined as potential wetland impacts (excluding filling) that could
affect the existence and ecological function of wetlands located near areas developed as part of the

Master Plan. Examples of indirect impacts include alteration of surface or groundwater hydrology,
changes in water quality, construction and operational noise, human disturbance, and landscape
changes. For this analysis, indirect impacts were grouped as temporary (short term during project
construction) and operational (those that occur throughout the life of the project). Temporary
impacts include wildlife disturbance during construction and potential water quality impacts due to
stormwater nmoff during consn'uction. Operational impacts include wildlife disturbance fi'om

airport operations and potential hydrologic modifications to wetlands downslope of the project.

2.2 IMPACTS TO WETLAND FUNCTIONS

2.2.1 Background

In addition to determining wetland areas potentially affected by the project, impacts to wetland
functions s were also evaluated. Wetlands perform numerous ecological functions. However, for
the purposes of this analysis, and consistent with implementation of Clean Water Act Sections 404

and 401, this study focused on beneficial biological and physical (hydrologic and water quality)
functions that wetlands provide to their watersheds. These functions are:

Wetland funcuons are the physical, chemical, and biological processes and interactions that occur in a wetland.
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. Supports resident and anadromous fLsh. Wetlands can provide direct habitat for fish. or

provide indirect support to fish habitat by a number of processes.

. Provides habitat for song birds. A variety of avian species use wetlands for foraging and

nesting habitat.

• Provides waterfowl habitaL Wetlands frequently provide aquatic and serni-aquatic habitm

used by waterfowl for nesting and foraging.

• Provides amphibian habitat. Wetlands with seasonal ponding may be breeding and

rearing habitat for amphibians, which then d/sperse to adjacent upland areas.

• Provides small mammal habitat. A variety of small mammals forage in and adjacent to
wetlands. Some small mammals (beaver and muskrat) live in certain types of wetlands.

• Exports organic matter. Organic matter produced in wetlands (live or dead plant material,
aquatic or terrestrial insects, etc.) can be exported to downslope areas and serve as food
resources for other organisms.

• Maintains groundwater exchange. Wetlands can be areas where groundwater is

discharged and ent_s surface water drainage systems. Less frequently, they are areas where
surface water collects and recharges groundwater aquifers.

• Provides flood-storage and runoff desynchroaization. Wetlands in floodplains store
floodwater and can reduce downstream flooding. Other wetlands slow surface water runoff

rates, which can also reduce peak runoff rates.

• Enhances nutrient retention and sediment trapping. Wetlands that reduce water
velocities are areas where sedimentation occurs. Nutrients and pollutants arc oflen attached

to these sediments. Chemical and biochemical processes in wetlands can also remove
nutrients and other chemical pollutants fi'om surface water. These processes can improve
the quality of surface water flowing through a wetland.

Several functional assessment methodologies are available to estimate wetland functions; these

include the Wetland Evaluation Technique (WET) (Adamus et al. 1987), Hydrogeomorphic

Classification for Wetlands ('Briuson 1993), and the Wetland Values: Concepts and Methods for
Wetland Evaluation (Reppert et al. 1979). Functional assessment methodologies for wetlands
typically identify and evaluate physical and biological attributes that provide predictive rather than
direct measurements of specific ecological functions (Reimold 1994). Due to the limitations of

many of the available functional analysis methods, expert opinion is also important when assessing
wetlands for indicators of functions (Washington State Department of Ecology [Ecology] 1996;
Solomon and Sexton 1994).

Assessment methodologies typically do not recognize local variations in small wetlands on a scale

such as the Master Plan Update improvement study area. Many of these methods emphasize the
importance of waterfowl and flood control functions of wetlands (Adamus et al. 1987), but they do
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not address functions of smaller wetlands that lack aquatic habitat (typical of many wetlands within

the Master Plan Update improvement study area) (Ecology. 1996).

Because of the diversity of wetland systems nationwide, functional assessment procedures may not

recognize regional variations in wetland functions. To addrras this gap in assessment
methodologies, Hruby et al. (1995) developed a numeric assessment methodology. (Indicator Value
Assessment, or IVA) that establishes relative functional performance scores for wetlands within a

limited geomaphic region. This system is based on assignment of the importance of functional
indicators and the use of a numeric model (developed for the specific analysis area) to calculate the

performance score. However, these models do not exist for most wetland types found in the project
area. Ecology is developing wetland functional assessment models for a variety of wetland types in
western Washinmon; however, these models are not yet available.

2.2.2 Assessment Methodology

Due to the limitations described above, a combined approach was used to assess wetland functions

for this project. Biological and physical functions of wetlands were determined by evaluating a
variety of wetland attributes (Tables 2-1 and 2-2). These attributes were identified using best
professional judgement, as well as regional and national functional assessment methodologies (e.g.,
Hruby et al. 1995; Adamus et al. 1987; Smith et al. 1995; Reppert et al. 1979; Solomon and Sexton
1994; Ecology 1993). The attributes indicate the quality of functions provided within the wetland,
its buffer, and its associated watershed. For biological functions, the attributes examined focused
on structural complexity, hydrological connectivity to other aquatic habitat, hydrodynamics, habitat
quality, and the degree of human disturbance. For physical functions, the attributes examined also
focused on hydrodynamics, hydrologic connectivity, the degree of disturbance, as well as sediment

transport. The presence, absence, and nature of these attributes helped determine the functions
provided by the wetlands.

Table 2-1. Wetland attributes¢onsideredin evaluating biologicalfunctionsof wetlands impacted by the
proposed MasterPlan Updateimprovements.

Funcuon

Resident/
AnadromousPasserine Small

WetlandAttribute Fish Birds Waterfowl Amphibians Mammals

WetlandPhysicalAttributes
Sizeof wetland X X X X

Wetlandishydrologicallyisolated X X X X

Wetlandishydrologicallyconnectedto fish-bearing X X X X X
stream

Wetlandditchedor drained X

Connectionof wetlandto other naturalareas X X X X

Seasormliry.frequency,and amountof floodingm x x x x x
wetland

Depthand areaof seasonalopenwater X X X X

Depthand areaof permanentopen water X X X X
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Table 2-1. Wetland attributes consideredin evaluating biologics]functionsof wetlands impacted by the
proposedMaster Plan Updateimprovements(continued).

Funcuon

Resident
Anadromous Passerine Small

Wetland Am'ibute Fish Birds Waterfowl Amphibians Mammals

Hummocks/islands present in wetland X X X X
Wetland cultivated X X X X

Evidence of impacts fi-omexcess numents, toxic X
matermls, or sediments

Buffer attributes

Amount ofimpervioussurface within watershed X X X

Bufferisdiscontinuousbycrops,pasture,orurban X X X X

yard

Amount ofbuffer m fores_ shrub, or undistm'bed X X X X
grasscommu_ues

Upland/wetlandedgeirregular(W:L ratio>2:1) X X X X X

Vegetation Attributes

Number ofvegetationclasses(verticalhabitat X X X
diversity)

Interspersionofvegetationclasses X X X X

Amount, diversity, and size offorestedcon_nunities X X X X

Evidenceofseasonalpondingm forestvegetation X X X
classes

Areasofaquaticbedvegetation X X X

Areas permanently ponded with emergent X X X X
vegetation

Areasseasonallypondedwithemergentvegetation X X X X

Interspersion of waterand emergent vegetation X X X X

Ratio of native to non-native vegetation X X X X

Amount anddiversityofshrubcon-anunities X X

Buffervegetationisdeciduous,coniferous,or X X
mixed

Avmn perchsitesadjacenttoorabovewater X X

Large woody debris present X X X X

Standing dead trees > 12" diameter within wetland X X X
and buffer

Stream Attributes

Documented evidence of use by fish (within 3 yrs) X X

Stream channelsinuous X X

Evidenceoferosionandhighstreamvelocmes X

Poolsandrifflespresent X X X X

Spawning gravels present X

Presence of undercut banks X X

Stream channel shaded by vegetation X X X

Presenceof seepsandsprings X X X
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TabJe 2-2. Wetland attributes considered in evaJuatmg physical functions of wetlands impacted by the

proposed Master Plan Update improvements.

Funcnon

Nutrient '

Exports Groundwater Flood Sechment
Wetland Attribute Carbon Exchange Storage Trapping

Wetland ditched or drained X X X X

Wetland contains seasonal open water X X X X

Wetland contains permanent open water X X X

Muluple channels within wetland X X

Wetland disch_mg to stream X X X X

Receives stormflood water X X X

Wetlandhasfluctuatingwaterlevelsthroughoutyear X X X

Interspersionofvegetanonandopenwaterareas X X

Evidenceofbeaverdams X X X X

Amountofvegetationpresentm floodedportionsofwetland X X

D_rectevidenceofsedimenttrapping X

Outflow present during su.um'r but no inlet X X

Topography of wetland relative to outlet X X X
Wetland has no inlet and no outlet X X X

Wetland has outlet but no inlet X X

Wetland has inlet but no outlet X X X X

Presence of orgamc soils X X

Underlying soil is clay, till or hardpan X

Wetland m pasture or cultivation X X

Amountandtypeofhumanactivitiesm upsn_arnwatershed X X

Man-madedetention X X

Five biological functions were examined. These functions determine the degree to which the

wetland: (1) supports resident and anadromous fish, (2) provides passerine bird habitat, (3)

provides waterfowl habitat, (4) provides amphibian habitat, and (5) provides small mammal habitat.

This assessment relied heavily on the factors incorporated into Ecology's wetland rating system
(Ecology 1993) as indicators of significant wildlife habitat (i.e., Category I and Category II
wetlands).

Four physical functions provided by wetlands were also examined. These functions examined the

wetlands' ability to: (1) export organic matter to downslope systems, (2) maintain groundwater

exchange, (3) provide flood storage, and (4) enhance nutrient retention and sediment trapping.
Wetlands with similar landscape positions, water sources, and hydrologic fluctuation (i.e., the same

hydrogeomorphic classification [Smith et al. 1995]) were compared. Wetland groupings in the
'_- study area were determined tobe:
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• Riparian. Wetlands directly adjacent to Miller or Des Moines Creeks.

• Slope. Wetlands that are generally free draining because they are on a hillside or slope.

• Depression. Wetlands that occur in topographic depressions, with or without resmcted
drainage outlets.

The functional assessment was completed on all wetlands impacted by proposed Master Plan

Update improvements and is discussed in Section 3. To facilitate summarizing impacts of the
project on wetland functions, the wetlands were grouped according to their physical and biolo_cal
similarities. The primary attribute that accounts for physical (hydrologic and water quality)
functions is whether the wetlands are riparian, slope, or depression (i.e., their hydrogeomorphic
classification ['I-IGM]). The primary attributes that control the biological functions are the types of

dominant vegetation present, vegetation structure, and habitat connectivity (particularly with other
aquatic habitats). For these reasons, the assessment is summarized by the U.S. Fish and Wildlife
Service CUSFWS) vegetation classes of wetlands impacted (palustrine emergent, palustnne shrub,
and palustrine forested) as well as their topographic occurrence in riparian, slope, or depression
areas (i.e., its hydrogeomorphic position).

Based on evaluations of the physical and biological indicators of wetland function observed in each

wetland, professional judgement, and knowledge of other wetland ecosystems in the Puget Sound
region (urban and non-urban), the functional performance of each wetland was evaluated.

Functional performance ratings were assigned as follows:

• High. The wetland contains several important characteristics required to perform the
function, and lacks indicators that prohibit the function from occurring in the wetland.

• Moderate. The wetland contains one or more characteristics required to perform the
function, however, several of these may be secondary indicators. The wetland may contain

one or more characteristics that interferes with or prevents optimal performance of the
function in question.

• Low. The wetland lacks significant indicators that the wetland could perform the function
in question. One or more indicators that the wetland does not perform the function are
typically present.
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3. RESULTS

Design of the STIA Master Plan Update improvements has focused, to the extent feasible and
practical, on avoiding impacts to wetlands and s_,ams. However, because of the design and siting
criteria for the various elements of the Master Plan Update improvements and the proximiD' of over
170 acres of wetlands to STIA, not all wetland impacts can be avoided. Based on the revised
wetland delineation data (Parametrix 2000a) and project design and planning reports (Appendices
A and B; FAA 1997; HNTB et al. 1999; Parametrix 2000c), approximately 18.37 acres of wetland

will be permanently impacted by the project (Table 3-1, and see Figures 1-3 and 1-4), and about
2.17 acres will be subject to direct temporary impacts during construction (Table 3-2). Finally,

implementation of wetland mitigation, both on the project site and at the off-site mitigation site,
will improve an additional 40.49 acres of lower quality wetlands in order to restore wetland
functions and compensate for unavoidable impacts to wetlands.

In addition to wetlands delineated and verified by ACOE, 7.88 acres of prior converted (PC)
wetlands were identified on Vacea Farm parcels (Appendix C, Parametrix 2000a). Most of these
PC wetlands (6.96 acres) are located within the Vacea Farm floodplain restoration area, and will be
restored to wetland as a result of on-site mitigation (Paramelrix 2000b). The remaining PC wetland
(0.92 acre) is located east of Miller Creek and will be impacted by relocation of South 154 = Street.

The functions provided by affected wetlands are discussed in Section 3.1. The information on

functions performed by the impacted wetlands, and the areas of impact, were used to evaluate the
temporary and permanent impacts of the project on wetland functions.

3.1 EXISTING WETLAND FUNCTIONS

Wetlands within the project area provide a variety of functions, and a range of wetland conditions
are present (Table 3-3). Impacted wetlands range from small, highly modified wetlands subject to

ongoing human disturbance, to wetlands that have been modified but are gradually recovering from
past logging or farming activities. Moderate to high habitat function occurs in larger wetlands (for

example Wetlands 30, 37, and A1) where native vegetation is recovering from past disturbances.
Low habitat functions typically occur in numerous smaller wetlands that are subjected to ongoing
disturbance and rarely contain surface water. Hydrologic and water quality functions of wetlands
vary depending on their landscape position and numerous site-specific factors. Several wetlands
(Wetlands 37, ,14, and 52) appear to provide groundwater discharge functions that enhance base

flow in adjacent streams. Wetlands A1 and 28 provide high function for reducing flood flow and
for water quality enhancement. The biological and physical functions of impacted wetlands are
discussed further below.

3.1.1 Biological Functions

Wildlife use of the study area and its associated wetlands is largely limited to species tolerant of
disturbance (McDonnell et al. 1993). The study area is fragmented by urban development, which

limits access to the area for most large mammals (Gardner et al. 1993). Faunal diversity is
frequently limited in wetlands because they are too small to meet habitat requirements for many
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Table 3-1. Summary. of permanent/HI impacts to wetlands in the proposed Seattle-Tacoma International
Airport Master Plan Update improvement area (in acres}.

Ecology Fill VegetanonTypesImpacted

Wetland Rating HGM ClassClassification Impact Forested Shrub Emergent

Runway Safety. Area

5 m Slope Shrub 0.14 0.07 0.07 0.00

Subtotal 0.14 0.07 0.07 0.00

Third Runway

9 ITI Slope Fomsted/Enmrgent 0.03 0.01 0.00 0.02

11 III Slope Forested/Emergent 0.50 0.40 0.00 0.10

12 Ill Slope Fot_t_I/I:_m_'gent 0.21 0.04 0.00 0.17

13 m Slope Enmgent 0.05 0.00 0.00 0.05

14 m Slope Forested 0.19 0.19 0.00 0.00

15 HI Slope Emergent 0.28 0.00 0.00 0.28

16 WI Depression Emergent 0.05 0.00 0.00 0.05

17 II1 Depression Emergent 0.02 0.00 0.00 0.02

18 n Slope Forested/Shrub/Emergent 2.84 1.28 0.75 0.81

19 HI Slope Forested 0.56 0.56 0.00 0.00

20 1I Slope Shrub/Emergent 0.57 0.00 0.51 0.06

21 Ill Slope Forested 0.22 0.22 0.00 0.00

22 m Slope Emergent/Shrub 0.06 0.00 0.01 0.05

23 IV Depression Emergent 0.77 0.00 0.00 0.77

24 Ill DepressionF_.mergent 0.14 0.00 0.00 0.14

25 Ill Depression Foresmd 0.06 0.06 0.00 0.00

26 IV D_ton Emergent 0.02 0.00 0.00 0.02

Wl Ill DepressionForested/Emergent 0.I0 0.00 0.00 0.I0

W2 III Depressmn Forested/Emergent 022 0.04 0.00 0.I8

35a-d III Slope Forested/Emergent 0.67 0.27 0.00 0.40

37a-f H Slope Forested/Emergent 4.09 2.84 0.00 1.25

39 II Slope Forested 0.02 0.00 0.00 0.00

40 Ill DepressionForested 0.03 0.00 0.03 0.00

41a and b III Depression Emergent = 0.44 0.00 0.00 0.44

44a and b II Slope Forested 0.26 0.18 0.08 0.00

A 1 II Depression, Forested/Shrub/Emergent 0.59 0.09 0.09 0.41
Ripanan

A5 IV Depression Emergent 0.03 0.00 0.00 0.03

A6 III Slope Forested 0.16 0.16 0.00 0.00

A7 III Slope Forested 0.30 0.30 0.00 0.00

A8 III Slope Forested/Shrub 0.38 0.07 0.31 0.00

A12 III Slope Shrub 0.08 0.00 0.08 0.00
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Table 3-1. Summary. of permanent fill impacts to wetlands in the proposed Seattle-Tacoma International
Airport Master Plan Update improvement area (in acres) (conthmed).

Ecology Fill Vegetanon Types Impacted
Wetland Rating HGM Class Classification Impact Forested Shrub Emergent

A 18 m Slope Shrub 0.01 0.00 0.01 0.00

FW5 and6 IV _ion, FarmedWetland 0.15 0.00 0.00 0.15
P.ipanan

RI Ill Riparian Emergent 0.13 0.00 0.00 0.13

Subtotal 14.23 6.73 1.87 5.63

South Aviation Support Area (SASA)

52 II Slope Forest/Shrub/Emergent 0.54 0.54 0.00 0.00

53 ll'I Depression Forested 0.60 0.60 0.00 0.00

E2 Ill Slope Shrub 0.04 0.04 0.00 0.00

E3 HI Slope Shrub 0.06 0.06 0.00 0.00

GI IV Slope Shrub (Slope) 0.05 0.00 0.05 0.00

G2 IV Slope Emergent 0.02 0.00 0.00 0.02

G3 IV Slope Emergent 0.06 0.00 0.00 0.06

G4 IV Slope Emergent 0.04 0.00 0.00 0.04

G5 W Slope Emergent 0.87 0.00 0.00 0.87

G7 Ill Slope Fort'g/Shrub 0.50 0.13 0.37 0.00

Subtotal 2.78 1.37 0.42 0.99

Borrow Area and Haul Road

28 II Depression, Emergent
Riparian 0.07 0.00 0.00 0.07

Bll Ill Depression Emergent 0.18 0.00 0.00 0.18

B12 b II Depression Emergent 0.07 0.00 0.07 0.00

B14 III Depression Shrub 0.78 0.00 0.55 0.23

Subtotal 1.10 0.00 0.62 0.48
Mitigation

Auburn Ill Depression Emergent
Area 7 0.02 0.00 0.00 0.02

Auburn Ill Depression Emergent
Area 9 0.03 0.00 0.00 0.03

Auburn III Depression Emergent
Area l 0 0.07 0.00 0.00 0.07

Subtotal 0.12 0.00 0.00 0.I 2

TOTAL 18.37 8.I7 2.98 7.22

= IncludesO.18acreofopenwaterhabRat.
b Thesewetlands extend off-site.
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Table 3-2. Summs_' of direct temporal, construction impacts to wetlands in the proposed Seattle-Tacoma
International Airport Master Plan Update improvement area.

Total Tempo_ Vegetanon Type impacted lacres_
Impact Area

Wetland Cla.ssificatmn a (acres) Forest Shrub Emergent

Runway Safe D" Area Extension

4 Forestedb 0.20 0.20 0.00 0.00

5 Forested/Shrub b 0.20 O.l0 O.l0 0.00

Third Runway

9 Forested/Emergent O.16 O.I I 0.00 0.05

18 Forested/Shrub/Emergent 0.2D2 0.04 0.07 0.l 1

37 Forested/Shrub/Emergent 0.71 0.50 O.l 0 0. I l

g4a Forested/Shrub 0.28 O.18 O.I0 0.00

A l Forested/Shrub/Emergent b 0.05 0.01 0.01 0.03

A 12 Shrub 0.03 0.00 0.03 0.00

A 13 Forested 0.01 0.01 0.00 0.00

R2. Emergent 0.02 0.00 0.00 0.02

South Aviation Support Ares

52 Forested/Shrub/Emergent b 0.17 0.00 0.05 0.12

TOTAL 2.05 1.15 0.46 0.44

• All wetlands are palustrme, based on USFWS wetland classification system (Cowardm et al. 1979).

b Temporary unpacts will be limited to installation of sediment fencmg and standard BMPs.
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wildlifepopulationsand thehighpercentageofurbanizationwithintheareamay limitthenumbers

and diversity, of amphibians present (Richter and Azous 1995). No federal or state-listed threatened
or endangered wildlife species use the areas planned for Master Plan Update improvements (FAA
1996). Coho salmon, a federal candidate species, occurs in Miller and Des Moines Creeks

downstream of development areas 0Villiams ct al. 1975). (Note: A complete analysis of project
impacts to listed species is presented in the BiologicalAssessment [FAA 2000].)

The forested wetlands within the study area lack true aquatic habitat (i.e., extended periods of
inundation), and the wildlife function of these wetlands is similar to that of upland areas with

comparable vegetation communities (Table 3-4). Small passerine birds {such as vaned thrushes,
orange-crowned warblers, black-uapped chickadees, and fox sparrows) use forested habitat in the
study area for nesting and feeding (Ehrlich et al. 1988). Forested areas are also used by small
mammals (including mountain beaver, raeeoort, opossum, Douglas squirrel and deer mouse) for
breeding and cover. Some amphibians (including northwestern salamander, Pacific chorus frog,
and rough-skinned newt) may use portions of the wetlands for resting, foraging, and breeding
('Nussbaurn et al. 1983).

Habitat functions of shrub wetlands include nest and cover habitat for songbirds (such as
Swainson's thrush, Bewick's wren, and kinglets) and small mammals (including the water shrew,
raccoon, opossum, and Norway rat) (Table 3-5; Richter and Azous 1995). Shallow areas of

seasonal ponding in shrub wetlands are uncommon, but when present they provide habitat for
amphibian breeding. Shrub wetlands lack the woody debris that is desirable to terrestrial
amphibians such as ensatina.

Emergent wetlands in the study area provide habitat to songbird species (such as red-winged
blackbirds and marsh wrens) that use the vegetation for nesting and foraging (Table 3-6). Small

mammals (such as muskrat and water shrew) forage on emergent vegetation. In certain wetlands
(Wetland A1) amphibian species (including long-toed salamander, western toad, and Pacific

treefrog) may use emergent vegetation that occurs in standing water for egg mass attachment.

Many of the emergent wetlands in the study area are small, isolated, and recently disturbed by
human activities. Wetlands located within the current airport operating area (AOA) and Tyee
Valley Golf Course are mowed several to many times per year. This mowing limits their function
as wildlife habitat. Most emergent wetlands have intermittent surface flows or seasonal standing
water, which also limits their overall habitat function.

The wildlife habitat functions are generally significant to the local vicinity (rather than to a larger
landscape or watershed) because urban development isolates the area for many terrestrial species of

wildlife (Gavareski 1976). Most of the wetlands are smaller than the habitat requirements of many
native mammal and bird species. The biological functions of many of the wetlands are further

limited by the lack of permanent open water, the short duration of seasonal ponding or soil
saturation, the amount of non-native plant species, and the fi'agrnented habitats. The wildlife

habitat function increases where trees and/or shrubs are adjacent to the grass-dominated emergent
areas (see Tables 3-4 and 3-5).
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3.1.2 Physical Functions

Wetlands affected by the Master Plan Update improvements are m'ouped by HGM classification
(i.e., riparian, slope, and depression) because the levels of hydrologic function these wetlands
perform are generally similar within each HGM class (Tables 3-7, 3-8, and 3-9).

Riparian wetlands on groundwater seeps adjacent to Miller and Des Moines Creeks function to
support stream base flows by providing seasonal or perennial sources of water and moderate stream
temperatures. Wetlands associated with the Miller Creek detention facility temporarily store
floodwaters, which may reduce downstream flooding and strearnbank erosion (Booth 1991;
Childers and Gosselink 1990). Other riparianwetlands help redtme peak flows by collecting and
storing storm runoff, thereby reducing the rate and volume of water that reaches the stream systems
during storms (Reinelt and Homer 1990, 1991; Mitsch and Gosselink 1993). All of the on-site
wetlands affected by the project have a limited ability to provide hydrological functions due to their
small size, lack of direct connections to the streams, or topographic conditions that limit the amount
and duration of seasonally detained stormwater.

The existing groundwater recharge function of the on-site wetlands also appears to be limited
because many of them occur on low permeability till soils (Alderwood Series). The wetlands have
formed in shallow depressions where a perched water table has developed. Due to the low soil
permeability, evapotranspiration, and the short duration of soil saturation, it is unlikely these small
wetlands contribute significantly to recharge of groundwater (FAA 1997).

3.1.3 Water Quali_

The effectiveness of wetlands in providing improved water quality is closely related to the
dominant water source and the presence or absence of an outlet. Water quality is also enhanced by
the presence of vegetation and by microtopography.

Slope wetlands are frequently supported by groundwater seeps with minor inputs of sediment or
pollutants from surface water sources. Those slope wetlands that receive storm nmoff from streets
or other sources provide biofiltration functions (Wetlands 18, 35, 37, 44, and A1), but the rate of
water flow through these wetlands may be too rapid for optimal removal of nutrients or pollutants.

In contrast to slope wetlands, depressional wetlands typically provide significant water quality
benefits if sediment or other pollutant sources enter them. When no outlet is present, depressional
wetlands retain sediments as well as the nutrients adsorbed to the sediments. Dentrification can
also occur in cases where soil is saturated for long periods.

Riparian wetlands are likely to be recipients of sediment, both from upslope sources and from
overbank flow. Nutrients such as phosphorus and other chemical pollutants that adsorb to
particulates are likely to accumulate in riparian wetlands. In addition, these wetlands are also sites
for dentrification when soil is saturated for long periods. Riparian wetlands may act as a sediment
source due to bank erosion that often occurs during periods ofhigh streamflow.
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4. IMPACT ANALYSIS

Permanent, temporary, and indirect impacts to wetlands are described in this section. The analysis
focuses on biological and physical functions that will be impacted by the proposed airport
improvements. Permanent impacts are considered to result fi'om direct filling of wetlands (Section
4.1). Temporary impacts are the short-t_m impacts due to construction in or near wetlands that
will end or be removed when construction is complete (Appendix A, Section 4.2). Potential
indirect impacts (Section 4.3) are largely associated with possible changes to wetland hydrology,

increased noise or human disturbance impacts to wildlife, and potential changes to water quality.

4.1 PERMANENT IMPACTS

Permanent impacts will occur to forested, shrub, and emergent wetlands within the Master Plan

Update development area (Table 4-1 and see Table 3-1). These impacts are generally limited to the
physical footprint ofplarmed areas of fill, excavation, or other project development.

Permanent impacts also include indirect impacts that could eliminate wetland functions from 2.40
acres of wetlands. These impacts could include elevations to wetland hydrology, fragmentation,
and shading (fi'om a planned bridge spanning wetlands at SASA).

Table4-1. Summan, of permanentwetlandimpactsby projectand wetlandcatego.ryj (in acres).

Project CategoryI1 CategoryIU CategoryIV Total

RSA 0.00 0.14 0.00 0.14

ThirdRunway 8.37 4.89 0.97 14.23

BorrowArea1andHaulRd. 0.14 0.96 0.00 1.10

SASA 0.54 1.20 1.04 2.78

Off-siteMitigauone 0.00 0.12 0.00 0.I 2

TOTAL 9.05 7.31 2.01 18.37

Ecology(1993).

b Impactsresultfromanaccessroadm an emergentwetlandattheAuburnmitigationproject.

4.1.1 Runway Safer?' Areas

Biological Functions

Permanent wetland impacts associated with extension of the RSAs for existing runways and
relocation of South 154* Street are limited to about 0.14 acre of Wetland 5 (see Figure 1-3). Forest
and shrub vegetation will be removed f_om a Category ITlwetland that provides habitat for small
mammals and songbirds. These habitat functions will be lost from the impacted area.

Physical Functions

The impacted portion of Wetland 5 is on a moderate slope where groundwater discharge occurs
throughout most of the year. Due to the slope of the wetland, this area does not detain or store
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stormwater. The groundwater discharge supports wetland hydrology in downslope portions of the
wetland, and ultimately contributes to base flow m Miller Creek. Design of r=taimng walls to avoid
fill in Wetlands 3 and 4, and to minimize fill in Wetland 5, will incorporate internal drainage

systems that allow groundwater to continue to discharge m this area, and this function will not he
lost or significantly diminished (see Section 4.3.13 and Appendix B). The addition of best
management practices (BMPs) for stormwatcr management (i.e., stormwater detention and water
quality tremlment facilities) will maintain or improve water quality conditions in the wetlands,
which currently receive untre._ed runoff.

4.1.2 Third Runway

The embankment needed to support the third runway will impact about 14.23 acres ofwetlands (see

Figure 1-3 and Table 4-1). These wetlands vary from lower quality Category IV farmed wetlands
to higher quality Category il riparian wetlands adjacent to Miller Creek.

About 2.4 million cy of fill material will be obtained through excavation (i.e., a "cut") at the south
end of the third runway. This area has been evaluated for wetland impacts, and includes Wetlands
23, 24, 25, and 26.

Fill and wall construction will alter ditch and drainage channels (Channel A and Channel W, Figure
4-1) that are connected to Wetland 37 via a culvert under 12= Avenue South. Channel A is a ditch

constructed adjacent to 12= Avenue South. Water in drainage Channel A flows south from
Wetland 19 and north from Wetland 21. Water in drainage Channel W flows from Wetland 20 to
Channel A. The two water channels converge and are then culverted under 12= Avenue South and
discharged into Wetland 37. Charmelized flow continues through Wetland 37 to Miller Creek.

Biological Functions

About 8.37 acres of Category II wetlands will be impacted by the runway, including portions of
Wetlands 18, 20, 37, 39, 44, and A1. These wetlands typically contain a mix of early successional

forest, blackberry- and willow-dominated shrub, and non-native emergent wetland plant
communities. All or portions of the wetlands are also subjected to ongoing human disturbances,
including noise, stormwater runoff, and/or landscaping. The wetlands support a variety of wildlife,
as described in Section 3.1, and these wildlife habitat functions will be lost from the filled areas.

With the exception of Wetlands 18, 37, and A1, these wetlands are not riparian to Miller Creek.
Portions of Miller Creek will be relocated in conjunction with fill in part of Wetland A1. These

riparian wetlands protect and provide fish habitat m Miller Creek through shade and detrital input
that supports invertebrate food production within the stream. Most riparian functions provided by
Wetlands 18 and 37 will notbe lost because fill of these wetlands is limited to areas greater than 50
fl from the stream (Appendix B).
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Several Category IU wetlands (see Table 4-I) will be impacted by the runway embankment.
Young deciduous forest, blackberry and willow shrubs, or non-native emergent plant species
typically dominate these wetlands. The wetlands provide habitat to birds and small mammals, but
because they are generally small in size, poorly buffered, and subjected to past or ongoing
disturbance (vegetation clearing, human use, and/or stormwater), they represent lower qualit3'
habitat than the Category II wetlands. The wildlife habitat functions of these wetlands v,ill be lost.

Several Category IV wetlands ('Wetlands 23, 26, AS, FW5, and FW6) are dominated by non-native

grasses or cultivated crops. Wetlands FW5 and FW6 provide habitat for a limited array of wildlife
(waterfowl, pigeons, and crows). Most other Category IV wetlands are mowed lawn, and support
small mammals and birds that are typical of disturbed urban environments (robin, sparrow, starling,
etc.).

Physical Functions

Wetlands impacted by the third runway embankment oeettr on gentle slopes, shallow depressions,
and riparian areas along Miller Creek. Their geomorphic positions control, in part, the hydrologic
functions these wetlands provide, and some of their functions will be eliminated by the fill for the
third runway embankment.

Most slope and depression wetlands are saturated during the winter and spring months (e.g.. A5-
A13, 35, 44a, Wl, W2, and 16 through 24) when rainwater appears to perch on till soils 0:AA
1997). These delay some runoffand thus provide winter base flow support to Miller Creek; they do

not support low sunmaer base flows because they are dry by late summer and early autumn. Slope
and depression wetlands provide some detention and desynchronize stormwater runoffby reducing
runoff rates. This function is limited by the small water storage volume provided by the shallow
depressions or the lack of storage in slope wetlands.

Slope and depression wetlands also provide water quality functions in that they receive untreated
runoff from adjacent streets and lawns and potentially remove pollutants. Depression wetlands are
likely to provide higher water quality treatment functions due to longer storage times that promote
contaminant removal when compared to slope wetlands. Slope wetlands have short retention times
and would thus provide fewer water quality benefits.

Several slope wetlands are areas of groundwater discharge (Wetlands 15, 18, and 37) that are
saturated throughout the year. These wetlands convey groundwater downslope to Miller Creek.
The presence of surface water in the wetlands throughout much of the summer indicates that the
wetlands support base flow in Miller Creek.

Retaining walls will be constructed at four locations along the fill for the RSAs, relocated South
154= Street, and the third runway to avoid impacts to riparian wetlands and to Miller Creek (see

Fimu'e 1-2). The fill embankment and the retaining walls have been designed with a drainage layer
(underdrain) constructed of coarse rock that is placed over the existing soil surface. The underdrain
enables discharge of groundwater that infiltrates into the embankment from above. This water is
then conveyed downgradient to discharge into wetlands located between the embankment and

Miller Creek. This water will maintain wetlands located west of the embankment and support base
flows in Miller Creek (see Section 4.3.2.4).
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4.1.3 Borrow" Areas

Wetlands in Borrow Area 1 are isolated depressions and groundwater-fed slope or depressional
wetlands located along the western perimeter of the borrow area. One slope wetland occurs on the
southern boundary. Borrow Area l was purchased by the Port of Seattle for noise abatement.

Biological Functions

About 0.07 acre of Category II wetlands will be impacted in Borrow Area 1 (Wetland B12). The
easternmost lobe of this slope wetland extends from near the western edge of the borrow area west
to connect with Des Moines Creek. Shrub vegetation in 2.07 acres of Wetland B12 and adjacent
forested areas provide habitat for passerine birds, amphibians, and small mammals. A portion of
this habitat will be lost due to construction.

About 0.96 acre of Category m wetlands will be impacted in Borrow Area 1. Two isolated
depressions (Wetlands B11 and B14) with emergent and shrub vegetation that provide habitat for
small mammals and passerine birds will be filled, and these functions lost.

Physical Functions

The wetlands being impacted by development in Borrow Area 1 provide limited hydrologic
functions. Slope wetlands 0312) convey groundwater downslope to Des Moines Creek.
Depressional wetlands 0311 and B14) desynchronize stormwater runoff and likely provide some

water quality benefits. Potential redirect impacts to a small portion of Wetland B12 (0.04 acre)
may occur from potential changes to the hydrology of the upper portion of the wetland due to
nearby grading.

4.1.4 South Aviation Support Area

Wetland impacts at the SASA site include filling 2.78 acres of wetlands on the Tyee Valley Golf
Course. A bridge across Des Moines Creek will be constructed to allow aircraft to access the

SASA site from the airfield, and this bridge will shade portions of the stream and riparian wetlands.
This impact area includes a stormwater detention facility for the SASA development that will
require filling of 0.10 acre of wetland.

Biological Functions

Wetlands in the SASA are typically dominated by early successional deciduous forests and shrub
wetlands, or are emergent wetlands planted as golf course greens. The forest and shrub wetlands

(Wetlands 52, 53, and GT) provide habitat functions similar to those describedin Tables 3-4, 3-5,
and 3-7. The golf course wetlands (Wetland 52, G1, G2, G3, G4, G5, G6, and GS) provide habitat

to foraging waterfowl and songbirds, but their value to these species is limited due to ongoing
disturbance (golf course operations and maintenance). The loss of Wetlands 53, E2, E3, golf
course wetlands, and shading of portions of Wetland 52 will result in the loss of bird and small
mammal habitat.
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Pb,vsicaIFunctions

Most wetlandsthatwillbe affectedby theSASA areslopeand shallowdepressionwetlandsthat

areseasonallysaturated.They likelyprovidebiofilu'adonto stormwaterrunoff.Theirlackof

closeddepressionsand res_ctedoutletspreventthem from providingstorrnwatcrdetention

functions. They provide base flow support to Des Moines Creek during the winter months, but are
dry during the late summer months when low flows occur, and thus do not contribute to this
function. An exception to this is Wetland 52 where groundwater discharges throughout the
summer. Tlds wetland provides base flow support to the sffeam during low flow periods; however.
project impacts to Wetland 52 are limited to a bridge crossing, and the groundwater discharge
functions will not be eliminated.

4.1.5 Other Master Plan Update Improvements

Direct wetland impacts have been avoided through the design of most Master Plan Update
improvements or project elements (including temporary interchanges at SR 509 and SR 518, the

North Employee Parking Lot, tehidnal expansions, Airport Surface Detection Equipment (ASDE)
radar facilities, and utility upgrades). Several other airport-related projects (Industrial Waste
System [TWS] expansion, FAA Tracon and Tower facilities) also avoid wetlands. Where
appropriate, any indirect impacts of these projects are addressed in Section 4.3.

4.2 TEMPORARY CONSTRUCTION IMPACTS

Temporary (construction) impacts to wetlands are discussed in this section. Specific construction
activities that could affect wetlands are the construction and use of temporary stormwater
mangement ponds in wetlands, temporary disturbances from the installation of construction
fencing, temporary erosion and sediment control (TESC) facilities, increased noise and human

disturbance, and construction runoff(Appendix A, see Figure 6-1, Tables 4-2 and 3-2). In general,
these impacts could affect the water quality, hydrologic, and wildlife functions or conditions of
wetlands located near construction sites.

4.2.1 Construction Runoff

The primary potential water quality impacts resulting from construction activities (including
excavation and transport of fill) are increased turbidity and sedimentation in wetlands located
downslope of construction sites. The mitigation actions taken at construction sites to avoid these
wetland and water quality impacts are summarized in this section.
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4.2.1.1 Discharge Standards

The Port's National Pollution Discharge Elimination System (NPDES) permit for construction at

STIA requires that stormwater discharges meet the turbidity standard for Class AA waters _ (WAC
173-201A-030). This standard requires that turbidity in stormwater discharges not exceed 5

Nephelomeu'ic Turbidity Units (NTU) over background when background is 50 NTU or less, or
register more than a 10 percent increase in turbidity when background exceeds 50 NTU. As a
numerical standard, this pollution limit is protective of aquatic life (Ecology 1999b).

4.2.1.2 Treatment BMPs

A variety of treatment BMPs are applied at construction sites to ensure that discharge standards for
construction water quality are met.

Construction Stormwater Treatment Systems

Advanced stormwater treatment systems (see Appendix D of the Biological Assessment. FAA 2000)
are used by the Port to treat construction runoffwhen conventional BMPs do not remove sufficient
turbidity to meet the required state water quality standards. Since autumn 1997, the Port has used
advanced stormwater treatment systems to treat runoff from several construction sites, including the

1998 and 1999 construction phases of the third runway embankment. Since implementation of
these systems, water quality monitoring at construction sites (Port of Seattle 1998b, 1999b, 2000)
has demonstrated that stormwater discharges comply with required turbidity standards. The Port

will continue to use these stormwater treatment systems on construction sites where necessary and
appropriate.

Data from the 1999-2000 wet season (Table 4-2 and Appendix D of the Biological Assessment,
FAA 2000) demonswate that the Port's advanced stormwater treatment system is highly effective at
producing clear water. Between November 8, 1999, and March 4, 2000, a total of 164 batches (the
average batch size was approximately 70,000 gallons) of construction site runoff were treated. All

discharged stormwater met the required Washington Water Quality Standard (WAC 173-201A) for
turbidity. On average, the site discharge was 9.9 NTUs less than background measurements taken
in Miller Creek, demonstrating that the construction discharge was typically clearer than the stream
itself.

° Washington surface waters are classified as Class A.A (extraordinary), Class A (excellent), Class B (good), Class C

(fair), or Lake Class. Class destgnanon is based largely on characteristic uses of the waters. As defined by WAC 173-

201A-030, ClassAA watersshall"markedlyanduniformlyexceed the reqmrementsfor all or substantiallyall" of the
following characteristicuses: water supply;stock watering; fish and shellfishnugration, rearing, spawning, and
harvesting;wildlifehabitat;recreation;andcommerceandnaviganon.
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1"able4-2, Summary. of third runway embankment stormwater treatment plant performance results from
November 8, 1999 to March 4, 2000.

Number of batches treated 164

Percenutge of l_eated batches meeting water quality standard for turbidity 100%

Average post-treaunem turbidity (NTU) 2.7

Average Miller Creek nu-bidity on days when discharge occurred (NTU) 12.6

Source: Port of Seatde (2000).

Potential water quality impacts from the advanced stormwater treatment BMPs include changes to

pH and the potential toxicity of treatment compounds. The Port has used both organic polymers
(such as CatFloc) and inorganic compounds (such as alum) in stormwater treatment systems.
Aquatic bioassay testing of treatment system effluent has demonstrated that the effluent is not toxic
(FAA 2000). Aquatic toxicity testing of the polymer compounds has demonstrated that effective
treatment concentrations are several orders of magnitude below toxic concentrations (Calgon 1997).

These potential impacts have been evaluated and the treatment system has been found to be
environmentally safe. The BMP has been used safely for more than 3 years at STIA and several
construction sites (e.g., several Washington State Department of Transportation [WSDOT] projects
and Microsoft construction sites in Redmond) with Ecology's review and approval (Ecology

1998a). The draft Ecology Stormwater Manual Update (Ecology 1999b) includes a BMP for
construction stormwater chemical treatment.

When applied, advanced treatment would consist of Ecology-approved alum or polymer
fiocculation systems. All chemical treatment facilities would operate in accordance with the
conditions of BMP C250, Construction Stormwater Treatment, as it appears in the Ecology
Stormwater Manual Update. The draft Manual Update (Ecology 1999b) provides criteria the Port
will follow for polymer product use:

• Polymer-treated stormwater discharged from construction sites must be nontoxic to aquatic
organisms.

• Petroleum-based polymers are prohibited.

• Prior to authorization for field use, jar tests must demonstrate that the turbidity reduction
necessary to meet the receiving water criteria can be achieved. Test conditions, including
but not limited to, raw water quality and jar test procedures should be indicative of field
conditions.

• Prior to authorization for field use, the polymer-treated stormwater must be tested for
aquatic toxicity. Applicable procedures defined in Chapter 173-205 WAC, Whole Effluent
Toxicity Testing, and Limits, will be used. Testing will use (a) stormwater fi'om the

construction site at which the polymer is proposed for use, or (b) a water solution using soil
from the proposed site.

• Testing must show that the dosage at which the polymer becomes toxic is at least twice the
anticipated operational dose.
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• The approval of a proposed coagulant or flocculent aid will be conditional, subject to the
full-scale bioassay momtoring of treated stormwater required by Ecology. The Port will use
only polymer products that have been evaluated and are currently approved for use.

Other Construction Stormwater BMPs

In addition to the construction stormwater treatment systems described above, sedimentation from

Master Plan Update construction sites will not affect wetlands or downstream habitat because

implementation of other construction BMPs will prevent sediment discharges from construction
sites to wetlands or streams. These BMPs further ensure construction runoff meets water quality
standards. Construction erosion control measures will protect surface water quality and meet

Ecology's water quality standards. To ensure that these measures will be properly implemented
and maintained, the following protection measures will be used:

• Funding independent third-party oversight of construction erosion control and stormwater
management and compliance,

• Writing and implementing construction stormwater pollution prevention plans (SWPPPs)
and monitoring plans for individual Master Plan Update improvement activities,

• Supervising contractor erosion control compliance with a full-time erosion control and
stormwater engineer,

• Monitoring construction stormwater runoff whenever it rains, and

• Additionally monitoring construction stormwater runoff when rainfall exceeds 0.5 inch in a
24-hour period.

The BMPs listed in Table 4-3 will be applied as specified in the Stormwater Management Manual
for Puget Sound (the Ecology Manual [Ecology 1992]) or the King County Surface Water Design
Manual (King County DNR 1998). Detailed information on erosion and sediment control for the

third runway embankment construction is provided m Appendix D of the Biological Assessment
ffAA 2000).

Table4-3. Summry of the EeoiogyManualBlVl]Psgenerallyapplicableto MasterPlan constructionsites.

Category ApplicableBMPs

Temporarycoverpractices Temporaryseeding,strawmulch,bondedfibermamces,and
clearplasticcovering

Permanentcoverpracuces Preservingnaturalvegetation,maintainingbufferzones, andseedingand
plantingfollowmgconstrucnon

StructuralerostoncontrolBIVIPs Stabilizedconsu'ucuonentrance,tirewash.constructionroad,
stabilization,dust control,interceptordike andswale,and checkdams

Sedimentretention Filter fence,stormdraminletproteeuon,andsedimentationbasins

A Construction Spill Control and Countermeasures Plan containing the following elements will be
implemented on each site:

• Spill control measures, including designated fueling areas
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• Secondary containment ofspillable substances

• Use of drip pans and pads

• Contractor education

• Labelingandproperstorageofspillablesubstances

• Designatedspillcontainmentprocedures

• Propernotificationandcleanupprocedures

4.2.2 Other Potential Construction Water Qualiw Impacts

Sediment ponds store stormwater runoff for treatment, and during storage, water temperature can
be altcr_ due to solar warming. Storage of stormwater that results in increases in water
temperature above levels in downstream waters or water quality standards could be detrimental to
fish. This is unlikely to occur downstream of Master Plan Update improvements because storms
that would result in several days of water storage generally do not occur during warm weather or
low flow periods when such discharges could be quantitatively significant. The Port has observed
that little or no runoff f_m embankment construction areas occurs during smaller, summer-season

storms when temperature impacts are of greatest concern. For example, 1998 and 1999
observations m treatment facilities show the con,ca'uction sites did not generate sufficient runoff to
require operation of the treatment system until mid-November. By October and November,
temperature impacts fi'om stormwater would not occur due to the cool air temperatures (Table 4-4),
lack of solar radiation, cool stream water, and high streamfiows. Similarly, by April 1999,
stormwater runoff quantities f_m consU'uction sites had decreased to the pomt where the plant
operation was discontinued, thus eliminating discharges during the warmer months (see Table 4--4).

Table4-.4. Temperaturerangesand sky.conditionsforthe warmestmonthswhen extendedstorageof
stormwaterat the SeattleTacomaInternationalAirport is expected.

Parameter November April

Average Maxtmum Temperature I 49.6°F 58.2°F

AverageMinimumTemperature 38.1°F 40.1°F

Average Temperature 43.9°F 49.2°F

Highest Temperature 65°F 77OF

LowestTemperature 23OF 30OF

Numberof cleardays 3 3

Number of partly cloudy days 4 7

I Salmonundergostressifwater temperaturesaregenerallyabove 17oC(64.30F)(Grootet al. 1995and
McCullough1999). Sincenmxunumtemperaturesare lowand littlesolarradiationoccurs dunng monthswhen
significantstormwateris likelymbe heldandrelease&temperatureunpacts thatcould affectftsh are unlikely.

Source: WSU(1968).
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4.2.3 Wetland Alterations During Construction

Temporary construction impacts that will occur m wetlands near construction sites are described
below.Temporaryconstructionimpactsareanticipatedtooccurm upto2.05acres(Table4-5).

The temporary construction impacts will occur in areas that may be used for temporary, access
roads,temporarysedimentand erosioncontrolponds,stagingareas,and stockpilingareas.Other

minortemporary,impactstowetlandsmay occurasa resultofdemolition(Figure4-2).During
consmmtionand demolition,allpracticableeffortswillbe made toavoidand minimizeimpactsto

wetlandswithinthistemporaryconsu'uctionimpactzone(e.g.,flaggingand protectingwetlands

withbarrierfencingand sedimentfencing,locatingaccessroadsand stagingareaswherever

possibleoutsideofwetlands,implementingTESC BMPs).

Demolitionof housesand otherbuildingsatseverallocations(Table4-5)withinthe west-side

acquisitionarearequiresoperatingequipmentand temporarilyplacingdemolitiondebrison lawns

and yardsthatarealsowetlands.Demolitionon Parcels314 and 321 may alsorequireHydraulic

ProjectApproval(HPA) reviewpriortoreinforcementofexistingMillerCreekcrossings(asmall

bridgeon Parcel321anda culverton Parcel321)sotruckscanhauloutdemolitiondebris.

Ingeneral,thedurationofthesetemporaryimpactswillbe approximatelyone totwo construction
seasons.While theoverallconstructionperiodfortheMasterPlanUpdate improvementswill

extendover severalyears,nearany givenwetland,the constxuctionperiodwillbe shorter.

Temporaryconstructionimpactsaregenerallyanticipatedtooccurearlyinconstructionsequencing.

Restoringwetlandfunctionstotemporarilydisturbedareaswillmitigatetemporaryconstruction

impacts associated with Master Plan Update improvements. Wetlands temporarily impacted by
construction clearing and filling will be restored by removing all temporary fill material, re-
establishing pre-disturbance conditions, aerating compacted soils, and planting with native forest
and shrub vegetation. Removing sediment fencing and construction debris will restore wetlands
with only minor disturbances that have not been subject to clearing of vegetation or filling (e.g.,
sediment fences placed along edge of wetland, demolition of adjacent buildings, etc).

Most wetlands subject to significant temporary construction impacts are typically adjacent to the
Third Runway Embankment. Upon restoration, these areas will remain part of larger undisturbed
wetlands, and in many cases incorporated into mitigation that includes buffer and wetland

enhancement actions. These actions ensure that the functions of the restored (as well as remalmng
wetlands) are maintained at pre-project levels (See Section 4.3 for evaluations of and mitigation to
avoid indirect impacts).
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Table 4-S. Description of temporary."impacts to wetlands from the Seattle-Tacoma ImernationaI Airport
Master Plan Update improvements.

Wetlands Temporal" Impacts

Runway Safety. Are_ and Reloea_on of South 154" Street

Wetlands3, 6, 7, and 10 Wildlife could be disturbed by consu'oction noise near Wetlands 3.6.7. and 1O;
however,wildlifem theareaarealreadytolerantofairtrafficandroadway(SR
518 and South 154th Sneer) noise.

Wetlands 3, 4, and 5 Temporary conslruction disuu'bance could occur m the poruon of the wetlands
that bordersthe construcuon area. These nnpacts could include disturbance to
wildlifeandminorsoil_ce orsilmnoncanscdbythemsmllanonofsilt
fences.

WetlandsRI andP,.2 Minorsoildisnubanceandsiltationcouldcauseimpactsatthebridgecrossingarea.

Therecouldbedisturbancetowildlifefromco_on acUvityandnoise.

Third Runway

Wetlands 9 and 11 A small portion of Weiland 9 and the remaining porlion of Wetland 11 thatis not
permanently impacted couldbedisturbed.

Soil disturbanceand minor siltation could occur along the southern portion of
Wetland 9 and the remaining portionofWedand 11where silt fences are installed.

Consmuetion activity and noise could disturbwildlife.

Wetlands R1, R2, R3, R4, Consu'uctionactivity and noise could disturbwildlife.
P,.5,R6, R7, RS, 17,9,and
RI0

Wetlands A1, A9, AI0, Temporary.consuuction disturbance could occur m portions of Wetland A1
A1 I, AI2, AI3, and 39 adjacent to the embankment fill.

Temporary.disna'bance is possible to small pomons of Wetlands AI2 and AI3
outside the footprmt of ftll slope and pertmeter road.

Minor soil disturbanceand siltation is possible within portions of Weilands A12,
AI3, and 39 that are immediately adjacent to the footprint offdl slope, pern'neter
road, or other construction areas.

ConslructionactivityandnoisecouldcausedisturbancetowildlifeinWetlands
A9, AI0, AI I, AI3, and 39.

Wetlands 18 and 37 These wetlands are subjected to 0.93 acre of temporary n'npact. Disturbance is
possible from the consn'uctionof temporary,stormwatermanagement facilities
(e.g., detention pond) m Wetland 37. (Note: Permanentstormwater management
facilities will be located outside of wetland areas.)

A narrowband of temporarydisturbanceis likely immediately adjacent to the fill
footprintand the security road(outside of temporary stormwater facility areas).
This disturbance will be within 30 ft of Miller Creek for about 100 linear ft.

There may be limitedareas of siltation within Wetlands 18 and 37.

Conslruction activi .tyand noise could cause disturbance to wildlife.

Temporary.disturbance is possible to wetland drainage patterns/hydrology m
Wetland 37 due to the consn'ucuon of the temporarystormwater management
faciliues.
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Table 4-5. Description of temporary, impacts to wetlands from the Seattle-Tacoma International Airport
Master Plan Update improvements _continued).

Wetlands Temporary. Impacts

Wetland 44 Temporary¢hsna-bancaadjacentto consu,ucoon include:

• Soil disnubance related to the placement ofsih fences,

• Constxucuon stormwater management

. Consu'ucuon acuvgy and home could cause disturbanceto wildlife.

Demolition Demolition of several houses and otherbuildings within the west-side acquisinon
arearequires operalmg _t and temporarily placing demohuon debris on
lawns and yards that are also wetlands. These occur m Wetland 17 (Parcels 219,
221,222, 225, 235, 236, and 243), Wetland R13 (Parcels 317 and 321), Wetland
AI6 (Parcel322), WetlandA15 (Parcel 325), and Wetland 52 (golf course storage
shed). Demolition on Parcels 314 and 321 may also requn'eHPA approval to
improve exisung MillerCreek crossings so uucks can haul out demoliuon debns.

Staging Areas No _ impacts areexpected. Staging areas will be a minimum of 50 fl
from Miller Creek and placed outside of wetland areas.

In wetlands borderingintended slagmg areas, activity and noise durmg
consu_ction of each staging location may disturb wildlife.

Borrow Area 1

Wetlands B1,134, and 32 Excavation will avoid WetlandsB1, B4, and 32; all other wetlands will be

permanently unpacted by excavation or dewatermg.

Interruption m hydrology for Wetlands B1, B4, and 32 is not anticipated; 50-fl
buffers will maintain seasonal perched water regime.

Excavation activities and noise will disturb wildlife.

Wetlands 48 and B15 Surface flows to these wetlands will not be affected became the upsiope
watershed of the wetlands (which extends east the stormwater drainage system
located along 20* Avenue South) will not be altered.

Borrow Area 3

Wetlands 29, 30, BS, B6, All wetlands are being avoided and a 50-fl buffer maintained. Wetland hydrology
BT, B9. and BI0 will be maintained by preserving conditions m the watershed basra upgradient and

immediately surrounding each wetland. To ensure wetland hydrology is
mamtamed, a drainage swale will be consm_cted along the upsiope face of the
borrow cut that will direct seepage water to Wetland 29 (Appendix C).

Excavation activity and noise will disturb wildlife.

South Aviation Support Area

Wetland 52 Consu'uction activity and noise will disturb wildlife.

Minor soil disturbance and siltation may occur along the perimeter of consu'uction
due to the mstallanon of silt fences.

IWS Lagoon Expansion

Wetland 28 No filling or construction occurs m this wetland. (Note this project is not a Master
PlanUpdate improvement.)
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4.2.3.1 Runway SafeD' Areas and Relocation of South 154" Street

Wetlands 3, 4, and 5 are located near the north end of the existing runways where required tLSA

extensions will be built. As part of the RSA extensions, South 154= Street will be relocated up to
several hundred fl north and west of its present location and will lie adjacent to Wetlands 3, 4, and

5. Temporary disturbance to small portions of these wetlands (about 0.25 acre) could result from

placement of silt fences and required TESC actions. Minor siltation could occur within the 0.25-
acre disturbance area during construction'.

During the relocation of South 154 = Street, temporary disturbance to wildlife is likely to occur in
Wetlands 3, 4, and 5. Wildlife in these wetlands are tolerant of ah_v_dl noise from existing runways

and roadway noise from SR 518 and the existing South 154= Street. Additional disturbance to
wildlife is likely to be minor, and limited to the south edges of the wetlands.

4.2.3.2 Third Runway

Wetlands A1, 9, and 11 are located near the northern end of the proposed third runway. During the
relocation of South 154= Street, small portions of Wetland A1 (0.05 acre) and Wetland 9 (0.16
acre) will be temporarily impacted. Minor siltation within these wetlands during construction could
occur. Wildlife will likely be disturbed near the south edge of Wetland 9 by construction activity
and noise.

This area includes: six small, isolated wetlands near the edge of fill for the third runway
embankment (Wetlands A5 and A9 through A13), two larger riparian wetlands (Wetlands 18 and
37), and a third sizable wetland ('Wetland 44a) that drains into a wetland complex west of SR 509.
Temporary disturbance will occur in portions of Wetlands A12 (0.03 acre), A13 (0.01 acre), 18
(0.22 acre), 37 (0.71 acre), and 44 (0.28 acre), located outside the footprint of the embankment and
the perimeter road.

Minor siltation could occur in limited portions of these wetlands as a result of installing silt fences
and upslope construction. No physical disturbance to Wetlands A9, A10, All, and A13 is
proposed, although temporary disturbance to wildlife could result from construction activity and
noise.

Temporary impacts to Wetlands 18, 37a, and 44a include disturbance from the construction of

temporary stormwater management facilities, including detention ponds, during the construction
phase of the third runway project. These stormwater facilities will be removed and the wetland area

TESCBMPswillbe implementedpriorto constructionof all MasterPlanUpdatemlprovementprojects(see Section
4.2.2),andtheireffecuvenesswillbesmctly momtored.Theadequacyof theseBMPsts reviewedby Ecologythrough
approvalof stormwaterpollutionand preventionplans pnor to nnplementation.During 1998-1999 embankment
construction,nowaterqualityviolauons(mcludmgsedunentdischargeto wetlands)occurred,

Wetland Funcnonal Assessment and Impact Analysis December 2000

Seattle-Tacoma International Airporl 4-15 556-2912-001 (03)

Master Plan Update a._,-,_v_gt_.,c_.,o_r_o _,vc_t_o_,n_,,_ w,_,d J._¢_

AR 048180



restored after the placement of the third runway embankment fill. Permanent stormwater facilities
will be located outside of wetland areas.

Ten small wetlands (Wetlands Rl through Rl0) lie immediately adjacent to Miller Creek along the

western periphery of the third runway expansion area. No impacts from runway construction are

expected because the riparian wetlands will be incorporated into the Miller Creek buffer. However,
disturbance to riparian wetlands will occur in two limited areas: at the proposed South 156 = Street
bridge crossing (affecting the southern edge of Wetland R1 and the northern edge of Wetland R2)
and at a stormwater outfall that will lie adjacent to Wetland R6. Minor siltation could occur in the

temporarily disturbed portions of Wetlands R1 and R2. Disturbance to wildlife from construction
activity and noise could occur in all riparian wetlands, but is most likely in Wetlands R1, R2, and
R6 because in these areas construction will be near the wetland edge. In the case of Wetland R1,
some consu'uction will occur within the wetland.

4.2.3.3 Borrow Areas

Borrow Area 1

Within Borrow Area 1, Wetlands B 1, B4, and 32 will be avoided and protected with a minimum
50-ft buffer. Temporary impacts to wildlife using the Category III wetlands may occur during

project construction.

Wetlands 15 and 48 will not be affected by excavation, and their upslope watersheds will be

protected to ensure that the areas will remain as wetland. The watersheds for these wetlands extend
east from the wetland edge upslope to 20= Avenue South. Existing stormwater drainage facilities

located along this street from the eastern edge of the watershed for these wetlands and, therefore, to
prevent indirect impacts to wetland hydrology, the Borrow Area 1 excavation does not extend west
of this street.

Impacts to Des Moines Creek are not anticipated from Borrow Area l excavation because the
excavation will generally be 200 fl or more east of the stream. All excavation will occur east of the
top of the stream ravine. In a small area (about 0.5 acre) near 20= Avenue South and the associated
abandoned residential property, borrow excavation will occur 150 fl east of the stream. Another
small area (about 0.2 acre) will be excavated about 175 i_ east of the stream.

Borrow Area 3

AlldirectimpactstowetlandsinBorrowArea3 areavoidedby limitingtheareaofexcavationto

providea minimum 50-ftbufferaroundwetlands. Hydrogeologicstudiesindicateperched
_oundwaterthatintersectsthesurfaceinthecentraland northwesternpartof Borrow Area 2
createsan areaofsurfaceseepage,formingWetland29. OtherwetlandsinBorrow Area3 occur

below thiszone of seepageand are formedin shallowsurfacedepressionsthatperchwater.
Precipitationandrunofffromupslopeareaswestandnorthofthewetlandsmaintainthesewetlands.

BorrowArea 3 excavationcan be completedwithoutdisruptingtheupgradientsourcesofwater

neededtomaintainthesewetlands.The planforexcavatingBorrowArea3 wouldpreservea50-fl

undisturbedbufferaroundthedownslope(east)sideofthewetlandsand notimpacttheirupslope
watersheds(seeAppendixC).
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Temporary impacts to wildlife using Category II Wetlands (29 and 30) and Category. Ill wetlands
(]35, B6, B7, B9, and BI0) could result from construction noise and other human actiniC'.
Excavation in the borrow area will be more than 150 to 200 fl from Des Moines Creek and will thus

avoid impacts to the stream or riparian buffers.

Borrow Area 4

Borrow Area 4 is located about 400 fl south of Wetland 28. Wetland 28 is maintained by several

water sources, including groundwater that emanates from beneath the existing airfield, runoff from
wetlands located east of Des Moines Memorial Drive, and runoff from surrounding developments.

Some water infiltrating into Borrow Area 4 may also reach the south and southeastern portion of
Wetland 28; however, unlike the Borrow Area 3 excavation, Borrow Area 4 will not be excavated

deep enough to reach any groundwater table. Excavation of the borrow area would thus not alter
groundwater flows that may reach Wetland 28, and no indirect impacts of the excavation on this
wetland are likely.

4.2.3.4 South Aviation Support Area

Wetland 52, a Category II wetland adjacent to the SASA, would be temporarily affected by
construction. Impacts to this wetland would include temporary disturbance to wildlife due to
construction noise and other human activities. Consmlction impacts to the wetland could also
include minor sedimentation or soil disturbance resulting from construction of the taxiway bridge
connecting the SASA to the airfield.

4.2.3.5 Mitigation Impacts

A number of wetlands will be affected by construction of on-site and off-site wetland mitigation
(Table 4-6). In general, these impacts affect Category 11 HI, and IV wetlands that are farmed or
dominated by non-native vegetation. These impacts are described in this section.

Since the affected areas will be incorporated into the mitigation design, no loss of wetland will
occur_. Following implementation of the mitigation projects, wetland areas will be restored to
higher quality wetlands, including converting Category HI and IV wetlands to Category II
wetlands. These Category II wetlands will typically have extended wetland hydroperiods and
greater diversity of plato community types that improve water quality and habitat functions.

SAsmall(0.12 acre)areaof emergentwetland(dominatedby pasturegrasses)will be f'dledby an accessroad to the
Auburnmitigauonsite.
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Table 4.-6. Sununao, of wetlands subje_ to mitigation activities.

Vegetauon T.vpc Impacted

Wetland Raung Vegetanon Types Total Forest Shrub Eme_ent

Miller Creek Buffer/Vacca Farm Mil_tion Projects (on-site)

FW 1, 2, 3, 8, 9, W FarmedWetlands 0.88 0.00 0.00 0.88
I0, and 11

18 II Forest/Shrub/Emergent 1.27 1.27 0.00 0.00

37a II ForesVEmergem 1.96 1.50 0.00 0.46

A1 II Forest/Shrub/Emergent 4.08 0.90 0.56 2.62

A2 IV Shrub 0.05 0.00 0.05 0.00

A3 /V Shrub 0.01 0.00 0.0I 0.00

A4 IV Shrub 0.03 0.00 0.03 0.00

A9 m Shrub 0.04 0.00 0.04 0.00

A IO IV Shrub O.Ol 0.00 O.O1 0.00

A I 1 m Shrub 0.02 0.00 0.02 0.00

A13 HI Forest 0.12 0.12 0.00 0.00

A 16 Ill Shru_gent 0.05 0.00 0.00 0.05

R1 HI Emergent 0.04 0.00 0.00 0.04

P,2 m Shrub/Emergent 0.12 0.00 0.06 0.06

PO HI Shrub 0.02 0.00 0.02 0.00

R4 Ill Emergent 0.11 0.00 0.00 0. I1

R4b HI ForesffEmergent 0.11 0.03 0.00 0.08

R5 HI Emergent 0.05 0.00 0.00 0.05

P,Sb m Forest/Emergent 0.07 0.02 0.00 0.05

R6 HI Fores_Emergent 0.21 0.05 0.00 0.16

R6b Ill Emergent 0.09 0.00 0.00 0.09

R7 m Forest/Emergent 0.04 0.04 0.00 0.00

R7a m Emergent 0.04 0.04 0.00 0.00

R8 II Shrub/Emergent 0.40 0.00 0.20 0.20

R9 IIl Forest 0.38 0.38 0.00 0.00

R9a II Forest/Shrub/Emergent 0.30 0.30 0.00 0.00

R10 II] Shrub 0.04 0.04 0.00 0.00

R11 II Emergent 0.42 0.00 0.00 0.42

R12 III Forest 0.03 0.03 0.00 0.00

R13 Ill Emergent 0.12 0.00 0.00 0.12

Rl4a HI Shrub/Emergent 0.13 0.13 0.00 0.00

R 14b HI Emergent 0.08 0.00 0.00 0.08

R15a II Forest/Shrub/Emergent 0.79 0.25 0.40 0.14

R15b III Forest/Emergent 0.25 0.06 0.00 0.19

RI7 II Forest 0.31 0.31 0.00 0.00
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Table 4-6. Summa_' of wetlands subject to mitigation activities (continued).

Vegctauon Type Impacted

Wetland Rating Vegetation Types Total Forest Shrub Eme_ent

Waters B, V1, rrl Open Water 0.05 0.00 0.00 0.05
and V2

Subtotal 12.72 5.47 1.40 5.85

Tyec Valley Golf Course Mitigation Project (on-site)

28 H Emergent 4.50 0.00 0.00 4.50

Subtotal 4.50 0.00 0.00 4.50

Auburn Mitigation Project (off-site)

Auburn IH Emergent 21.56 0.00 0.00 21.56

Subtotal 23.27 0.00 0.00 2327

TOTAL 40.49 5.47 1.40 33.62

• OtherWaters of the U.S. VI and V2 (0.02 acre) not included m this table.
b Temporaryimpact resulting from temporary roadproviding access to the mitigation site.

Tern_rary impact resulting from _ road located on-she.
d Temporaryimpact to areathat witl be excavated and replanted.
" Impacts to this area result from converang existing ditches and farmed wetland to a wetland dramage channel that

connects the miugation project to the 100-year floodplain.

Vaeea Farm Wetland Restoration Site

Mitigation at the Vacca Farm Restoration Site (Figure 6-3) will result in modification of existing
emergent wetland, farmed wetlands, and prior converted cropland (Table 6-7). Relocation of the

Miller Creek channel will result in channel excavation, grading, construction in 2.21 acres of

wetland. Placement of fill to create channel banks will require fill placement in 1.79 acres of
wetland. Finally, excavation of new floodplain in currently farmed areas will modify 1.56 acres of
wetland.

Table 4-7. Summary. of wetland modification to implement mitigation at Vacca Farm.

Wetland Modification Area (acres)

Excavation and Grading for Miller Creek Channel

Wetland A 1 1.22

Farmed Wetland 3, 8, and 9 0.99

Subtotal 2.21a

Excavation for Floodplain Compensation and Wetland Enhancement

WaterV1 and V2 0.02

Wetlands (AI, Ala, A2, A3, A4) 0.85

Farmed Wetlands (I, 2, 3, 9, 10, 11) 0.73

Subtotal 1.69

Total 3.81

+ Includes placement of fill in existing ditches and farmed wetlands (1.79acres).
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Miller Creek Riparian Buffer

Enhancement of 7.40 acres of wetland in the Miller Creek Buffer (Figure 4-4) will involve minor

disturbance. The planting of trees and shrubs will redistribute wetland soils. In some wetlands,

prior to planting with native l_-_s and shrubs, clearing and grubbing to r_nove existing non-native
vegetation will redistribute topsoils. In these areas, a temporary mitigation system may also disturb
wetland soils.

Tyee Valley Golf Course Wetland and Des Moines Creek Buffer Mitigation

Enhancement of 6.07 acres of wetland on the Tyee Valley Golf Course (Figure 4-5) will involve

some soil disturbance during demolition of pathways and other strucunv,s located in wetlands. The

planting of trees and shrubs on the site will redistribute wetland soils.

Auburn Wetland Mitigation Site

Temporary impacts will occur as a result of excavation in existing lower quality, Category IIl
wetlands to create more diverse or higherquality Category II wetland system with more diverse
functions at the Auburn Wetland Mitigation Site (Figure 4-6). Excavation as part of wetland
enhancement will allow establishment of open water, flooded emergent, shrub, and forest
dominated wetlands habitat and affect about 10.39 acres of Category I_ wetlands. The wetlands

will also provide floodwater storage and conveyance functions, provided by a channel excavated to
connect to existing ditches. This excavation will impact about 2.2 acres of existing low quality
emergent wetland.

In some wetlands, prior to planting with native trees and shrubs, clearing and grubbing to remove
existing non-native vegetation will occur. This work will cause minor redistribution of soils, and
will be performed to reduce the quantity of undesirable vegetation and increase the rate of
colonization by desirable vegetation in wetland enhancement areas. This activity could occur in up
to about 9.13 acres of low-quality wetland.

A temporary construction access road to the Auburn Wetland Mitigation Site must be constructed.
This access road must cross emergent wetlands located on-site and on properties to the west. About
1.55 acres of wetland will be temporarily affected by this access road. To minimize these
construction impacts, the road will be consu'ucted on geotextile fabric and a quarry rock base.
While the base will allow surface water to equilibrate across the road, culverts will also be placed to
convey water at existing ditches. °

On-site construction staging (temporary stockpiling of soil, storage of equipment, contractor
offices, materials storage, parking, etc.) is necessary and will occur on wetland and uplands, prior to
enhancement. A geotextile fabric and gravel would be placed on portions of the site prior to their
use for staging. Following excavation, the staging area will be removed and the existing wetlands
enhanced.

° Surface water, up to several inches deep. occurs m pomons of the wetland for short periods following excessive rain.
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Other activities that will occur m portions of wetlands during enhancement may include the use of

vehicles to deliver plants to planting areas, soil disturbance during the installation of plants.
installation of temporary irrigation systems, mulching, and weed management (including mowing,

discmg, and herbicide applications).

4.3 INDIRECT WETLAND IMPACTS

Indirect impacts to wetlands include potential impacts to wetland functions or areas that result from

the long-term effects of construction and operation of the Master Plan Update improvements.
These potential indirect impacts, which could result from a variety of activities, are evaluated in this
section and include the following:

. Placement of fill near or adjacent to wetlands

• Placement of fill in pordons of wetlands

• Stormwater management upslope of wetlands

• Aircraft noise

• Human disturbance from nearby construction or operation

• Wildlifemanagement activities

• Excavation for retaining wall footings or stormwater management ponds upslopc of
wetlands

• Potentialdischargesto wetlandsofstormwaterrunofffromconstructionsites

Wetlandfunctionspotentiallyimpactedby theseactivitiesinclude:

• Wildlifehabitatsupport,by alteringhabitatconditionsorwildlifeuseofwetlands

• Hydrological,includinggroundwaterdischargefunctionsthatoccurinwetlands

• Water quality,resultingfi'omimpactstovegetationstructureand surfacewaterdrainage
patterns

The discussionofindirectimpactsincludesevaluationsofthevariousmitigationactionstakento
avoidandmimmizc wetlandimpacts.Thesemitigationactionsincludenaturalresourcemitigation

describedintheNaturalResourceMitigationPlan(Parametrix2000b),aswellasvariousdesign

modificationsthatreduceoreliminatepotentialindirectimpactstowetlands.

4.3.1 Analytical Approach

The analytical approach to evaluating potential indirect impacts to wetland functions by Master
Plan Update improvement construction are identified in this section. Potential indirect impacts to
five wetland biological functions were examined, including:

• resident and anadromous fish support
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• songbird habitat support

• waterfowl habitat support

• amphibian habitat support

• small mammal habitat support

Potential redirect impacts to four wetland physical functions w_re also examined, including:

• organic matter export to downslope systems

• maintenance of groundwater exchange

• flood storage

• nutrient retention and sediment trapping

In the following discussions these functions are analyzed and grouped as "'biological impacts" and
"physical impacts."

4.3.1.1 Supports resident and anadromous fish

Indirect impacts to fish habitat can result from physical changes in riparian wetlands adjacent to
Miller, Walker, or Des Moines Creeks that provide fish habitat. The changes that could alter
adjacent aquatic environments and the functions riparian wetlands provide in supporting fish and
fish habitat include:

• Increased turbidity and sediment runoff above water quality standards

• Degradation of water quality such as increases in temperature, chemical content, or
reductionsin dissolvedoxygen

• Changestowetlandvegetationthataffectstreamhabitatconditionsincludingshadeand

exportoforganicmatter

• Changestowetlandhydrologythatmay affecttheabilityofa wetlandtoprovidebaseflow
to slxeams

4.3.1.2 Provides habitat for song (passerine) birds

Indirect impacts to songbird habitat can result fi'om:

• Increased noise and human disturbance

• Changes in hydrology that eliminate special habitat conditions (i.e., hydrologic changes
eliminate standing water that might bc used by certain bird species) or change the dominant
vegetation tTpes in the wetlands

• Alterations of vegetation by clearing
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4.3.1.3 Provides waterfowl habitat

Indirect impacts to the characteristics of the wetland that provide waterfowl habitat functions could
occur from changes to the degree or amount of fioodmg m a wetland. These changes could alter the
habitat wetland vegetation provides to waterfowl or the occurrence and duration of flooded habitat
these species use.

4.3.1.4 Provides amphibian habitat

Indirectimpacts to amphibian habitat functionscouldoccurfrom changesinhabitat conditions
discussedaboveforfish,passcnnebirds,andwaterfowl.

4.3.1.5 Provides small mammal habitat

Indirectimpactsto smallmammaP ° habitatfunctionscould occur from changes in habitat
conditionsdiscussedaboveforpasserinebirdsandwaterfowl.

4.3.1.6 Exports organic matter

Indirect impacts to this function could occur from the alteration of flow patterns in wetlands that
transportorganicmattertoadjacentstreams,changesm hydrologicconditions(ratesortiming),or

modificationofriparianareaswhereorganicproductionisproducedandfallsintostreams.

4.3.1.7 Maintains groundwater exchange

Indirectimpactstothisfunctioncouldresultfrom significantchangesinupslopcgroundwater

rechargeor alterationof groundwaterdischargepatterns(locationand timing).Groundwater
exchangefunctionscouldbe alteredby new impervioussurfaces,soilcompaction,or sediment

deposition.

4.3.1.8 Provides flood storage and runoff desynchronization

This function could be altered by physical modifications of wetlands that are in stream floodplains.

Filling of wetland depressions that temporarily store runoff during storm events would also impact
this function. These modifications are evaluated as direct impacts, and include modifications to
wetland area, hydrologic connections, wetland topography, and wetland vegetation.

_0The wetlandsdo not providesignificanthabitatfor largemammalsbecausethey are too small to independently
supportthehabitatrequuementsof largemammalsfoundm westernWashington.Largemammals(exceptcoyoteand
fox)cannotusethe wetlandsbecauseadjacentdevelopmentandhabitatfragmentationpreventsaccess.
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4.3.1.9 Enhances nutrient retention and sediment

Indirect impacts that alter a wetland's ability to retain nutrients and trap sediments during the
construction and operation of the ternporary interchange include changes to vegetation, hydrolo_.,,

water quality, and topographic conditions.

4.3.2 Analysis Summary.

Potential indirect impacts to wetlands affected by various elements of the Master Plan Update
improvements include the potential reductions in wetland functional performance (Table 4-8) and.
in some cases, loss of wetland area (Table 4-9). Design modifications and/or wetland mitigation
actions described in the Natural Resource Mitigation Plan (Paramemx 2000b) typically mitigate

potential losses of functional performance.

Indirect impacts could result in the loss of wetland functions from an area, they may not necessarily
remove all functions. For example, where the SASA bridge crosses Wetland 52, shading will
eliminate wetland vegetation and wildlife habitat, however, the corridor and hydrologic functions
provided by this area will remain. In other areas, if wetland hydrology is reduced or eliminated,
existing vegetation will remain and wildlife habitat functions will remain similar.

Other indirect impacts to wetlands that could affect their function include noise and human
disturbance, changes in water quality impacts, and changes in surface hydrology. These impacts
could alter or reduce the level of some functions, but would not eliminate the wetlands themselves

or their functions. These impacts are also mitigated by this plan because, in most cases, land use
conditions that have degraded these wetlands are removed, and restoration actions are implemented.

The calculated permanent impacts to wetlands (18.37 acres) include about 2.4 acres of indirect
wetland impacts (see Tables 3-1 and 3-2)(Table 4-9) that could occur in certain locations where
changes to wetland hydrology, shading, or fragmentation of wetlands occur. While these indirect
impacts could result in the loss of some wetland functions from an area, they may not necessarily
remove all functions. For example, where the SASA bridge crosses Wetland 52, shading will
eliminate wetland vegetation and wildlife habitat, however, the corridor and hydrologic functions

provided by this area will remain. In other areas, if wetland hydrology is reduced or eliminated, the
existing vegetation will remain and wildlife habitat functions of a wetland will not change
significantly. Regardless, to be conservative, the 2.4 acres of indirect impacts are fully mitigated at
ratios of 3:l, as explained in the NR_MP(Parametrix 2000b).

Other indirect impacts to wetlands that could affect their function include noise and human

disturbance, changes in water quality impacts, and changes in surface hydrology. These impacts
could alter or reduce the level of some functions, but would not eliminate wetlands. These impacts
are also mitigated by the NRMP because, in most cases, land use conditions that have degraded the
wetlands are removed, and restoration actions are implemented to increase wetland functions
(Parametnx 2000b).
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Table 48. Summary. of potential indirect impacts to wetlands and actions taken to mitigate indirect impacts of
the Sea.e-Tacoma International A/rport Master Plsn Update improvements.

Wetlands Funcuons PotenualIndirectImpactsandMmgauon

Runway Safety Areas and Relocation of South 1f,4" Street

Wetlands 3, 4, 5, 6, 7, Wildlife Habitat Disun,bance to wildlife is _d because new roadway
and 10 is co_ on top of a retaining wall: wildlife using

these areas arealready tolerantof aircraft and automobile
noise (from SR 518 and South 154_ Street). An'craftnoise
will decrease as some take-off and landingoperanonsare

shiftedtothenew nmway. Sinceaircraftnoiseismuch
greaterthantrafficnoise,thecloserproximityoftheroadto
thesewetlandswouldbeunlikelytoeliminatewildlifefrom
thearea.

Potential wildlife disturbancefrom wildlife management
activities would continue, as a result of ongoing
maintenance of emerg_acy access roads, stormwater
management facilities, and airportnavigation aids.

Hydrologic and Water Dismrhance to wetland hydrology is not antictpated
Quality because the projects do not add substantialnew unpervious

surfaces (The RSA is unpaved, and the street relocanon
replaces _ impervious surfaces). RSAs will
mcorpontte an internal damage system that will infiltrate
ntinwater falling on its non-paved surface and allow it to
discharge near its base, where this water can then enter
downslope wetlands.

Existing wetlands receive stormwater runoff from South
154_ Street and the STIA airfield. Following project
construction, stormwaterfrom the mad and airfield will be
detained and treatedwith BMPs for water quality, as
described m the SMP (Parametrix2000c). This will
improve water quality conditions m the wetland compared
to the extmng condition.

Third Runway

North End

Wetlands A 1, 8. and 9 Wildlife Habitat Disturbance to wildlife from automobiles and mrcraft
noise should not increase because wildlife m these
wetlands are already exposed to these notses. For Wetland
A1, substantialdisturbancesrelated to ongomg farm
activines will be eliminated, and nutigatton will be
completed to restore non-habitat wetland functions on the
site. This rmtiganonwill reduce habitat conditions for
waterfowl that currently feed on the farmland. Habitatfor
small mammals and aquatic orgamsms will unpmve.

Habitat m these wetlands will continue to be subjected to
potential wildlife management according to the Wildlife
HazardManagement Plan (Portof SeaRie 2000)
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Table 4-8. Summary. of potentisl indirect impacts to wethmds sad sctions taken to mitigate indirect impacts of
the SeatOe-Tscoma International Airport Master Pin Update improvements {continued).

Wetlands Funcuons Porenua! Indirect_ and Mingaoon

Hydrologic and Water Disturbance to wetland hydrology is not anuctpated
Quality because wetland hydrology m most of these areas ts

maintained by Miller Creek. and its hydrology, will not be
subs'lanludlyaltered by the project. The pm)ects do not
add subsumed new in_ous surfacesnear these
wetlands (the RSA for the new runway is unpaved, and the
su'eetrelocatiun replaces exisUng m_pervtous surfaces).
The runway RSA will incorporate an internaldrainage
system thatwill mfilwate rainwater falling on Its non-
paved sm'faceand allow it to discharge near its base,
where this water can then enter downslope wetlands.

Existing wetlands receive stormwater runoff from South
154= Street. Following project conslruclaon, stormwazer
from the roadand airfield will be detained and _eated with
BMPs for water quality, as described m the SMP. This
will improve water quality conditions m the wetland
compared to the existing condition.

l_panan Areas

Wetlands RI through Wildlife Habitat Disturbanceto wildlife will be minimal because of the
R17 project buffer to Miller Creek; the elimination of human

and domestic animal activity from the overall area, and
sparse vehicular u-afficon secumy road. No increased
level of disun'banceto wildlife is expected m Wetlands RI
and R2 at the South 156= Street bridge crossing since the
roadway already crosses these two wetlands. Wildlife m
the riparianareawill be exposed to noise from mcreased
air traffic; however, wildlife m the area is already tolerant
of disun-bance.

A small areaof WetlandRI will be shaded under the new
South 156" Street bridge.

Hydrologic and Water Disturbance to wetland hydrology is not anticipated
Quality because wetland hydrology m most of these wetlands is

maintained by Miller Creek, and its hydrology will not be
substanuallyaltered by the project. The projects do not
add substanlial new impervious surfacesnear these
wedands, and removal of development, the beneficial
impact of the embankment on hydrology (seeabove), and
establishment of wetland buffers will improve natural
hydrologic processes m these wetlands.

Some riparianwetlands receive stormwater runoff from

adjacentdeveloped property. Following pro)ect
construcuon_the provision orS0- to 100-fl buffers will
provide water quality functions and reduce the amount of

untreated stormwater. This will improve water quality
conditions m the wetland compared to the extstmg
condition.
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Table 4-8. Summary of potential indirect impacts to wetlands and actions take-, to mitigate indirect impacts of
the Sea'e-Tacoma International Airport Master Plan Update improvements (continued).

Wetlands Funcnons Potenual IndirectImpacts and Mitiganon

Cenu'alArea

Wetlands 18, 37, 39,and Wildlife Habitat Disturbance to wetlands and their wildlife from human or
44 domesuc animal acuv_y will be eliminated due to proper_'

accessregncuons.

D_ to wildlife from increued air waffic noise

may occur;,however, wildlife living m this region are
already tolerant of an'plane noise; therefore, no significant
impacts areexpec_L Disturbance from sparse vehicular
traffic on the security roadwill not adversely affect
wildlife.

Hydrologic and Water Perman*'-tdisturbanceto wetland hydrology is not
Quality anticipated except for a mall (0.02 acre) pomon of

Wetland39. FoUowing consu-uction, ten_rarily
disturbedareas will be numned to original topography.
The embankv-ent for the third runway will allow
mfduation of water outside paved areas and an internal
dramage system will convey tnfiluated smrmwater to
discharge locations at the base oftbe fdl pad. This water
will be dispersed rata or immediately adjacent to Wetlands
18 and 37 to maintain long-term site hydrology.

Downslope Isolated
Wetlands Wildlife Habitat Disturbance to wetlands and associated wildlife from

Wetlands A9 through humanor domestic anmud activity will be eliminated due
A 17 and A 19 to propertyaccess resmchons.

D_ce to wildlife from increased noise may occur;
wildlife iivmg m this region are tolerant of airplane noise;
therefore, adverse impacts arenot expected.

Hydrologic and Water Disturbance to wetland hydrology is not anticipated. The
Quality fill embankment forthe thirdrunway will allow infdtration

of rainwater into non-paved areas. The internaldrainage
system m the embankment will convey mfilwated
stormwaterto discharge locauons at the base of the fill
pad;routed stormwater will be dispersed into or
immediately adjacent to emsung wetland areasto maintain
site hydrology.

Some riparianwetlands receive stormwater runoff from
adjacent developed property. Following project
construcnon, the provision of 100-fl buffers will reduce
the amount of untreated stormwater. This will mlprove
water quality conditions m the wetland compared to the
emstmg condition.

Borrow Area l

Wetlands Bl, B4. and Wildlife Habitat Disturbance to songbirds and small mammals using these
32 wetlands could occurduring consu'uction.
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Table 44. Summary. of potential indirect impacts to wetlands and actions taken to mit/gate indirect impacts of
the Seattle-Tacoma International Airport Master Plan Update improvements (continuedL

Wetlands Funcuons Pomnual_ ImpactsandMiuganon

HydrologicandWater Interrupnonm hydrology,forWetlandsB land32isnot
Quah_' anUcrpatedsincea50-flbufferwillmaintainseasonal

perchedwaterregnne,andupslopesourceswillremain.A
co_ sto_ ttmtdischarges to the mcmed
channel that forms most of Wetland B4 will be removed.

reducmgerosiveflowsm thechannel.

Borrow Area 3

Wetlands29, 30, B5, Wildlife HabiTat Dismrb_ce to wildlife from increased atr waffic norse
B6, B7, B9, and B10 may occur, however, wildlife living m this region are

already tolenmt of mrpinne nome.

Hydrologic and Water Potential changes to wetland hydrology are not anuctpated
Quality because the upslope areas that supply runoff and

groundwatertothewetlandswillnotbedisturbed(see
Appendix C).

Borrow Area 4

Wetland 28 Wildlife Habitat Borrow Area 4 is located 100 to 300 R from Wetland 28.
The borrow area is separated from the wetland by the Tyee
Valley Golf Course and/or 196_'Street South or 18_
Avenue South. Noise and hunmn mmmion from these

exiting impacts willreducethe potentmldisturbance
co--on activityattheborrowareacouldhaveonthe
existingwetland.The locationofthewetlandm the

approa¢_zonetorunway34L alsomeanswildlifem the
wetlandaresubjectedtohighnomelevelsthatexceed
nOLSCgenerated by consmJcnon.

Hydrologic and Water The borrow area will not be excavated to elevations that
Quality intercept groundwater (Hart Crowser 2000), and tmpacts

to hydrologic sources of Wetland 28 would not occur.

South A_iation Support Area

Wetland 52 Wildlife Habitat Disturbance to wildlife will be minimal because ofa 75-ft

buffer. Wildlife m npanan area will be exposed to noise
from increased air traffic; however, wildlife already using
these areas are already tolerant of this type of dmurhance.

Hydrologic and Water No adverse tmpacts to water quality m riparian wetlands
Quality bordering Des Momes Creek are anticlpated because

stormwater runoff will not be chrected toward them.
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Table 4-8. Summan' of potential indir_-t impacts to wetlands and actions taken to mitigate indirect impacts of
the Seattle-Tacoma lnterna_onai Airport Muter Plan UIKlam improvements (continued).

Wetlands Funcuons Po_nna/Indire_ImpactsandMiugauon

IWS Lagonn Expansion

Wetland28 WildL/fcHabitat ExpansionoftheI'WSlagoonw/I/notdirectly,unpact
Wetland 28. The expansionwillresult m temporary
impact to wetland buffers thatcurrently consistof non-
nauve shruband herbaceous vegetanon that is g_owmg on
fillsoils. Construcuon will clearthisvegemnonand soil.
eventuallyreplacingitwiththefillsoilsofthenew lagoon

embankment.Wildlifeusingtheadjacentshrubandforest
habitatisofthewetland(primarilysongbirdsandsnmll
mammals)couldbe_,_m'ar//yd_mrbedbythese
activiues. Because the wetland is m the approach
departurezone of the ex/s_g runway 34L, mrcraft
routinely fly within several hundred ft of the wetland.
This noise level would exceed the noise from construcnon.

so wildlife use may not be reduced from exisnnglevels.

HydrologicandWater The rWS lagoon cons_rucuonresultsm areducuonm
Quality surface wamrnmoffthat enters Wetland 28 because about

5-acres of relatively compacted fill soils will be removed
andconvenedtoalinedlagoonsystem.Waterfallingon
thelagon_willenterthe/WS treatment system re.steadof
Wetland 28.

The lagoon system includes an underdrain that will collect
groundwater from beneath the lagoon (approxtmately 260-
ft elevation) and convey it to Wetland 28. The discharge
pointfor the underdrain is located upslope of the major
portion of Wetland 28. and disuibution of water to the
wetland at this location will ensure that it is available to

mammm high groundwater conditions downslope and
prevent dewatermg of the wetland.

Water q_ality impacts to the wetland will be prevented
from occurring during the construction penocl by
construction BMPs, as descn'bed in Section 4.2.1.

The IWS lagoon design prevents potential water quality
tmpacts due to a linerand its capactty. Dunng operation,
the lagoon lmer will prevent untreated water stored in it
from entering groundwater or Wetland 28. The lagoon
volume and IWS treamaent capacities arc large enough to
ensure thatovenoppmg and release of untreated runoff
throughthe emergency spillway is unlikely to occur
(Pararnetrtx2000c).
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Table 4-9. Summary. of indirect impact aria.l.lysisand wetlands partially filled _- STIA Master Plan Update
improvements.

Wetland Wetland Area (acres)
Number' Total Fill Indirec_ Retaining Explanation and Mitigauon

Runways Safety Areas

3 0.56 0.00 0.00 0.56 Precipitation,the embank'rightdrainage layer, andan
existing stormwaterouffall will maintain wetland
hydrology m this wetland. Retrofitting existing SDS for
waterqualityandquantitywill enhance hydrologlc
conditionsm thewetland.

4 5.00 0.00 0.00 5.00 Precipitation,dischargefromWetland3,andthe
emba-_t drainagelayerwillnminmm wetland
hydrologyinthiswetland.

5 4.63 O.14 0.00 4.49 Precipitation, the embankment drainage layer and existing
stormwam-outfallswillmaintainwetlandhydrologym tlm
wetland.Re_fiuingexistingSDS forwaterquality,and
quantatywillenhancehydrologicconditionsm thewetland.

Third Runway

9 2.83 0.03 0.00 2.80 A small portion of this wetland will be filled. While most
of the wetland receives water from the Miller Creek

riparianzone, seasonal seeps along the south side of the
wetland willconlanueas grmmdwaterconveyance through
the fill will be maintained by the embankment deszgn (i.e.,
the drainage layer). The wetland will receive surface water
inputs from a bioffltratiunswale located adjacent to the
relocatedSouth 154= Street.

11 0.50 0.34 0.16 0.00 Indirectimpacts result from nearby consu'uction of South
154= Street,runway embankment, and runway safety areas
over extended time periods.

12 0.21 0.21 0.00 0.00

Ig 3.56 2.29 0.55 0.72 Precipitationandtheembankmentdrainagelayerwill
maintain wetland hydrology m the rernainmg poruon of the
wetland.The mcorporanonofthewetlandintotheMiller

Creekbufferandremovalofexistmgnearbydevelopment
will ensure that habnat funcuons are maintainedor

unproved.Pornonsofthewetlandmay haveredirect
hydrologicimpactsifwatercollectedbychannelsdraining
theembankmentdonotdistributewaterefficientlytothis
wetland.

37 5.73 3.75 0.34 1.64 See18.

39 0.90 0.00 0.02 0.88 Indirect tmpacts could result from construcnon of a nearby
stormwaterpond.Incorporauonofthe wetlandinto the
MillerCreekbufferandupslopcwatersourceswillensure
remaining pomons are functional.

43 30.30 0.00 0.00 30.30 Maintenance of hydrology to Wetland 44 will ensure no
significant tmpact to this wetland occurs.
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Table 4-9. Summary of indirect impact analysis and wetlands partially filled b.vSTIA Master Plan Update
improvements (continued).

Wetland Wetland Area (acres)

Numberj Total Fill Indirectb Remammg Explanation andMitigation

44 3.08 0.26 0.00 2.82 Hydrologyfrompreclpxmnonandgroundwaterchscharge
throughthe cmbankmem and drainage channels will
mammmwetland hydrology m the downslope pornons of
the wetland. The removal of extmng residenual
development will r_luc¢ human impacts to the area and
rnammm orenhance wildlife habltat.

AI 4.66 0.59 0.00 4.07 Riparian portions of channelized Miller Creek will be
filled, and the streamrelocated. The new sueam channel
and the restorationof the Vacca Farm area will ensure that

theremainingpomonsoftbewetlandarefuncuonal.

A5 0.03 0.01 0.02 0.00 Indixectimpacts auribumd to proximity of wetland to
ewh=-t-ment and stormwater management facilities.

A6 0.16 0.07 0.09 0.00 See AS.

A9 0.04 0.00 0.00 0.04 Precipitationandtheembank-n_-mdrainagelayerwill
mammm wetlandhydrology.The mcorporanonofthe
wetlandintotheMillerCreekbufferandremovalof

exi,fdng nearby development will ensure that habitat
functions are maintained or improved.

AI0 0.01 0.00 0.00 0.01 SeeA9.

A lI 0.02 0.00 0.00 0.02 SeeA9.

AI2 0.I1 0.02 0.06 0.03 Precipitationandtheembankmentdrainagelayerwill
mammm wetland hydrology m the remaining pomon of the
wetland. The incorporation of the wetland mto the Miller
Creek buffer and removal of existing nearby development
will ensure thathabitat functions are maintained or
nnproved. If dism'bution of water to the wetland is
mefficient, indirect impacts to hydrology could result.

A 13 0.12 0.00 0.00 0.12 Portionsof @tiswetland ate subjected m temporary
xmpacts.Precipitation and the embankment dramage layer
will maintain wetland hydrology m the remaining pornon
of the wetland. The incorporation of the wetland into the
Miller Creek buffer and removal of existing nearby
development will ensure that habitat funcuons are
mamtamed or improved.

A I8 0.01 0.00 0.01 0.00 Theproximity ofthissmallwetland to construcuonwould
eliminateitshydrologyandfunction.

RI 0.17 0.13 0.00 0.04 HydrologyfromMillerCreek,precipitation,and
groundwaterwillmaintainwetlandhydrologym the

remainingpomons ofthewetland.The incorporationof
thewetlandintotheMillerCreekbufferandremovalof

exisungnearbydevelopmentwillensurethatripananand
habitatfimctions aremaintainedor unproved.
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Table4-9. Summary.of indirect impact analysisand wetlandspartially, filled bySTLA Muter Plan Upclate
improvements(continued).

Wetland Wetland Area lacres)

Number' Total Fill Inducer_ Remaining ExplanationandMingaUon

R2 0.12 0.00 0.00 0.12 Hydrology fi-omMiller Creek, precrptmuon,and
gm_radwaterwill rnam_ wetland hydrology following
con.mucuoa. The mcorporauon of the wetland into the
Miller Creek buffer and removal of emstmg nearby
development will ensm_ that riparian and habttat functions
aremaintained or unproved.

R3 0.02 0.00 0.00 0.02 See R2.

R9 0.38 0.00 0.00 0.38 Hydrology from Miller Creek, precipttation,and
groundwater discharge fTomthe embankment draw,age
channels will maintain wetlandhydrology in the remaining
pomom of the wethmd. The incorfx3ranonof the wedand
into the Miller Creek buffer and removal of emsung nearby
development will ensure that _ and habitatfimcuons
aremainlamed or m_oved.

Borrow Area !

48 1.58 0.00 0.00 1.58 Wetland hydrology will be mmmmned fl_ wetland
through precipitation and preservation of the upslope
drainage system between the wethmds and 20= Avenue
South.

32 0.09 0.00 0.00 0.09 A 50-fl buffer and preservmionof upslope runoff will
prevent impacts to wetland hydrology.

B 1 0.27 0.00 0.00 0.27 See Wetland 32.

B4 0.07 0.00 0.00 0.07 Groundwatersources that support this wetland will remain.
Removli of consmJ.cted drainage systems will reduce
erosive flows.

B12 0.63 0.03 0.04 0.56 Grading may alter distributmn of water to upslope pomona
of the wetland and result m redirect a'npact_to hydrologic
functions. The rerrmmng wetland area will remain
funcnona] because of groundwater and precipzm_on water
sources and its preservation m the Des Momes Creek
buffer.

BI5 2.07 0.00 0.00 2.07 See Wetland 48.
Borrow Area 3

B5 0.08 0.00 0.00 0.08 Borrow Area 3 has been designed to avoid impacts to the
hydrology of this wetland. Furtherassurance that

hydrologic impacts ate avoid is provided by a drainage
ditch thatmtercepts groundwater emanating on the face of
the excavanon and directs it to downsiopewetlands.

B6 0.55 0.00 0.00 0.55 See BS.

137 0.03 0.00 0.00 0.03 See B5.

B9 0.05 0.00 0.00 0.05 See BS.

B10 0.02 0.00 0.00 0.02 See BS.

29 0.74 0.00 0.00 0.74 See B5.

30 0.88 0.00 0.00 0.88 See Bb.
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Table 4-9. Summary of indirect impact unalyw and wetlands partially filled by STIA Master Plan Update
improvements (continued).

Wetland Wetland Area (ac_s)
Number' Total Fill Indirect_ Remaining Explanation and Miugation

Borrow Area 4 and Tyee Valley Golf Course Mitigation Area

28 35.45 0.07 0.00 35.38 Poruom of Wethnd 28 will be enhanced by rmtigation
planned at the Tyee Valley Golf Course, where emstmg
golf course green will be convened to shrubdominated
wetland. Master Plan Update improvemcms occurring
near Wetland 28 are lmmed to pomom of the thtrd
runway,which could, without miugauon, generate
hydrologic and water quality impacts. The stormwater
reportaddresses demnuou fac/lilies and water quality.
BMPs that will minimize these mtlmcts to the wetland and
downstream Des Moines Creek. Excavation of Borrow
Area 4, located south of Wetland 28 will not intercept
groundwater flowing to the wetland or Des Momes Creek,
and is thus unlikely to impact the hydrology of the wetland.

South Aviation Support Area

G3 0.06 0.04 0.02 0.00 The SASA project may eliminate upslope runoff that may
maintainunfilled poruom of this wetland.

(34 0.04 0.00 0.04 0.00 See G3.

G5 0.87 0.40 0.47 0.00 See (33.

52 4.70 0.00 0.54 4.16 Following conslzuction, hydrology m this wetland will be
mamtamedby Des Momes Creek and groundwater
seepage. Shading results m redirect Lmpactsto habitat
funcuom.

Auburn Mitigation Area

I 0.12 0.00 19.42 RemainingwetlandwillbeconvertedfromCategoryIII

emergentwetlandtoCategoryH forest,shrub,and
emergentwetlands.

TOTAL 15.97 2.40

' Wetland numbers m bold are parually tmpacted and subject to fragmentanon impacts. For these wetlands (except
Wetland 5) mitigation and removal of existing detrimental land uses miugate fragmentation wapacts because the
remammg pomona of these wetlands will be m less disturbedareas with greater connectivity to other habitat areas.
The acreage of redirect wetland impacts reported m this table is included m the total wetland impacts for the
Master Plan Update n-nprovements(l 8.37 acres). Mitlgation for the redirect impacts reported here is provided at a
mmanum 3:1 replacement ratio (see Paramemx 2000b).

4.3.2.1 Wildlife

Noise and Human Activity,

Wildlife species exhibit a wide range of tolerances to human disturbance, including noise (Gladwin

et al. 1988; Manci et al. 1988; and Newman and Beattie 1985). Near commercial airports, a wide

variety of wildlife frequently habituates to aircraft noise and other human disturbance (Gladwin et

al. 1988; Manci et al. 1988; Conomy et al. 1998). Some wildlife species appear to be inherently

tolerant of loud noise, or they can adapt to noise, as evidenced by wildlife presence at airports and
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the vane_ of wildlife frequently struck by aircraft (FAA 1997). Other less tolerant species are

frequently absent from urban areas.

Studies of aviation noise impacts to wildlife have focused on areas where aircraft flight is

infrequent or where aircraft disturbance is of an extreme intensity. These studies have examined
low-flying military aircraft over undeveloped areas and aircraft that fly at speeds that produce sonic
booms (Manci et al. 1988; Gladwin et al. 1958; Weisenberg et al. 1996; Newman and Beattie

1985). The results of these studies are not necessarily applicable to typical commercial airports
such as STIA, where more constant bm often lower intensity noise occurs in areas that are largely

developed.

Disturbance of habitats adjacent to the new third runway at STIA due to increased aircraft noise

should not be significant because the new runway will be constructed in areas that are currently
subject to significant human disturbance (residential development). Existing noise, visual, and
habitat disturbances within or adjacent to wetlands in the acquisition area will be removed, while
aircraft noise will generally increase. However, wildlife occurring in the acquisition area are
limited to those species that are tolerant of human disturbance (including aircraft noise) and have
already habituated to substantial noise and human disturbance. Wildlife habitat near the new
runway is also near existing runways, and thus it currently receives aircraft noise. For these
reasons, the wildlife species present are likely habituated to aircraft noise, and unlikely to abandon
suitable habitat upon operation of the new runway.

Most wetlands that occur adjacent to Master Plan Update improvements are subjected to substantial
human disturbances, and in many cases, following construction, will be subjected to the same or
less disturbance than currently exists (see Tables 4-8 and 4-9). Existing land uses and associated
disturbances occumng in the acquisition area that will be removed from wetlands include mowing,
clearing, plowing, chemical applications for yard maintenance and fanning, uncontrolled
stormwater runoff, wildlife disturbance from domestic animals, and general urban noise. Some
wetlands will be somewhat closer to potential airport-generated noise disturbance, but this
disturbance is not expected to eliminate wildlife from the affected wetlands for reasons explained
above.

Wildlife Management

The Port and FAA are mandated to take emergency actions to protect life and property in all areas
near the airport CU.S. Department of Agriculture [USDA] 2000), including the mitigation sites.
This need is reflected in the restrictive covenants (see Parametrix 2000b). The Wildlife Hazard
Management Plan (WI-IMP) for STL_, CUSDA 2000) identifies the Port's responsibility to restore
and mitigate wetland impacts should emergency actions damage mitigation sites. Indirect impacts
from wildlife management are not anticipated.

Emergency Response

Spill prevention, control, and response procedures are described in the Port's Spill Prevention
Control and Countermeasure Plan (SPCCCP). The plan emphasizes prevention of spills in the
stormwater drainage system (SDS) basins (spill/source control measures are summarized in the

attached table), and also includes complete control and response procedures for spills (summarized
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in the flowcharts that are part of the plan). Two spills in the SDS have occurred in the last 5 years,
both in subbasin SDS-4. In both cases, the spill was completely contained on Port prope_., using

the SPCCCP response procedures and no total petroleum hydrocarbons (TPH) were detected in Des
Moines Creek do_ of the spills.

4.3.2.2 Wetland Fragmentation

Potential loss of wildlife habitat resulting from a reduction in the size and numbers of the remaining

wetlands adjacent to the embankment or adjacent to other are.as of project activity is not anticipated.
The 18.37-acre impact value accounts for all losses of wetland and wetland habitat.

Wildlife habitat impacts that result from wetland fill are proportional to the area of wetland filled
when specialized habitat requirmnents are not lost, and substantial areas of adjacent habitat remain.
Wildlife could be eliminated from a wetland arcm if (a) the remaining wetland habitat is smaller

than the minimum habitat requirements of a wetland-dependent species, or Co) if unique wetland
habitat features that wetland dependent species use are eliminated.

Filling of existing wetlands may potentially affect populations of wetland-dependent species that
are restricted to specialized habitats (e.g., waterfowl) by eliminating the specific habitat that a given
species requires. However, because the existing wetlands occur in an already highly lzrbanized and
disturbed environment, many of the wildlife species that occur in these wetlands are widespread,

cosmopolitan species with wide environmental tolerances. Filling existing wetlands may reduce
the amount of habitat available, but should not eliminate habitat on which these species depend.
Wildlife species with specialized wetland habitat requirements (e.g., beaver, muskrat, and green-
backed heron, etc.) have not been observed in the wetlands affected by the project, and it is unlikely
they are present in the project area due to the condition of existing habitat.

For the wetlands being partially impacted, no unique or special habitats will be filled that would
affect the ability of a species to use the remaining portion of the wetland. For example, if breeding
amphibians were present in a wetland, and all the open water breeding habitat were filled, the
remaining wetland could lose its ability to support amphibians and experience an indirect impact to
its wildlife diversity. This or similar cases are not present at the airport.

The typically terrestrial wildlife species using upland and wetlands partially filled by Master Plan
Update improvements (Appendix M, FAA 1996) are not dependent on the wetlands for their life

history functions, and these species are expected to use the remaining habitat matrix of uplands and
wetlands.

Mitigation adjacent to the embankment includes protection and ecological enhancement on over 56
acres of wetland and upland (Table 1-3) that is currently degraded by human uses. In the landscape
comext, the proposed mitigation ('Parametrix 2000b) will improve habitat connectivity, patch size,
and habitat quality, and their positive effect will mitigate the potential for indirect impacts to habitat
resulting from the Master Plan Update improvement projects. On the west side of the embankment,

connecting the smaller wetlands via the riparian and wetland buffer, eliminating human and
domestic animal use of the area, and enhancing the habitat through planting of native vegetation

WetlandFuncnonalAssessmentand ImpactAnalysis December2000
Seattle-TacomalnternanonalAwport 4-39 556-2912-001(03)
MasterPlanUpdate a.,,_.-,,,,_w_,gt.,_J_t..ot_J_woot_ s,t,_,,,,,t w,_ t_,,a_

AR 048204



will eliminate the potential for indirect wetland impacts. Additional benefits to aquatic habitat and
the Miller Creek watersheds arc derived from four instrcarn enhancement projects.

The presenceofundisturbedcorridorsbetweenhabitatpatchesand groupsof smallerbut inter-
connectedhabitat,patchescan increasewildlifepopulationpersistenceand speciesdiversit3'

(Forman and Gordon 1986). For example, the minimum 200-t-wide by 6.500-t-long nparian
buffer along Miller Creek and the Vacca Farm restoration will lead to: (1) increased cormectivity
between individual wetlands, (2) increased connectivity between riparian zone wetlands and stream

systems, and (3) protection of riparian habitats by upland buffers.

Finally, as discussed in Section 4.3.2.4, the runway embankment projects, with their planned
mitigation, are expected to maintain or improve hydrologic conditions in downslope wetlands.

4.3.2.3 Wetland Habitat Complexity. and Biological Diversity

The project will not result in a loss of wetland habitat complexity or species diversity because it
will not eliminate any species from the project area nor affect any rare or specializedhabitat type.
Genetic diversity, source populations to re,colonize disturbed areas, and a gene pool necessary, to

adapt to long-term change will not be lost because, as explained below, plants and animals in
wetlands affected by the project are part of widely distributed, homogenous populations.

Existing habitat complexity and plant diversity within wetland systems affected by the project are
generally low for several reasons. Historical and ongoing logging, farming, grazing, golfing, and
landscaping have eliminated natural plant communities and wetland habitats. As some of these
wetlands have been more or less abandoned of human activity, they have been colonized with
native and non-native plants. These early successional plant communities consist of cosmopolitan
plant species, l! including native and non-native invasive grasses, forbs, and shrubs (e.g., reed
canarygrass, creeping buttercup, and Himalayan blackberry). Because the wetlands have generally
had only a few decades or less to recover from significant disturbance, there has not been enough
time to establish a full diversity of native plants that might typically occur in these habitats.

Another reason existing plant diversity in the wetlands is low is because of the limited number of

wetland types present. For example, most wetlands have seasonally saturated soils and lack
seasonal ponding. They f_equenfly lack saturated soil during the summer and early fall months.
Given these relatively homogenous environmental conditions coupled with the existing disturbance
regime, the plant communities and the variety of habitats ("niches") they provide for different
species is limited and frequently similar to adjacent upland areas.

_Cosmopolitanplantspeciesarethosethatarecapableofandgenerallydooccurinawiderangeofhabitatsandover
largegeograpkicalareas.Theyarefrequentlytolerantofawiderangeofsoil,chrnatc,andotherhabitatconditions.
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Plant species found in the wetlands are expected to be genetically similar to those plants in the
region because of the relatively homogenous distribution of native plant communities in western
Washington. The seed and pollen dispersal mechanisms found in these plants promote genetic
homogeneity at local and regional levels. For example, many of the tree (willow, black
cottonwood, red alder, and redcedar) and shrub (willow, western hazel) species are wind pollinated.

The small poIl_n grams are readily dispersed hun_ of yards to tens of rniles by v_ind. Lik_vise.
the seeds of most of these species are equally _d_pted to be dispersed significant distances by wind

(nearly all common trees and many shrubs in Washington) or animals (berry and nut producing
trees and shrubs). These pollination and seed dispersal mechanisms for these common wetland

plants found in the area genc_'ally prevent developman of specific genotypes at the local level.

Because wind and animals readily disperse the species, _ sources that allow plants to colonize
disturbed areas are typically abundant. The planned in-basin mitigation that preserves large

existing wetlands, maintains corridors, and restores native plant communities to over 67 acres of
land near STIA will ensure that the watersh_l and local ares is not deprived of seed sources of these

wetlandplants.For thesereasons,a changeintheresistanceof thewetlandsor watershedsto
disturbanceisnotlikely.

The recentplantcolonizationof the wetlandsfollowingvariousdisturbancesthathave been

ongoingforatleastseveraldecadesalsoaffectstheirdiversity.For speciesof plantsthathave
colonizedthe wetlandssincerecentdisturbance,the floraconsistsof a singlegenerationof

perennialplants,aconditionthatpresentslittleornoopportunityforgeneticdivergencetooccur.

As demonstratedinthemitigationplan(Parameu'ix2000b),mostmitigationforimpactstowetland

functions(exceptwildlifehabitat)areoccurringon-siteandin-basin.The mitigationplanincreases

thelevelof post-mitigationwetlandfunctionon the mitigationsite,as wellas the numerous

additionalmitigationactions(e.g.,uplandbuff'as,streamhabitatenhancement,implementationof

additionalstonnwatermanagement,etc.)thatprotectorenhanceecologicalfunctions.Functionsto

beprovidedby naturalresourcemitigationprojectsaredescribedinthemitigationplan(Parametrix
2000b).

4.3.2.4 Impact to Wetland Hydrology and Hydroperiod

The potential for construction of the third runway embankment and retaining walls to alter the
water available to maintain adjacent wetlands and their function is addressed in this section. The

hydroperiod (i.e., the depth, duration, and timing of soil saturation and flooding) of a wetland is the
most important determinant for maintenance of wetland types and ecological functions (Mitsch and
Gosselink 1993). For this reason, significant alterations of wetland hydrology can result in
potential changes to wetland type and the functions they provide. Eliminating significant portions
of a wetlands water source could convert the wetland to upland habitat.

The wetlands adjacent to the proposed third runway embankment include forested and shrub-
dominated wetlands on seepage slopes or shallow depressions (see Figure 1-3). Seasonal (fall-
spring) precipitation and groundwater seepage are the dominant sources of water to these wetlands.

For several wetlands (especially Wetlands 18 and 37), groundwater seepage extends the period of
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soil sam_ration within the wetland to the mid-summer period, and sustains the groundwater

discharge functions of the wetlands.

The third runway embankment has been designed with retaining walls to reduce the volume of
runway fill and impervious surfaces, which significantly alter the hydrology of downslope wetlands
and streams. Design features incorporated into the project that help maintain wetlands and reduce
base flow impacts include:

• A permeable rock drainage layer will be consm_cted atop existing soils, beneath the
embankment footprint. This drainage layer will allow groundwater': that currently surfaces
in the wetlands to be conveyed downslop¢ to wetlands at the edge of the embankn_ent.

• Drainage channels cons_ucted along the west base of the embankment that will collect
water that emanating from the embankment and convey and distribute it to downslope
wetlands.

• Engineered fill materials of sui_cient p_rme._bility to infillrate rainwater falling on non-
paved portions of the embankment (this feature reduces the amount of surface runoff
generated from the embankment and maintains shallow groundwater sources for downslope
wetlands).

• Use of permeable stone columns z3as retaining wall footings that will avoid altering the
patterns of groundwater movement in the vicinity of retaining walls.

• Use of retaining walls to reduce the size of the fill footprint and reduce the filling of
wetlands. Retaining wall designs allow water to move vertically and laterally to prevent
interruption of water flow to downslope wetlands (see Appendices B and E).

Several hydrologic modeling analyses have been conducted (Hart Crowser 2000 [Appendix F],
1999 [Appendix B]; EarthTech 2000 [Appendix G]) to evaluate the effect of the runway
embankment on base flow conditions in Miller Creek and downslope wetlands. These studies
indicate that overall annual groundwater base flow to the wetlands will be reduced slightly.
However, due to a hydraulic lag, base flows to the wetlands will be reduced during winter and early
spring months, and increased base flow will be available to downslope wetlands and Miller Creek
during summer months (EarthTech 2000; Hart Crowser 1999, 2000).

The SeaTac Runway Fill Hydrologzc Studies Report (Ecology 2000) identifies 1.68 acres of
wetlands that could be indirectly impacted due to hydrologic changes associated with the
embankment (especially the Wetland 18 and Wetland 36 complex). Further analysis of this
potential impact is discussed in Sections 3.2 and 3.6 of Ecology (2000) report. The analysis
concludes (pages 7, 51, 52, and 60) that seepage into the embankment and delay in water

': The sources of this water includewaterthat infiltratesonto the extsung airfield(a quantity which will remain
unchanged)andwater that infiltratesinundevelopedlandwestof theairfield.

'-_Thesepermeablestonecolumnsandothersubgradetmprovementsaredescribedm AppendicesB and E.
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movemem through the embankment would not result in the loss of these downslope wetlands.
Water will infiltrate into the embankment and eventually discharge to the downslope wetlands.

Although the report identifies potential secondary impacts, it also identifies a potential net benefit
to wetland hydrology during the summer months due to the delay between the time water infiltrates
into the embankment and when it discharges from its base.

This analysis of potential benefit to wetland hydrology for downslope wetlands is applicable to the
indirect impact analysis for the following wetlands: 3, 4, 5, 7, 8, 9, 11, A1, All, A13, 18. 37,
Channel B, and all riparian wetlands located in the west side acquisition area.

The hydrology of riparian wetland areas, located on the east and west side of Miller Creek (see
Table 4-5), will not be altered from a loss of seepage water as described in the above referenced
analysis for Master Plan Update improvements. In addition, the extensive stormwater management
system will prevent increases in peak flow rates and duration of peak flows, that may otherwise
result in significant down cutting and bank erosion (SMP Parametrix 2000c; section 4.3.2.5 of this
report.)

The results of the analysis completed by Hart Crowser (2000, Appendix F) also concludes that
groundwater flow rates will be similar to existing conditions. However, existing conditions are
predicted to be slightly higher or lower depending on annual precipitation. This study concludes:

• Groundwater flow rates beneath the proposed embankment will generally be similar to or
slightly lower than for existing conditions during wet years.

• Groundwater flow rates beneath the embankment would show a small increase over existing
conditions during dry years.

• Although the runway project will produce slightly more surface nmoff volume (especially
in wet years) compared to existing conditions, the overall long-term average flows are very
similar in all years.

• The longer seepage path through the embankment results in a seasonal lag, which produces

a net increase in base flow to Miller Creek and adjacent wetlands in the summer and early
fall.

The most recent Hart Crowser (2000, Appendix F) base flow modeling findings are consistent with
Ecology (2000) report, which concluded: "Flows would be lower in the winter than under current

condition, and greater in summer compared to the current condition." Ecology also noted that
"flows to local wetlands and the streams will be reduced only in winter when abundant water is
typically present."

Finally a comprehensive evaluation of the potential low streamflow impacts in Miller, Walker, and
Des Moines Creeks from the planned STIA improvements has been completed (Earth Tech 2000,
Appendix G). This evaluation used an HSPF model to evaluate the expected low flow conditions
during August and September in the three creeks based on 1994 land use conditions and land use

conditions following all Master Plan Update improvements in 2006. This evaluation specifically
addressed the following conditions:
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• Late summer discharge of infiltrated water stored in the proposed Third Runway
embankment fill.

• Changes m non-hydrologic flows within the buy-out area m the watersheds. ('Discontinued
irrigation withdrawals from the watershed and discontinued discharge of imported water
through septic system drainfields).

• Secondary recharge of runoff from pavement atop the proposed Third Runway embankTnent
fills.

• Extended duration discharge from stormwatcr detention facilities through infiltration
galleries that would provide input to the shallow groundwater regime adjacent to Miller
Creek.

• Managed release of stormwater from reserved storage to ensure that low flow discharges in
streamsdo not fall below pre-project levels.

The results of this analysis (See Appendix G) show that for Miller, Walker, and Des Moines
Creeks, average August and September flows are predicted to increase above existing conditions,
and the 7-day low flows are expected to match pre-project conditions. A net increase of 0.04 cfs in
August/September average flows is predicted in Miller Creek at SR 509. In the upper reach of
Walker Creek, average August and September flows are predicted to increase by 0.009 cfs. Des
Moines Creek average August and September discharges at South 200 = Street would increase by
0.12 cfs.

While analysis indicates that it is unnecessary, the groundwater hydrology of riparian and isolated
wetlands adjacent to Master Plan Update improvements will be momtored for a minimum of 10
years as described in the Natural Resource Mitigation Plan (Parametrix 2000b). The purpose of
this monitoring will be to collect data that earl be used to determine if hydrologic conditions in the
wetlands are sufficient to maintain the existing wetland vegetation types. If necessary, the

goundwater collected in drainage channels or stormwater management systems can be
redistributed to specific wetlands in amounts sufficient to maintain the desired conditions.

4.3.2.5 Stormwater Management During Operations

This section discusses the potential impacts of stormwater runoff to streams and wetlands. The
analysis considers the potential for runoff generated by Master Plan Update improvements to affect
aquatic habitat, and considers and describes the stormwater management facilities incorporated into
project planning to protect aquatic habitat. The features of aquatic habitat protected by this
mitigation include:
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• water quality (e.g., DO, nutrients, • habitat complexity (e.g., large woody
temperature, etc.) debris, channel complexity, etc.)

• substrate composition • aquatic vegetation

• water quantity, depth, and velocity . food resources

. cover/shelter . riparian vegetation

• habitat and floodplain connectivity

These habitat features can be protected by preventing increases m peak flow discharges, protecting
streams from degradation of water quality, and maintaining base flow conditions. Potential impacts
and proteeuon of water quality and hydrologic conditions are evaluated in detail in the

Comprehensive Stormwater Management Plan (Paramctrix 2000e) and the Biological Assessment
(TAA 2000) and summarized briefly here.

Stormwater Quality. and Mitigation

Overall, the Master Plan Update improvements will result in a greater volume of stormwater
undergoing detention and treatment. This will be accomplished through retrofitting areas with new
stormwater management facilities at STIA as well as detaining and treating all stormwater
associated with new impervious surfaces from Master Plan Update improvements. A result of the
retrofitting will be reductions in copper and zinc currently discharged to Miller, Walker, and Des
Moines Creeks through the collection and routing of stormwater to the IWS system." However,
operations at STIA following implementation of the Master Plan Update improvements could still

affect water quality through the discharge of conventional pollutants and chemicals used in ground
and aircraft de-icing to adjacent streams and the discharge of these same chemicals to the Puget
Sound in IWS effluent. However, failure or overflow of the 1WS system is unlikely, as discussed
in the Comprehensive Stormwater Management Plan (Parametrix 2000e). Analysis of aircraft de-
icing and anti-icing fluids (ADAFs) used at STIA as well as the projected concentrations of
pollutants in stormwater and IWS effluent indicate that the concentrations of these chemicals will

not adversely affect wetlands and aquatic habitat in Miller, Walker, and Des Moines Creeks as
discussed below.

Water quality impacts will be mitigated (to maintain or improve the existing condition) by
establishing and maintaimng water quality treatment BMPs. These BMPs are sufficient to protect
wetlands and other surface waters and also meet or exceed the requirements of the Ecology Manual
(Ecology 1992; Parametrix 2000c). Additionally, existing developed areas that currently lack water
quality treatment BMPs will be retrofitted with water quality treatment BMPs, to the maximum
extent practicable (Parametrix 2000c). This retrofitting will further ensure wetlands and streams are

protected fi'om water quality degradation. Water quality treatment of new surfaces plus treatment

)_ Analysis of stormwater quality is evaluated m FA.A (2000) and concludes that changes m the IWS discharges
resulung from the project will not adversely affect fish habitat m Miller and Des Momes Creeks or the IWS outfall.
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retrofitting of existing surfaces will result m u-eaunem provided for 189 percent of new impervious
surfaces (FAA 2000). Additional measures to mitigate water quality impacts include source control
and the operation and expansion of an IWS to treat stormwater nmoff generated from high-use
areas (pararnemx 2000c).

Characterization of STIA stormwater, potential effects on aquatic habitat, and mitigation measures
are discussed below.

Bioasssy Testing. The effect of stormwater runoff on aquatic habitat downstream of the Port
discharge points has been evaluated using knowledge of stormwater toxicity as described in FAA
(2000). Bioassay scr_ning tests m Miller and Dos Moines Creeks downstream of existing STIA
stormwater outfalls demonstrated no toxicity to either fathead minnows or the invertebrate Daphnia

pulex. For all tests, there was 100 percent survival in the undiluted stormwater and the stormwater
was thus non-toxic to the exposed test organisms.

Whole-effluent toxicity performed on effluent from existing STIA stormwater outfalls, to satisfy
NPDES Permit requirements (see FAA 2000), used standard protocols and sensitive species (the
fi'eshwater crustacean, Daphnia pulex, and the freshwater fish, Pimephales promelas) protocols.':
The WET test results are conservative because they represent conditions before dilution in the

receiving waters. WET sample.s did not account for flow through facilities such as Lake Reba,
where physical, chemical, and biological processes will capture or transform dissolved pollutants.

Of the four outfalls tested, three met the WET performance standards, demonstrating an overall
lack of toxicity in samples consisting of I00 percent STIA stormwater. The runoff from the three
outfalls m which no toxicity was measured are most representative of runoff expected from airport
activities included in the Master Plan Update, including drainage from runways, taxiways, hangers,
terminal facilities, cargo handling areas, etc. Only one outfall (SDN-I) demonstrated toxicity.
Runoff from galvanized rooftops was identified as the source of toxicity (Port of Seattle 2000b).
These rooftops cover a limited area of the SDS (approximately 2 acres, or about 0.5 percent of the
SDS), and are not representative of Master Plan Update improvement projects, which will not use
zinc-treated roofing materials. Furthermore, the toxicity observed in SDN-I does not result in

instream toxicity, as demonstrated by the results of the instream toxicity screening (see above). The
lack of toxicity is likely the result of runoff flowing through vegetated drainage channels and Lake
Reba, where physical, chemical, and biological processes would remove and dilute dissolved

pollutants prior to entering Miller Creek. The Port is reducing or eliminating the source of zinc
from the SDN-I rooftops through the application of roof coatings or other treatments.

Although the above observations demonstrate that stormwater nmoff is not toxic, May et al. (1997)
conducted a comprehensive study of Puget Sound streams (including Miller and Des Moines
Creeks), which concluded that chemical water quality does not represent the critical factor to biota

)_The invertebrateDaphniapulex is moresensinve to the types of pollutantsexpected to caussetoxicity m STIA
stormwaterthansalmomds(USEPA 1985).
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in urban streams. Rather, they found streamhed and bank stability (altered by changes in nmoff

volume) were detemdned to be the '_nost significant problems" in Puget Sound urban streams.

Water Quality. Impacts from Filling Wetlands. Although the water quality functions of the
existing wetlands will be lost when these wetlands are filled, the overall project' including the

planned mitigation, is likely to result in improved water quality m Miller and Des Moines Creeks.
This is true for several reasons.

First, a number of the existing wetlands that will be impacted by Master Plan Update improvements
do not provide optimal water quality treatment functions. The treatment function in some of these
wetlands is sub-optimal due to a short residence time (as infrared by wetlands on slopes, small size.
topography that limits ponding and storage of water, and channelized flow) and a lack of dense
emergent vegetation. The above mentioned factors are typically associated with wetlands with high
function for water quality improvement.

Second, the proposed stormwater manag_nent facilities will include water quality treatment
('Parametrix 2000e). This will primarily consist of biofiltration swales and filter strips, as well as
wet vaults where biofiltration is not feasible. These water quality treatment facilities will be
constructed to meet Ecology and NPDES requirements. These facilities will be at least partially
effective in replacing the water quality functions of the wetlands to be filled.

It is noteworthy that existing wetlands (to be filled) receive untreated stormwater nmoff from non-
STIA areas. For example, existing wetlands downslope of 12= Avenue receive untreated

stormwater runoff from 12= Avenue and provide treatment (at less than optimal rates) prior to
discharge to Miller Creek. Treating storrnwater likely degrades some of the biological functions
also provided by the wetlands. Following construction of the embankment, nmoff will be treated

by water quality treatment BMPs (Parametrix 2000c) which should enhance the biological
functions oftheremaining wetlands.

Third, and perhaps most important, construction of Master Plan Update improvements and
mitigation measures will improve the quality of water draining to the streams and wetlands. These
include:

• Removal of existing pollution-generating impervious areas within the buy-out area (e.g.,
streets and driveways) without water quality treatment facilities;

• Restoration of farmed areas in the Miller Creek floodplain with native vegetation, to
eliminate/reduce erosion and pollutant sources;

• Removal of residential and commercial land-uses in the buy-out area will eliminate

pollutant sources, including failing septic tanks, fertilizer, runoff, and other potential
pollutants (pesticides, pesticide residues); and

• Establish riparian buffers along Miller Creek and develop setbacks along Des Moines
Creek.
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Inaddition,a$300.000mm fundwillbe createdtosupportwatershedrestorationprojectsthatmax,

improvethewaterqualitym thestreamsand wetlands.The overalleffectofallthesechangesand

measuresislikelytobeimprovedwaterqualitym Miller,Walker,andDes MoinesCreeks.

Mitigation.Water qualitymitigationactionsincludepollutantsourcecontrol,water qualiD'

treatment(includingtheIWS), and off-siteenhancementsof wetlandand streamwaterqualiD,
functions.TheseactionsarelistedinTable8-IoftheBA (FAA 2000)and Section7.1.4oftheBA.

As describedinSection7.1.4.4oftheBA, stormwatertrcatmerltisdesignedtoserve189percentof

then_,vimpervioussurfaceassociatedwiththeproject.Thisleveloftreatmentcompensatesforthe
potentialinefficienciesofBMPs, thereforeno significantwaterqualitydegradationwould occur.

Quali_,TreatmentBMPs. Allnew MasterPlanUpdatePGIS inSTIA subbasinswillreceivewater

quality trealment to m_t or exceed the requirements of the Ecology Manual as discussed above and
in the SNIP (Paramemx 2000c). Where existing dc_,eloped areas do not have BIVIPs consistent with
the Ecology Manual, these areas will be retrofitted with water quality tmatmcm BIVIPs to the
maximum extent practicable.

The primary water quality BMPs for existing and proposed pollution generating impervious
surfaces (PGIS) will be filter strips and bioswales. In these facilities, water quality treatment occurs

as nmoff from impervious surfaces sheet flows over broad, shallow-sloped grassy areas (filter
strips), or is directed through grass-vegetated swales (bioswales). The gentle slopes and large
surface area slow runoff rates and enhance the settling of particulates. Water infiltrates into the
ground as it flows over the vegetated area, further filleting out particles. Removal of metals and

organic compounds is also significant, as these pollutants bind to napped particles and/or the
organic material in the soil and vegetation. In areas where adequate space is not available,
treatment may also be provided by wet vaults, which remove particulates and other sorbed
pollutants by settling.

Filter strips and bioswales have proven effective for most pollutants m nmoff fi'om STIA, as
demonstrated by pollutant concentration data and toxicity testing at STIA outfalls. As required by
the Port's NPDES Permit, ongoing monitoring will demonswate the effectiveness of BMPs and,

where necessary, will indicate where additional levels of protection may be necessary. The Port's
NPDES Permit provides appropriate and effective mechanisms for monitoring BMP performance
and improving BMPs when necessary.

The King County Manual (King County DNR 1998) requires that high-vehicle-use areas '_ (i.e.,
road intersections with high vehicle counts) have oil control treatment. The upper and lower

_ The King Coun_ Surface Water Management Manual (King County DNR 1998) defines high-use sites as any one of
the foUowmg:

• commercial or tndusmal site subject to average daily traffic count equal to or greater than 100 vehicles per 1,000 square ft
of gross built area, or

• commercialorindustrialsitesubjecttopetroleumstorageandtransferinexcessof1,500gallonsperyear,or

• comme_tal or industrial rote subject to use. storage, or mmntanance of a fleet of 25 or more diesel vehicles that are over IO
tons gross vehicle weight, or

• a road intersection with average daily traffic of 25.000 vehicles or more on the main roadway and 15,000 vehicles or more
onany intersectmg roadway.
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terminal drives appear to fall under the high-use definition, and will be retrofitted with oil control

treatment or runoffwill be diverted to the IWS (Parametrix 2000c). The IWS meets or exceeds the

r_luircments for oil control trcaunent.

Source Control. Source identification and controls used at STIA are listed in Table 4-10. Source

controls include passive measures (such as warning signs on catch basins and education of airport

and tenant cmploy_s) and active measures (such as sweeping near and cleaning of catch basins).

Table 4-10. Su_le-Tacom International Airport source conn'cl BM]Ps(as approved by Ecology).

Acnvity BMPs

A_cra_ servicing Rcsmct to IWS areas or block drains
Store glycol m IWS
ConfineparkingoflsvamrywastetruckstoI'WS

Idcmifyanddivertpommml sourcesof mdusmalpolhimms toIWS
RestrictionsforfuelingtmmxiwayAlplm

MonitorSDS ouff,llsduringdc-icnig

An'craftMovementArea(AMA) MinimiTede-icingchemicaluse

anti-icing/de-icing Usecalciumnmgnesmm acetate(C"MA)/saudnuxtureforroadways

Snow storage Operate pump stations to divert anowmelt to IWS

Spill conn-ol Implement spill plan

Vehicle washing andmaintenance Prohibit vehicle washing in SDS areas
Placesignsinkeylocations
CleansumpsinTaxiYardannually
SweepTaxiYardmadconmallitter
Mammin catchbasininserts

AMA maintenance Sweep pavement f_quently
Inspectcatch basinsumps annually andcleanasneeded
Storeanddisposeofsedimentsproperly

Consn'actsecondarycontainmentforusedenginefluids

Inappropriateconnectionsand Inspectouffallsforevidenceofillicitconnections
discharges

Temporary.storageofsurplusand StoreliquidsinapprovedsecondarycontamrnentorIWS areasonly
usedmaterials Controlenn'yofsurplusmatermls

Landscapemanagement Useenvironmentallybenignchermcalsonlywhen necessary.
(m developedareas) Iflandscapechcrrncalsarcused:

• Followpropercleamng/disposalprocedures

• Apply dunng dry penods
• Resmct use near waterways

• IncorporateBMPs into contractor specifications

• Follow Ecology guideimes for herbicide applicarton
• Apply herbicides/pesticides according to ms_ructions
• Fertilize shrubsand n'ees by hand

• Avoid catch basra grates when applying fertilizer or pesticides
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Table 4-10. Seattle-Tacoma International Airport source control BMPs (,,¢ approved by Ecology) (continued).

Acnvtty BMPs

Implement IntegratedPest ManagementPlan as appropriate
Give priorityto biologlcal methods of pest management
Conduct regular weeding and pvmi_g
Trim ivy-covered areas by hand (do not use herbicides)
Do not use beautybark in dramageways

Tenant acuvities in SDS areas Monitor and educate tenants on somme and spill conu'ol
De-ice aircraft accordingtoesmbli_ed procedures
Encourage drip pansbeneath fueling m_cks ffleakage is observed
Sweep around dumpem-s
Storeliqui_insecondaryconmmmm=
Do not store used fluids or hazardous waste in SDS areas

Do not maintainvehicles or equipment in SDS areas
Inspectcatch basingates
Require tenant water pollulion control plans
Enforce tenant compliance with PortSWPPP
Require tenant spill conu'ol plans

OtheroperationalBMPs Evaluate operalaonsand revise standardoperating procedures to mmunize
pollution
Designate an SWPPP implementalion monitor
Conduct regularinspections of SWPPP elements
Assemble pollunon prevention team
Conduct SDS ouffall monitoring
Sign cat_'hbasins ("dump no waste - drams to salmon stream")
Establishpacking material source control

Source identification is also an important pan of source control. As required by its NPDES Permit,

if elevated pollution levels or toxicity are measured in STIA stormwater, the Port updates its

Stormwater Pollution Prevention Plan to eliminate or provide treatment for the source. Source

control BMPs are reviewed and approved by Ecology and meet or exceed the requirements of the
King County and Ecology Manuals.

Industrial Wastewater System. The IWS collects stormwater from the terminal, air cargo, hangars,

maintenance, and parking areas. Stormwater from these areas may be contaminated by accidental

fuel spill, de-icing chemicals, and washwater from cleaning of aircraft or ground support vehicles.

The IWS system prevents runoff and pollutants from reaching Miller or Des Moines Creeks, and

the critical habitat located near their mouths at Puget Sound. The IWS consists of collection piping,

two primary storage lagoons (Lagoons 1 and 2), a third lagoon for additional storage (Lagoon 3),
and an Industrial Wastewater Treatment Plant (IWTP).

The IWS lagoons detain industrial wastewater, settle solids, and equalize flows to the IWTP. The
IWTP treats water by (1) flash-mixing aluminum chloride into the inftuent water to flocculate

particulates and oils, (2) using dissolved air flotation to carry the floe to the surface, and (3)

employing a skimmer to remove the floated contaminants. A pipe then conveys treated water

approximately 2 miles to the Midway Sewer District effluent pipe which discharges directly into

Puget Sound via a 200-t-long diffuser located 1,800 fl offshore at a depth between 156 and 178 fl
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belowmean sealevel.The dischargeispermittedby thePort'sNPDES Pc_nh (Ecology1998b).
IWTP effluentismomtored continuouslyforflow;weekly forpH, TSS, and off/grease;and

monthlyforbiochemicaloxygendemand(BOD),glycols,andTPH.

Effluentwater qualitylimits,establishedin the Port'sN'PDES Permit,have been met since
Nov_nber 1996withone_¢c_tioninJuly2000" (Ecology1998c).

PollutantRemovalinlakeReba. LakeReba,a stomuwaterfacilityconstructedby thePortin1973,

collectsand detainsstormwaterfromthenorthend ofSTIA and dischargesittoMillerCreek.In

additiontostormwaterdetentionprovidedby livemorage(volumethatdrainsdrybctw_n storms),

LakeReba hasap_imanentpoolthatallowsthefacilitytoactasawetpond. Wetponds arewater

qualitytreatmentBIVIPsthatfunctionby settlingsolidsand by allowingphysical,chemical,and

biologicalmechanismsto captm'eand/ortransformdissolvedpollutants(Homer et at.1994).
Pollutantssuchasheavymetalsandnun'ientsthatadsorbtoparticulatesarer_novedaswell.

Snowmelt Facility.,.The Portusesa snowmdt facilityto more meltingsnow afterde-icing

chemicalshavebeenappliedtotherunwaysand taxiways.The facilitydrainstoa pump station

thatdiv_s meltwatertotheIWS. ThisBMP reducestheamountofBOD innmoffreachingMiller
andDes Momes Creeks.

AircraftAnti-lcingand De-lcingWithin]WS. Aircraftanti-icingand de-icingisperformedonly

withinareasdrainingtotheI'WSandconformstotheoperationalsourcecontrolBMPs forairports

asidentifiedby Ecology(1999b).ThisBMP minimizesglycolsinston'nwaternmoffto Millerand
Des MoinesCreeks.

EnhancementofWetlandWaterQualityFunctions.ExistingdegradedwetlandsintheMillerand

Des Momes Creek basinswillbe enhancedto restoretheirnaturalwater qualityfunctions

(Parametrix2000b)."As describedinMitschand Gosselink(1993),wmlands naturallybenefit
waterqualityby:

• Increasingsettlingandmechanicaltrappingofpaniculates

• Removing metalsandothertoxinsthatbindtoparticulates

• Reducingandbindingmetalsm humicmaterial

• Biologicalremoval/uptakeofnutrients

,7 A singleTSS excursionoccurred m Summer2000, dunng an atypicalevent. Under currentconditions, pumping
Lagoon3 completelyempty,woulddisturbsedimenton the bottomof theLagoon. Therefore,a smallamountof water
normallyis allowedto renmmm the bottom of theLagoon. To allow for Lagoon 3 expansionconsu'uction,it was
necessarytopumpand treatthiswater.Algaeconcentratedm thissmallamountof waterwas sufficientto causea TSS
excursion. This excursionts a result of one-nine operationalconditions. Furthermore,cleanmgand lining of the
Lagoonwilloccurm 2001,inhibitingfuturealgaegrow_.

,sNo naturalwetlandswillreceiveuntreatedstormwaterfromMasterPlanUpdateunprovements.
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Additionally, some restored wetlands will replace existing cultivated land and golf course that are
current pollution sources.

Miller Creek Buffer Enhancement. Riparian buffers along approximately 6,500 linear fl of Miller
Creek will be enhanced (Paramemx 2000b). Native trees, understory plants, and ground cover will
replace lawns, agriculturalareas, golf course, and other areas,which will remove pollutant sources
and restore buffer quality and commuity. As described in Committee on Protection and
Management of Pacific Northwest Anadromons Salmonids (CPMPNAS) (1996) and Forman and
Gordon (1986), enhanced buffers will:

• Increase biofiltration ofrunoffflowing into the stream from riparian areas

• Reduce erosion in riparian areas

• Shade the stream to reduce stream temperaturesand to increase DO

Miller Creek Stream Channel Restoration and Enhancement. Approximately 1,500 fl of the Miller
Creek channel will be restored and enhanced by revegetatmg eroding and hardened streambanks
andby installinglargewoody debris in the channel (Parametrix2000b). These restoration activities
will provide water quality benefits to Miller Creek by reducingchannel erosion and downstream
sedimentation.

Hydrologic Impacts and Mitigation

Master Plan Update improvements will increase impervious surface areas in the Miller and Des
Moines Creek watersheds. Stormwater detention facilities will prevent increases in peak flow rates
and erosive flow durations (Parametrix 2000c). The proposed, detention and treatment facilities
will manage nmoff from both newly developed project areasand existing airport areas. The net
result of flow controls for the Master Plan Update improvements will be to reduce peak flows and
erosive flow durations in Miller, Walker, and Des Moines Creeks downstream of the STIA
discharges. These actions will enhance hydrologic conditions in the streams and associated
estuaries and will prevent impacts to aquatic habitat.

Wetland Fill Impacts. The potential impacts to the hydrology of Miller, Des Moines, and Walker
Creeks from filling 18.37 acres of wetlands are the loss of stormwater storage, groundwater
recharge, and groundwater discharge. These functions are discussed below, and all wetland
hydrologic functions are accounted for in the HSPF model, which assesses runoff impacts by
various input parameters and calibration.

Stormwater Storage. Most wetlands filled by the project provide limited stormwater storage
because the wetlands do not occur in closed basins or basins with restricted outlets that would allow
water to pond during storms, and release water slowly following storms. Most wetlands occur on
moderate to gentle slopes and are flee-draining and they seldom, if ever, store water.

Flood Storage and Peak Flow Attenuation. The riparian wetlands located in the lO0-year
floodplain of Miller Creek provide flood storage functions. Approximately 8,455 cy of flood
storage would be filled at Vacca Farm, and approximately 9,589 cy of new floodplain will be
excavated adjacent to the stream. All flood storage, including that provided by wetlands, is
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accounted for in the calibration of the HSPF model: design of storrnwater detention facilities using
this model will ensure that flow miugation is provided to account for impacted wetlands.

Groundwater Discharge. Several wetlands are sites of groundwater discharge, and thereby

potentially provide base flow support to streams during all or portions of the ),ear. Where fill
occurs in these wetlands, the project has been designed to allow these discharge functions to
continue. For example, the third runway embankment is designed with an internal drainage system
that will collect water that currently infiltrates on the airfield and discharges in wetlands near 12m
Avenue South. The drainage system will also collect water that infiltrates into the new
embankment, and discharge it to wetlands and Miller Creek (see Section 4.3.2.4 and Appendices F
and G). Drainage systems associated with the retaining wall, which will be constructed to reduce
wetland impacts, will also convey groundwater downslope to wetlands and the stream.
Groundwater discharge effects on base flow are accounted for in the calibration of the HSPF model.

Groundwmer Recharge. Most wetlands affected by fill are unlikely to have significant
groundwater recharge functions because they occur on till soils, where layers of low-permeability
till resmct groundwater recharge. The low permeability of till soils results in poor drainage
conditions, which in combination with topography and surface drainage features, promotes the
development of wetlands. Other wetlands occur in areas of known groundwater discharge (i.e.,
wetlands formed by local groundwater discharges) and thus cannot re,charge groundwater.
However, the HSPF model is based on the premise that all wetlands infiltrate; thus the model
conservatively accounts for potential impacts to groundwaler recharge as a result of filling these
wetlands. Overall, development of impervious surfaces from Master Plan Update improvements
could reduce groundwater recharge and eventual groundwater discharge to streams. These
functions are accounted for in the HSPF model, and mitigation for these effects is included in the
activities discussed in the NRMP (Parametrix 2000b) and the SMP (Parametrix 2000c).

Stormwater Peak Flow Mitigation. The Port will construct stormwater conveyance, detention,
and water quality treatment facilities to manage runoff from both newly developed project areas and
existing airport areas, as described below. Additional detail on the proposed stormwater controls is
provided in the Comprehensive Stormwater Management Plan for Seattle-Tacoma Internalional
Airport Master Plan Update Improvements (SNIP; Parametrix 2000c). The SMP describes

stormwater management for the STIA Master Plan Update improvements. The stormwater
management facilities will mitigate the impacts of new impervious surfaces in the Miller, Walker,

and Des Moines Creek basins, as required by current stormwater regulations and mitigation goals
identified during the environmental review process. The facilities will also mitigate stormwater
impacts from current development by reducing the magnitude and duration of existing peak flows.

Level 2 Stormwater Discharge Standards for New Master Plan Update Improvements and
Retrqfitting for Existing Airport Areas. To protect instream habitat, the Port has committed to

achieving Level 2 flow controls. The Level 2 flow control standard, as defined by the King County
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(I 998) Manual, requires matching or improving post-developed flow duration to pre-developed
flow durations ]9 for all flow magnitudes between 50 percent of the 2-year event and the full 50-
veal even[.

The Level 2 flow control standard analysis is more protective than the Level l standard and current

Ecology standards (Ecology 1992). As opposed to modeling peak flows for a single design event,
the Level 2 analysis requires that a conlinuous simulation of 50 years of rmnfall be modeled, and
that facilities be designed to control the duration of erosive flows as well as the peaks. Level 2 is
therefore more protective of sue,am morphology, habitat (such as sm_am substrate), and hydrologic

flow patterns.

The pre-developed condition for the Level 2 standard will be based on a targetflow regime. The
target flow regime assumes that the existing watershed land cover is 10 percent impervious (or less
if the existing impervious area is less than I0 p_mt impeTvious), 15 percent pervious "grass," and
75 percent pervious "forest. "n° By achieving targ_ flows based on a theoretical basin development
of I0 percent impervious (Miller and D_ Moines Cr_ks existing impervious areas are 23 percent
and 32 percent, respectively) Master Plan Update hnprovements storrnwater facilities will reduce
existing peak flows and durations, restore a more natural hydrologic regime, and stabilize stream
channels.

In the Des Moines Creek Basin, the target flow regime was deten'nined in a study by the University
of Washington (King County CIP Design Team 1999). The flow regime determined for Des
Moines Creek coincides with a targ_ flow regime that would occur with an effective watershed
impervious area of 10 percent. In studies of several Puget Sound streams, Booth and Jackson
(1997) identified an approximately 10 percent impervious area threshold above which stream
channel instability and habitat degradation occur.

Flow retrofitting in the watersheds will replicate a flow regime that would occur at a watershed
imperviousness of 10 percent or less. That is, even though the Miller and Des Moines Creek
watersheds have an existing impervious area of about 23 and 32 percent, respectively, the planned
facilities will reduce flows to a level con'esponding to approximately 10 percent impervious. :'.=

Estimated Detention Storage Requirements. Proposed stormwater detention facilities for the

Master Plan Update were designed based on the drainage area served by each facility, the detention

'_ Flow duration control refers to limiting the duration of geomorphically significant flows (i.e., those flows that initiate

bedload movemem) to baseline Lyre-Master Plan Update conditions).

,0 In areas where existing anpervious area is less than 10 percent, the difference between actual percent tmpervious and
the 10 percent threshold is assumed to be grass.

:t The HSPF model was calibrated with recorded streamflow data and analysis of basin land uses prior to SLmulauon

with Level 2 flog' controls. The calibrattun accounts for flows attributable to each land use. based on exisnng

condinons. Flows for other land uses (10 percent a'npervinus surfaces and conditions with Master Plan Update

anprovements) and Level 2 flow controls were then sanulated with the HSPF model (Paramemx 2000c).

:: This retrofit analysis applies to the basra upstream of the Miller Creek detention facility and the Des Momes RDF.
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standard, and potential for waterfowl am-action. Approximately 326 acre-i_ of n_' stormwater
d_tion storage will be needed to mitigate the impacts of increased stormwatcr runoff (Table 4-
11) associated with Master Plan Update improv_n_ts. The locations of new facilities are shown
in Figure 4-6 of the Preliminary Comprehensive Stormwater Management Plan for Seattle-Tacoma

International Airport Master Plan Update Improvements (Parametrix 2000c) (see Appendix A for a
reprint of this figure).

Pond and Vault Construetion and Operation. The feasibility of proposed stormwater ponds and
vaults is demonstrated by the recent construction of similar facilities at STIA, including the North
Employees' Parking Lot (NEPL) Vault in 1997 and the Interconnecting Taxiways Vault in 1998.
The SASA detention pond will displace a 0.06-acre shrub wetland, and Pond D will eliminate
Wetland 41. All other on-site detention facilities will be consmacted in non-wetland areas. The

relation of storrnwater facilities to downslope wetlands and groundwater tables is evaluated in
Section 4.3.2.10.

The primary discharge from the detention facilities will surface discharge and infiltration.
Detention facilities will consist of dry ponds with live storage _ and will not include wet ponds with
de_l stora_.

Low Streamflow Impacts. The effect of the Master Plan Update improvements on low flows in
nearby streams and groundwater discharges to downslope and riparian wetlands are discussed in
Section 4.3.2.4.

Net Result of Hydrologic Mitirtion. The net result of flow controls for the Master Plan Update
improvements will be to reduce flows in Miller, Walker, and Des Moines Creeks to a stable flow

regime downstream of STIA discharges. Level 2 facilities will retrofit existing flows to the target
watershed flow regime before new development in considered. The net effect of flow controls for
Miller, Walker, and Des Moines Creeks ('Figures 4-7, 4-8, and 4-9) will be to maintain flows below
existing conditions or the target watershed flow regimes following Master Plan construction and
flow mitigation, whichever is less. The target flow regime will reduce flows in the stream
channels, thereby reducing erosion and improving eharmel stability.

4.3.2.6 Floodplain Impacts

Filling of wetlands within 100-year floodplains is limited to those in the Vacea Farm area. On-site

floodplain mitigation is incorporated into restoration at the Vaeca farm site (Parametrix 2000b) to
replace this impacted function (see "Hydrologic Impacts and Mitigation" in Section 4.3.2.5. The

mitigation consists of regrading upland areas to match elevations of filled floodplain and restoring
the area with native wetland vegetation.

,.5 Live storage is that volume of stormwater stored in a detemion facility that drams following the storm. Live storage
is used for hydrologic benefit to reduce flow peaks and dttrations.
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Table 4-11. Summary. of requ/red detention facili D"volumes.

Hydrologic Volume Required
Water_h_l Evaluation Point (acre-R) Type of FaciliD'* Comments

Miller Creek NEPL 13.9b Vault In addiuon to exasung 4 ac-fl

CARGO 4.5 Vault

SDN2x + 14.9 Vault
SDN4x

SDN3/3x 25.6 Vault

SDN 1 5.6 Vault

Pond: 14.8 /
SDN3A Vault: 7.0 Pond/Vault

Pond: 25.5 / Pond/Vault Infilcrauon used
SDWIA Vault: 7.4

SDW 1B 38.3 Pond Infiltration used

Total Miller Creek 157.5

Total Walker
SDW2 7.2 Pond

Creek

Des Moines Creek SASA Detennon 33.4 c Pond

Facility

Interconnecting 5.5 Vault
ta.vaway(SDS3A)

Third Runway 21.6 Vault
South (SDS7 and 6)

SDS3 88.3 Vault

SDS4 12.9 Vault

Total 161.7
Des Moines Creek

TOTAL 326.4

a Typesoffacilmes: Vault - enclosure wRh multiple orifice outlets on vemcal riser with overflow spillway;
Pond - open earthconstraction with nemng or other means to provide wildlife deterrent.

b Volume needed to retrofit exisung facility.
c Retrofit STIA areaonly.
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4.3.2.7 Hydrologic Impacts of Retaining Walls

The Port has taken a number of important steps to avoid risk of instability, or other adverse impacts

from the mechanically stabilized earth (/VISE) walls. These include:

• Completion of detailed explorations arid in-situ tests to thoroughly and completely identi_'
conditions in the subgrade soils that will support the MSE walls

. Replacement or improvement ofsubgrade soils to _pport the MSE walls

• Development of construction quality control specifications by specialists in MSE wall
technology, and who have successfully completed more than l 0 MSE walls exceeding 90 fl
in height

• Use of select soil materials for construction to provide adequate drainage behind and below
the walls

The design and gentechnical evaluations of" the MSE stabilized earth wall are explained in
Georechnical Engineering Report-404 Permit Support-Third Runway Embankment HartCrowser
1999, Appendix B). Additional geotechnical evaluation of subgrade conditions and the structural
foundation of the MSE wall is provided in Proposed MSE Wall Subgrade Improvements-Seattleo

Tacoma International Airport (Hart Crowser 2000; Appendix E), where the components of the
MSE wall foundation and subgrade soil improvements are described.

A potential indirect impact to downslope wetland hydrology could occur if the MSE wall and its
subgrad¢ improvements significantly altered the movement of ground or surface water to wetlands.
The design of MSE walls prevent impacts to groundwater movement and downslope wetlands, as
explained below:

• Removal�replacement of unsuitable subgrade soils- Where subsoils are unsuitable for wall

construction they will be removed and backfilled with relatively free draining structural fill.
The permeability of this fill will be greater than the existing surficial soils it replaces, and
will readily transmit groundwater. While the new subgrade materials are capable of
transmitting groundwater at relatively high rates, the overall flow of water through the soils
beneath the embankment will remain similar to existing rates. The reason flow rates will

remain similar is because of the limited spatial area where unsuitable soils will be replaced
and because the hydraulic conductivity of the existing subsoils will continue to control
groundwater flow.

• Stone columns- Stone columns (Appendices B and E) would be used as subgrade
improvements in some locations. Stone columns would be constructed of coarse gravel, of
greater permeability than the existing silt and clay soils that they are placed in. Because of
their penileability and because they will occupy only about 17 percent of the soil volume,
they will not impede groundwater movement.

• Concrete bearing pad. The bottom of the MSE wall will rest on a 6-inch high concrete pad.
This structure will not impede groundwater flow because if its small height relative to the
thickness of the aquifer or perched water zones.
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• Concrete faang panels- The MSE wall will be faced with concrete panels that are spaced
with a 3/;,inch gap around their perimeter. This gap allows the MSE reinforced zone to
drain through the facing, and prevents water from accumulating behind the panels.

• Reinforced zone- The reinforced zone itself consists of free draining backfill reinforced _5th
steel strips (about I/, inch thick x 4 inches wide) that extend laterally into the backfill. The
reinforcing will not impede groundwater movement because of the small area occupied by
the strips relative to aquifer conditions and the high permeability of the soils in the
reinforced zone.

4.3.2.8 Runway Safety Areas and Relocation of South 154 = Street

Six wetlands (Wetlands 3, 4, 5, 6, 7, and 10) are near the north end of the existing airport rtmways.
The relocation of South 154 = Street to accommodate the RSAs will decrease the amount of wetland

buffer, which could result in increased disturbance from traffic noise for wildlife using these
wetlands. This impact is not expected to be significant beeanse wildlife species in these wetlands
are tolerant of high levels of noise from aircraft and automobile traffic on SR 518.

Other impacts could occur from changes to wetland hydrology as a result of construction near the
wetlands. The retaining wall used to minimize wetland fill will include an internal drainage system
that will allow groundwater to continue to enter the wetland. Stormwater runoff (water quality and
quantity) conditions will be improved because the new roadway will include stormwater detention
and water quality treatment, which it does not currently have.

4.3.2.9 Third Runway: North End

Wetlands 8, 9, and A1 are near the north of the new third runway. These wetlands will be subjected
to greater amounts of aircraft noise, which may increase disturbance of wildlife.

The relocation of South 154= Street to accommodate the new runway embankment will decrease
the amount of wetland buffer, which could result in increased disturbance to wildlife using these
wetlands. This impact is not expected to be significant because wildlife species in these wetlands
are tolerant of high levels of noise from aircrat_ and automobile traffic on SR 518.

Wildlife species occurring in these wetlands are similar to wildlife in Wetlands 3 through 7, which
are beneath the flight paths of the existing runway, suggesting that wildlife use may not change
significantly.

Changes to wetland hydrology could occur as a result of construction near the wetlands. However,
the runway embankment design (Appendix B) will allow groundwater to continue to enter the

wetlands. Stormwater runoff (water quality and quantity) conditions will be improved because the
new facilities will include detention and water quality treatment in eonwast to existing streets that
they replace. In the event of an airfield fuel spill, design of the embankment provides an
opportunity to mobilize source control and to remediate contaminated soils before the contaminants
reach the stream or wetlands.
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4.3.2.10 Third Runway South of South 154 = Street

Several isolated Category. lII wetlands (Wetlands A5, A6, and A$ throum'a A13) and three Categor 3"
II wetlands (Wetlands 18, 37, and 44) occurbetween Miller Creek and the edge of the new third

runway. These wetlands may be subject to indirect impacts from the operation of the project.

The SeaTac Runway. Fill Hydrologic Studies Report (Ecology 2000) identifies the potential of 1.68
acres of secondary, indirect hydrologic impacts from the embankment (especially to the Wetland 18
and Wetland 36 complex). Further analysis of this potential impact is the subject of Section 3.2 and
3.6 of the hydrologic report. The analysis concludes (pages 7, 51, 52, and 60) that seepage into the
embankment and delay in water movement through the embankment would not result in the loss of

these downslope wetlands. Water will infiltrate into the embankment and eventually discharge to
the downslope wetlands. The report identifies that some potential net benefit to wetland hydrology
during the summer months is possible due to the delay in discharge.

Impacts to riparian Wetland R1 will occur as a result of the 154=/156 = Street bridge crossings
(Figure 4-10). Following consmaction, the small area of remaining wetland will continue to receive
hydrology from Miller Creek, and thus the area will remain jurisdictional..The wetland will retain
existing functions because, despite the loss of adjacent riparian wetland, remaining portions will be
restored and incorporated into the buffer enhancement for the Miller Creek relocation mitigation at
Vaeca Farm. This action will remove lawn and nearby houses, and restore native plants to the
wetland and adjacent area, and ensure that the riparian and habitat functions provided by the
wetland remain.

Impacts to riparian wetlands along the bank of Miller Creek will be beneficial (Ecology 2000).
These wetlands will retain wetland hydrology from their association with Miller Creek and

groundwater moving downslope. As discussed above, the embankment will not prevent
groundwater from continuing to move downslope to support wetlands.

Impacts from humans and domestic animals will be eliminated from the overall area, which may
improve the riparian area for wildlife. The sparse vehicular traffic on the safety and perimeter roads
will be over 50 ft from the wetlands and thus will not adversely affect wildlife. No increased level

of disturbance to wildlife is expected in Wetlands R1 and R2 at the new 156_hStreet bridge crossing
since this new bridge will simply replace an existing bridge.

The mitigation plan shows the replacement drainage channel lengths necessary to mitigate impacts
to non-wetland Waters of the U.S. and ehannelized flow that occurs in Wetland 37 Oaarametrix

2000b). These channels would be used to distribute water to downslope wetlands. As reported in
the hydrologic study, adequate water should be available to support downstream wetlands. As a

contingency, if additional groundwater flow is desirable to enhance wetland hydrology, the
channels could be lengthened at the north or south ends to capture additional water emanating from
the embankment and to convey it to the wetlands. This would be accomplished in the upland areas
immediately west of the embankment, to the north of 160= Street, and/or to the south of 166 = Place.
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4.3.2.11 Wetlands in the Walker Creek Watershed

Impacts to Wetlands 43 and 44 are discussed in the Analysis Of Indirect Impacts to Wetlands from
the Temporary SR 509 Interchange- Seattle-Tacoma International Airport (Parametrix 2000d).
Additional pertinent analysis is presented in Ecology (2000), which demonstrates that the fill
embankment design will not interrupt the water source to wetlands downslope of the embankment.

Wetland 44

Fill to construct the embankment will be placed in about 0.26 acres of wetland 44, eliminating

degraded forest and shrub wetland habitat. There are no perennial "headwater seeps" that provide
significant base flow to Walker Creek in the area where the embankment fill impacts Wetland 44.

Fill for the runway embankment will not be placed in any perennial "headwater seep" that provides
significant base flow to Walker Creek. One of the most significant perennial sources of water to
the Walker Creek base flow is from the consm_cted drainage system beneath SR 509 near 176*_
Street, which enters Wetland 43 on the west side of SR 509. Based on flow volume, the outlet of

this drainage system may be construed to be the headwaters of Walker Creek, and it will not be
affected by the project.

Temporary. SR 509 Interchange Design

The temporary SR 509 interchange has been redesigned to avoid direct impacts to Wetland 44 and
43 (see Appendix H).

Negative impacts to wildlife in the wetlands could occur from increased aircraft noise. This
potential impact would be offset by elimination of humans and domestic animals from the overall

area, which will improve the wetlands for wildlife. The sparse vehicular traffic on the safety and
perimeter roads will not adversely affect wildlife.

Potential impacts to water quality in the wetlands would not occur. Any stormwater entering the
wetlands will be treated using water quantity and water quality BMPs. Since the existing area lacks
water quality and quantity treamaent BMPs, a net improvement may occur.

4.3.2.12 New Stormwater Detention Facilities

Construction of new stormwater mitigation ponds and vaults in upland locations could result in

indirect impacts to wetlands located downslope of them if excavation of these facilities intercepted
significant amounts of groundwater that was required to support downslope wetlands. Stormwater

vaults excavated in upland areas would not result in indirect impacts to wetlands even if they were
excavated into a groundwater table because these sealed vaults could not collect groundwater and

reduce its flow to wetlands. Stormwater detention ponds and vaults required to mitigate potential
stormwater impacts (Figure 4-11) are evaluated in this section for potential impacts to downslope
wetland hydrology. Plans and cross sections for new stormwater ponds are presented in AppendixI.
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Potential infiltration of groundwater near stormwater management facilities could potentially

extend the period downslope wetlands receive wetland hydrology. This increased soil saturation
could create new wetlands by increasing the area of soil saturation, resulting in beneficial increases

in wetland functions and area. Within existing wetlands, increasing the period of soil saturation

into late spring and early summer could be beneficial to wetland vegetation and functions. These
potential impacts are discussed below.

Pond C

Pond C is a 14.8 acre-fl detention facility located south of the relocated South 156= Street. The

pond is located about 100 fl east of Miller Creek. It is about 60 and I00 fl east of riparian Wetlands
R1 and R2, respectively.

The facility will be excavated to an elevation of about 268 ft. At this elevation, the base of the

pond, will be 0-8 feet above the elevation of wetlands RI and R2. Excavation of a temporary, at
this location has intercepted some perched groundwater, which now discharges to existing
stormwater drainage systems near wetland RI. Monitoring of wetlands RI and R2 will be

performed to verify that wetland hydrology remains in these areas following pond construction and
relocation of South 156= Street. Based on the location of these wetlands next to Miller Creek, their

elevation relative to the pond excavation, and the potential for infiltration to supplement

groundwater, wetland hydrology is expected to remain in these wetlands, and be sufficient to

support native shrub and forest wetland vegetation.

Infiltration south of this pond (Appendix J) may be feasible, and if implemented, could augment the

hydrology to Wetlands R2 and R4.

Pond G

Pond G is a 25.5 acre-fl detention facility to be located north of South 160= Street. The pond is
located about 60 fl east of Miller Creek. It is about 50 fl from riparianWetlands R5 and R6. The

facility will be excavated to about 251 fl, with the base of the pond about 2 feet higher than the
elevation of Wetland R6. The base of the pond would be about 4 feet below the small portions of
Wetland RS.

Excavation of the pond is above the elevation of measured groundwater tables, and thus, hydrologic
impacts to nearby wetlands are not anticipated. Infiltration north of this pond (Appendix J) may be
feasible, and if implemented, could augment the hydrology to Wetland R4. Since the pond is not
lined, some infiltration may occur through the bottom that could augment groundwater flow to
Wetlands R5 and g6.

Pond D

Pond D is a 38.3 acre-fl detention facility to be located near South 170 = Street. The pond is located
about 700 fl southeast of Miller Creek. It is about 50 feet from Wetland 39. Construction of the

pond, embankment, and security road will eliminate all of Wetland 41 (see Section 4.1).
Excavation of the facility will be to about 340 feet elevation. This elevation is about l 0 feet below
the uppermost portion of Wetland 39. Given the close proximity of the wetland to the detention
pond excavation, about 0.06 acres of wetland above elevation 340 fl could be impacted.
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To mitigate this potential impact, a discharge orifice from the pond is designed to discharge from
the pond to near Wetland 39. This 3.S-inch orifice will discharge at elevation 347.2 Ik and reduce
potential dewatenng to 0.02 acres of wetland (that portion of the wetland above 347 feet).

Hydrology in Wetland 39 will be monitored to determine if this potential impact occurs. This
portion of the wetland is dominated by red alder and Himalayan blackberry, plant capable of
growing on upland soils. It is unlikely that if indirect impacts occur to 0.02 acres of this wetland.
the vegetation and habitat functions of the wetland will be altered, but if plant dieback is observed,
affected areas will be replanted.

Excavation of the pond is about 55 fl above measur_ groundwater tables, and thus, hydrologic

impacts to nearby wetlands are not anticipated. Infiltration north of this pond (Apperldix J) may be
feasible, and if implernent_:[, could augment the hydrology to Wetlands KlO and A11. Since the

pond is not lined, some infiltration may occur through the bottom that could augment groundwater
flow to these wetlands as well as Wetland 39.

Fill of Wetland 41 for stormwater facilities could reduce water available to Wetland 39. To

mitigate this potential impact, the drainage channel located at the base of the embankment and
security road will have a discharge point to Wetland 39. This channel will collect water that
infiltrates into the embankment through the underdram (Appendices B, F, and G, Ecology 2000)
and direct it to the wetland.

Pond F

Pond F provides 10.3 acre-fl of storage and is located in the Walker Creek subbasin, near South
173_ Street. There are no wetlands near this facility (Wetland 44 is located about 250 fl to the
southwest, at elevation 280 feet). The excavation of the facility to an elevation of 342 fl is about 82

feet above the groundwater table of 260 ft. Thus, the pond will not intercept groundwater, and alter
groundwater movement.

SASA Detention Pond

The SASA pond will provide 33.4 acre-fl of storage to the Des Moines Creek basin. It is located

near South 188 e'Street and 24_ Avenue South. Construction of the facility will eliminate Wetlands

E2 and E3 (0.I acres). Following construction, no wetlands will be downslope of this facility.

4.3.2.13 Staging Areas

Staging will not occur in wetlands. Potential indirect impacts from construction staging areas,
including temporary, staging areas at the SASA site (see Figure 4-I l) and temporary offices near
Stormwater Pond D and 170m Street So_th (see Figure 4-II), would not occur due to erosion

control and stormwater treatment facilities. Staging is a temporary land use that would be removed
following project construction.
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4.3.2.14 Borrow Area 1

Five wetlands in Borrow Area 1 (Wetlands 32, 48, BI, B4, and B15) will be avoided; all remaining

wetlands will be permanently impacted by excavation. The upslope watersheds of Wetlands B I
and 32 will not be affected by borrow site development, and setbacks around the wetlands will

maintain the sea,hal perched water regime. No long-term impacts are expected for Wetlands B 1
and 32. The excavation boundaries for Borrow Area 1 are designed to avoid hydrolo_c impacts to

Wetlands B15 and 48. To preserve the surface watershed-supplied runoff and interflow to these
wetlands, no excavation will occur west of 20th Avenue South.

Wetland hydrology, in Wetland B15 appears to be maintained primarily by direct precipitation. Its
location above a relatively thick (>20 fi) layer of dense, low-permeability till soils likely
encourages the shallow ponding and storage of water within the wetland. The water supply to the
wetland appears to be supplemented by overland flow and shallow interflow from a small
watershed area to the southeast. The eastern extent of this watershed is limited by 20 = Avenue

South, which is elevated slightly relative to the surrounding land, and which currently includes a
drainage ditch and storm drains with catch basins along its eastern side. These features prevent
surface runoff from the east to cross the street and flow to the wetland. Preservation of the small

watershed for these wetlands (west to and including 20= Avenue South) will therefore maintain
these hydrologic sources.

Wetland 48 occurs above a similar thick section of till soils in a shallow surface depression.

Wetland hydrology is likely maintained by direct precipitation onto the wetland, and supplemented
by overland flow and shallow near-surface interflow. The watershed for this wetland also extends

eastward toward 20= Avenue South, where the elevation and drainage features of the street from its
eastern edge.

Portions of Wetland 48 and B15a that are not excavated as part of Borrow Area 1 will be
maintained by surface water directed to them by the finished grades established at the end of the

project. Wetland hydrology in these areas appears to be maintained by seasonal groundwater that
perches on till soils. The existing stormwater drainage system in the streets found in the borrow

area collects surface runoff and directs it away from these wetlands. Demolition of this drainage
system may establish a more natural flow pattern to the site and extend the hydroperiod of the
wetlands.

Wetland B4 is an incised channel and slope wetland that has eroded as a result of a constructed

stormwater drainage system. Removal of the drainage system will reduce peak flows to the
wetland, while precipitation and groundwater will continue to support the wetland. For this reason,
detrimental indirect impacts are not likely. Habitat functions are not affected due to the wetland's
location in the Des Moines Creek buffer.

Wetland B12 could experience some change in hydrology in the east end of the wetland as a result

of excavation. Downslope portions would continue to receive precipitation and groundwater to
maintain wetland conditions. The presence of forested riparian habitat as part of buffer to Des
Moines Creek would maintain habitat functions in the remaining wetland.
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4.3.2.15 Borrow Area 3

All wetlands in Borrow Axea 3 will be avoided and a 50-fl buffer will be maintained. Wetland

hydrology will be maintained by preserving conditions in the watershed basin upgradient and
immediately surrounding each wetland (Appendix C). Groundwater analyses indicate that
groundwater movement is from northwest to southeast; the areas west and northwest of the
wetlands will remain undisturbed.

Potential wetland impacts at Borrow Area 3 have been evaluated to deteimine potential impacts to
wetland in Borrow Area 3 (Appendices C and D). This study found that potential losses in
hydrology to wetlands avoided in Borrow Area 3 are minimal (0 to 20 percent). However,
collecting and directing water that drains to the Borrow Area to the adjacent wetlands could

mitigate any such impacts. This contingency would prevent indirect impacts to the hydrology.
supporting Wetlands B5, B6, B7, B9a & b, B 10, and 29.

The hydrology of downslope wetlands will be monitored by the Port to verify that these
contingency measures prevent indirect hydrological impacts to downslope wetlands, as explained in
the Natural Resource Mitigation Plan (Parametrix 2000b). Wetlands adjacent to Borrow Area 3
will meet a performance standard of having saturated soils present during the December through

April period. For Wetland 30, the performance standard shall be standing water present during the
resident amphibian-breeding season (i.e., December through May during years of average rainfall).

4.3.2.16 Borrow Area 4

Borrow Area 4 is located about 400 ft south of Wetland 28. Wetland 28 is maintained by several
water sources, including groundwater that emanates fi'om beneath the existing airfield, nmoff from
wetlands located east of it, and runoff from the surrounding impervious area. Some water
infiltrating into Borrow Area 4 may also reach the south and southeastern portion of this wetland.

Unlike Borrow Area 3, excavation in Borrow Area 4 will not reach the groundwater table, and thus
would not be expected to alter groundwater flow or availability for Wetland 28, and no indirect
impacts are likely.

Portions of Wetland 28 will be enhanced by mitigation planned at the Tyee Valley Golf Course,
where existing golf course green will be converted to shrub-dominated wetland. Master Plan

Update improvements occurring near Wetland 28 are limited to portions of the third runway, which
could, without mitigation, generate hydrologic and water quality impacts. The stormwater report
addresses detention facilities and water quality BMPs that will minimize these impacts to the
wetland and downstream Des Moines Creek. Excavation of Borrow Area 4, located south of

Wetland 28, will not intercept groundwater flowing to the wetland or Des Moines Creek, and is
thus unlikely to impact wetland hydrology.

4.3.2.17 South Aviation Support Area

In the SASA area, indirect impacts to Wetland G5 have been considered, and the wetland will

likely be eliminated by the project. The full 0.87 acre is included in the area of permanent impact
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acres listed in Table 3-I. The wetland was assumed to be fully impacted because it may be

maintained by stormwater runoff and interflow generated by the golf course, which will be
convened to impervious surface.

The east branch of Des Moines Creek and perennial groundwater seeps support Wetland 52 in the
SASA area. Wetland 52 will receive permanent impacts from an aircraft bridge that bill span and

shade portions of the wetland. Non-impacted portions of this wetland are expected to remain
because the SASA project would not eliminate water sources for the stream or wetland.

The SASA will be designed to avoid significant impacts to Wetland 52 by avoiding much of the

wetland and providing a 75-fl buffer. This wetland will be subjected to greater amounts of aircraft
noise, which may increase disturbance of wildlife. This impact is not expected to be significant

because wildlife species in these wetlands are tolerant of noise from aircraft.

Long-term stormwater runoff (water quality and quantity) conditions will be improved because the
SASA facility will be built with water quantity and quality treatment BMPs that would replace golf

course and parking areas that currently lack stormwater management facilities.

4.3.2.18 Other Areas

Impacts to riparian Wetland RI will occur as a result of the 154=/156 _' Street bridge crossings.
Following construction, the areas of remaining wetland will continue to receive hydrology fTom
Miller Creek and groundwater sources. They will continue to support existing hydric soil and
wetland vegetation, and thus the areas will remain jurisdictional. The wetland will retain existing
fimctions because, despite the loss of adjacent riparian wetland, remaining portions will be restored
and incorporated into the 100-fl-wide buffer enhancement for the Miller Creek mitigation. This
mitigation will include removing lawn and nearby houses, and restoring native plants to the wetland
and adjacent area. These actions will ensure that riparian and habitat functions provided by these
wetlands will continue to be provided.

Industrial Waste Treatment System

The Industrial Waste System expansion is not a Master Plan Update improvement, and is not
included in the permit application. The lining of Lagoon 3 is required as a condition of the Port's
NPDES permit and is intended to prevent potentially contaminated wastewater from infiltrating
into groundwater. The IWS project will not fill any wetlands. The project is located on existing
fill, near Wetland 28 (Appendix K). The project involves: (1) excavating and creating a berm to
increase the volume of IWS Lagoon 3 fi'om 29 to 76.5 million gallons, (2) cleaning the existing
Lagoon, and (3) lining the entire newly enlarged lagoon. Indirect impacts to nearby Wetland 28 are
minimized by the extensive TESC methods employed to prevent sedimentation and/or construction
water quality impacts to the wetland. In particular, most of the site is sloped to drain into the
excavation, and the slopes around the outside of the site are surrounded by a ditch/berrn system that
intercepts stormwater before it enters the wetland. All collected construction runoff in the

excavation and the perimeter ditch/berm system is conveyed to a stormwater treatment plant similar
to the systems used for the third runway embankment and other projects at STIA.
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Constructing a lined pond will create about 12.3 acres of area that will effectively act as impervious
surface. This is not expected to reduce discharge to Wetland 28 or to Des Moines Creek because
this is an area of groundwater discharge rather than infilu-ation (Kennedy Jenks 2000).

A new underdrain system beneath the lined treatment lagoons will allow groundwater beneath the

lagoon to dram to Wetland 28. Thus, the liner and underdrain system will actually allow more
water to reach Wetland 28 and Des Moines Creek because rainwater and upwelling groundwater

that currently reaches unlined Lagoon 3 is pumped to the IWTP and discharged outside the Des
Moines Creek basin. Furthermore, this may have a potential water quality benefit in that it will

prevent intermingling of untreated industrial wastewater with groundwater. All water contained
within the lagoon will be treated in the IWTP and discharged to Puget Sound or the King County
Treatment Plant, and therefore will not affect peak flows in Des Moines Creek.

Surface runoff and seepage from the consu'ucted embankment maintain wetland hydrology for the

wetlands adjacent to Lagoon 3. Surface runoff will be unchanged. Lost seepage from the small

pond area (small relative to the area providing groundwater hydrology to the wetland) is unlikely to
adversely affect the adjacent wetlands.

Off-Site Mitigation

Dewatenng activities on the Auburn site are not likely to affect existing wetlands located on the site
or near the site. Dewatering of the site is expected to occm" from May through September, over one
or two seasons. The purpose of dewatering is to increase the rate at which the water table falls

during the May to September period. In May, at the time dewatering starts, the water level in the
wetlands is typically about 24 inches below the ground surface, and by late May it is as much as 36
inches below the surface. Water levels in these wetlands drop to 7 to 8 fl below the ground surface

during the summer months, and by late fall, they are at or near the surface. Because the timing of
dewatering occurs after water levels in the wetlands have already dropped below the majority of the
root zone, wetland vegetation or hydrology will not be impacted. Dewatering will not lower the
water level below the elevation it normally reaches by late summer, and thus the period of time for
the water level to rise during the fall will not change.

4.3.2.19 Summary.

The above analyses of potential permanent indirect impacts to wetland located near or downslope
of Master Plan Update Improvement projects considers how a variety of project activities and
alterations could indirectly affect wetlands and wetland functions. The analyses conclude that up to
about 2.4 acres of wetland could be subject to indirect impacts such that wetlands or wetland

functions could be lost. This area is thus includes as a permanent impact of the Master Plan Update
improvements on wetlands, and is fully mitigated at a 3:1 mitigation ratio ('Parametrix 2000b).

As discussed above, hydrologic analyses demonstrate that the significant wetlands located
downslope of the embankment will not be eliminated or experience significant reductions in
groundwater sources fi'om embankment construction.. The permanent replacement channels
designed to convey water from the embankment to these downslope wetlands help assure that they
will continue to provide hydrologic and biological functions to Miller Creek.. The planned Miller
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Creek wetland and buffer mitigation (Parametrix 2000b) will enhance many of these de m'aded
wetlands, and lift the ecological function of the area above the existing baseline conditions.

4.4 CUMULATIVE IMPACTS

Additional impacts to wetlands could occur as a result of other projects planned by project

proponents in the vicinity of STIA. These projects include projects sponsored by other agencies
(the proposed SR 509 and South Access Road (WashingtonState Department of Transportation
1999), the Link light rail project (Regional Transit Authority 1998), the Des Moines re_onal
detention facility (R.DF) (Des Moines Creek Basin Planning Committee 1999) and development

planning undertaken by the City of ScaTac). In addition, STIA is planning and implementing
development non-Master Plan Update projects at STIA, including electrical substation up m'ades,
South T=n-tinal Expansion, Satellite Transit System upgrades, upgrade and expansion of the IWS

lagoon #3, Air Cargo Development Plans, Aircraft Hydrant Fueling System, and the Part 150 Noise
Compatibility Plan.

4.4.1 Projects Sponsored by Other Agencies

4.4.1.1 SR 509 / South Access

Projectsintheairportvicinitysponsoredby agenciesotherthanthePortof Seattleareatvarious

stagesofdesimaandimplementation.Theseprojectsarenotexpectedtocausesignificantadverse
cumulativeimpactsthat,when consideredinrelationtothepotentialimpactsof theMasterPlan

Updateprojects,would necessitatepreparationofanotherSEIS.

The WashingtonDepartmentofTransportationistheleadagencyfortheproposedextensionof
StateRoute509 southoftheAirport.The SR 509/SouthAccessRoad projectwould extendtheSR

509 freewaysouthfromSouth 188= Streettoa connectionwithInterstate5 and improverelated
localtrafficcirculationpatterns.SouthernaccesstotheAirportwould be providedby construction

of a new roadway, the South Access Road.

Five alternatives are currently under consideration for the location the SR 509 extension. The
preliminary preferred alternative is Alternative C2. Alternative C2 would cross the southern one-
third of the FAA extended object-free zone at the south end of Runway 16L/34R. The roadway
would continue to the southeast and encroach on the northeast comer of Des Moines Creek Park

and require the acquisition of approximately 8.1 ac_s of parkland. Continuing toward I-5, the SR
509 mainline would pass through an area of mobile homes and would join 1-5 at near the

intersection of SR99/South 208 = St. The length of the extension would be approximately 3.3 miles.
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In 1996, WSDOT published a draft environmental impact statement for the project. Between
Febru_. 2000 and August 2000, WSDOT released updated information on the project in a number
of Discipline Reports in the following _:

Geology and Soils

Water Quality

Hazardous Waste

Historical and Archeological Preservation

Relocation

Section 409--23 U.S.C § 138 evaluation re: use of land from public park.
recreation area, wildlife or waterfowl refuge, or historic site

Social

Visual Quality

Vegetation, Wildlife and Fisheries

Wetlands

The potential impacts in several of these areas are summarized below. Readers are referred to the

Discipline Reports for detailed discussion of these and other potential project-related impacts.

Wetlands: Impacts to wetlands and wetland buffers varies depending on the alternative

considered, and impacts could include alteration of existing wetland hydrology and water quality.
Thirty-five wetlands or buffer areas lie within the cut or fill lines of the five Build alternatives.

Based on the data available in April 2000, the predicted impacts are between 7.7 to 9.29 acres of

wetland impacts and 14.5 to 18.56 acres of buffer impacts. The predicted impacts are described in
more detail in the April 2000, Wetland Discipline Report (WDR) (WSDOT 2000a), pp. 57-65.
Mitigation measures are discussed at WDR, pp. 66-70. Wetland impacts will be avoided where

possible and reduced through design changes. Impacted wetlands will be rehabilitated or restored,
and wetlands will be replaced through agreement with local governments and regulatory agencies,
in compliance with the Clean Water Act and local regulations that protect wetlands and streams.
This wetland impact could require from 13.6 to over 21 acres of wetland mitigation.

Vegetation, Wildlife and Fisheries: No substantial impacts to vegetation or wildlife are
anticipated. The primary effects on habitat from road construction would be the removal of

vegetation and increased habitat fragmentation. Wider roads and new roads could create barriers to

wildlife movements. Noise could cause wildlife to seek new foraging or nesting areas. Excavated

streams would be restored and wildlife habitat would be mitigated in consultation with the FAA,
federal, state, and local agencies. Impacts to vegetation, wildlife, and fisheries vary between the
alternatives, and range from 113 acres to 170.8 acres of impacts to various categories of natural

habitat. March 2000 Vegetation, Wildlife and Fisheries Discipline Report (VWFDR) (WSDOT
2000c), pp.39-47 (discussing impacts) and pp. 48-50 (discussing mitigation measures).
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Water QualiD': Potential impacts to water quality could occur fromthe construction andoperation
of the highway (WSDOT 2000b). Construction activities would include clearing of vegetation.
demolishingexisungroadsandbuildings,regradingtheexistinggroundsurface,installingculverts
atsur.amcrossings,handlingcoma'actionmaterials,and olm'atingmachinery.Ifunmitigated,
these activities have the potential to disrupt surface water flows, increase surface runoff volumes,
cause erosion and sedimentation m receiving streams, and increase water temperature in streams.
In addition, a variety of foreign materials could enter surface water bodies including sediment, fuel.
lubricants, paving oils, construction debris, and uncured concrete.

Activities and events that could occur during operation of the highway, such as stormwater runoff,
accidental spills, sanding, de-icing, and vegetation control all have the potential to affect surface
water quality. Contaminant concentrations m stormwater coming from the roadway would most
likely not exceed Washington State Water Quality standards due to treatment by selected Best
Management Practices ("BMPs").

A number of measures can be taken to reduce the potential impacts on water quality, including
integration of a stormwater management system into the roadway design. Also, WSDOT's
Municipal NPDES permit will require mitigation of potential adverse effects from the long-term
operation of the road. This mitigation includes collection of stormwater, control of flow rate, and
water quality treatment in accordance with King County's 1998 Stormwater Management
Guidelines, WSDOT's 1995 Stormwater Management Guidelines and WSDOT's 1999 ESA
Stormwater Guidelines. To minimize accumulation of sediments in streams and wetlands,
WSDOT is currently considering the use of thirteen wet vaults, located along the roadway as
necessary to allow collected stormwater to be discharged at natural locations in the highway's
subbasins.

4.4.1.2 Central Link Light Rail Transit System

The cumulative impacts of the proposed light rail transit system were considered in the FSEIS, p. 5-
1-8. The Central Puget Sound Regional Transit Authority (1999) ("Sound Transit") is proposing
construction and operation of an approximately 25-mile electric light rail system known as the
Central Link Light Rail Transit Project, which will connect to the eastside of the airport. The
portion of the project near STIA is referred to as "Segment F" m the Central Link Light Rail
Transit Project, Final Environmental lmpact Statement, November 1999.

The preferred alternative for Segment F includes an elevated line along Tukwila International
Boulevard from 152= Street, continuing southwest to cross over SR 518, travel west of Washington
Memorial Park, and connect to the Airport's proposed North End Airport Terminal or Interrnodal
Center. The line would then continue elevated along the west side of International Boulevard, turn
southwest to cross 188= Street and continue elevated along the east side of 28= Avenue South to

South 200= Street. Three stations are proposed: North SeaTac, with a 260-, 454-, or 670-stall park-
and-fide, North Central SeaTac (at the Airport Intermodal Center), and South SeaTac. Central Link
Light Rail FEIS, p. S-5.

Potential environmental impacts in of the light rail project in the vicimty of the STIA (Segment F)
include the following:
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Four of the Project Alternatives would require 0.60 acre of tree removal along the eastern edge of
Washington Memorial Park and the loss of 0.12 acres of forested and palusmne emergent wetland
and 0.21 acres of wetland buffer. One alternative would affect Bow Lake (AR-44) through the loss
of less than 0.01 acres of scrub/shrub wetland and 0.06 acre of wetland buffer, loss of some riparian
vegetation that provides wildlife habitat and water quality functions, and incremental degradation
offish habitat from m-water piers and clearing of littoral vegetation.

There are a number of options under consideration for construction of the South ScaTac Station
(Options A-F). South SeaTac Station Option A would remove 5.0 acres and station options B and
C would remove 4.0 acres of trees and dense shrubs. South SeaTac Station options D, E, and F
would remove 0.60 acres of urban songbird habitat. No long-term impacts on wetlands or fish
habitat are expected under the other alternatives in Segment F. None of these alternatives is
expected to affect the bald eagle nesting territory at Angle Lake. No impacts on threatened and
endangered fish species are expected to result from any of the alternatives in this segment. Central
Link Light Rail FEIS. pp. 4-121, 4-125, 4-126.

Water Resources: The various Alternatives create up to 120,000 square feet of new impervious
surface from trackage, 18,000 square feet from road improvements, and 130,600 square feet at the
South 200= Street park-and-ride if the 950 proposed stalls are constructed. Increased impervious
surface associated with the proposed South 200= Street park-and-ride facility could impact local
drainage systems and water quality by increasing nmofl_ however, this project is not expected to
have significant impacts on the East Fork of Des Moines Creek, which lies downstream from the

project. Park-and-ride facilities at South 154= and South 160= are proposed at existing developed
sites with 100 percent impervious surface and would decrease the total amount of impervious
surface area within the Des Momes Creek watershed, although the amount of pollutant-generating
impervious surface would increase.

The Preferred Alternative would have stations at South 154= Street, the Intermodal Center or North
End Airport Terminal, and South 184= Street (possibly) and south of South 200= Street. The
stations at South 154= Street, the Intermodal Center/North End Airport Terminal, and South 184=
Street would decrease impervious surface. The proposed park-and-ride facility at South 200=
would add 130,600 square feet of impervious surface area if the proposed 630 stalls are constructed.
Trackage associated with this alternative would add an additional 80,000 square feet of new
impervious surface along International Boulevard South, and road widening would add 7,200
square feet of new impervious surface.

City of SeaTac regulations, which are based upon the King County Surface Water Design Manual
(1998), govern the area that would be impacted by all the alternatives in Segment F. Stormwater
detention and treatment and water quality treatment would be provided at the proposed park-and-
ride at International Blvd. and South 200= Street, and at 28= Avenue South and South 200= Street to
meet KCSWM Level 2 requirements. Water quality treatment would be provided at the South 154=
Street park-and-ride facilities. Central Link Light Rail FEIS, pp. 4-134 to 4-138.
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4.4.2 Regional Detention FaciliQ'

Construction of the Regional Detention Facility ("RDF") is recommended in the Des Moines Creek
Basin Plan, which was developed by the Des Moines Creek Basin Committee, a ,m-oup comprised

of the Port of Seattle, King County, and local jurisdictions. The Des Moines Creek Plan is intended
to improve stormwater nmoffmanagement in the Des Moines Creek basin.

The RDF is part of the recommendations of the Des Moines Creek Basin Plan, which was created

by the Des Moines Creek Basin Committee, a group comprised of the Port of Seattle, King County,
and local jurisdictions. The Des Moines Creek Plan is intended to improve stormwater runoff

management in the Des Moines Creek basin. During the Des Moines Creek watershed basin
planning process, King County chose to rely upon regional detention facilities to mitigate existing
and future development impacts.

The Des Moines RDF will be located at the head of the west branch of Des Moines Creek at the

Northwest Ponds and is anticipated to provide a total of 180 acre-ft of storage. The facility, would
mitigate impacts of stormwater runoff from all past and fuaa-v (beyond Level 1 of the King County
standards) development in the Des Moines Creek watershed. The facility would reduce existing
peak flood impacts in the Des Moines Creek basin. With construction of the RDF, peak flows in
Des Moines Creek downstream of the RDF should decrease by 25% to 65%.

The three alternatives for the design of the RDF facility are described in the November 1, 1999 Des

Moines Creek Regional Capital Improvement Projects Preliminary Design Report. On November
1, 1999, the Des Moines Creek Basin Committee also published an Addendum to the Des Moines

Creek Regional Capital Improvement Project Preliminary Design Report ("Addendum "). In the
Addendum, the Des Moines Creek Basin Committee selected the Alternative 2 design option, which
is described on page 16 of the Preliminary Design Report.

Wetland Impacts: The area proposed for the RDF, the Northwest Ponds, is part of a large wetland
system that includes the ponds themselves, portions of an existing golf course, and extensive areas

both northeast and southwest of the ponds. To accommodate additional water storage necessary for
stream protection, portions of the existing wetland will need to be modified. This modification

would include construction of one or two berms and regrading approximately 11 acres of wetland

area. Of this area, roughly five acres lies within the golf course and are dominated by turf grasses
while another two to three acres are dominated by invasive scrub-shrub species. Although the
modifications will disturb some existing plant communities, the disturbed areas will remain
wetlands, with the exception of the area filled for berms.

To effectively lower the water surface elevations of the ponds, the outlet channel (West Fork Des
Moines Creek) must also be lowered. This will require reconstruction of approximately 2,000
linear feet of existing channel and the removal of two artificial weirs within that reach. Restoration

and enhancement of the stream channel will include both in-stream and habitat features, such as

placement of large, woody debris and boulders, as well as buffer revegetation. As currently
proposed, there will be no permanent loss of stream function or length as a result of conveyance
improvements to the stream for operation of the facility. Preliminary Design Report, p. 54.

There are three proposed Alternatives for this project. Alternative 2 is the Preferred Alternative.
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Alternative I impounds the Northwest Ponds by constructing a berm at the existing outlet release
control. A second berm would be consmlcted at the Approach Light Road with flow release of
discharge in the range of 10-year to 25-year return interval flow rate. The South End Sea-Tac
storm drainage (existing concrete pipe) would be rerouted to the Northwest Ponds. The Flow

Bypass System would be connected to Northwest Ponds at the existing outlet.

Alternative 2 impounds the Northwest Ponds by constructing a bcrm at the existing outlet. A
second berm would be constructed at the Approach Light Road with a flow release control of
discharge in the range of l 0-year to 25-year remm interval flow rate. The existing culverts at South
200 = Street would be modified to perform flow rate control for 2S-year to 500-year return interval
flow rates. East Fork Des Moines Creek at the Tyee Pond would be diverted to Northwest Pond.
The South End Sca-Tac storm drainage (existing concrete pipe) would be r_routcd to the Northwest
Ponds, and the Flow Bypass Sv_cm would be connected to the existing outlet. Preliminan, Design
Report, p. 16.

The berm design for Alternative 2 could require filling up to l acre of wetland within the golf
course, del_endmg on the final b_'n design and location. Prelimina_ Design Report, p. 53. This
Alternative would also re_luire reconstruction of approximately 2,000 linear feet of existing channel
and the removal of two artificial weirs that are located within that reach. Restoration and

enhance_nent of the stream channel would include both instrearn habitat features, such as large
woody debris and boulders, as well as buffer revegetation. There would be no permanent loss of
stream function or length as a result of the stream conveyance improvements.

Alternative 3 would not require construction of a b_'m at the outlet. Instead, the outlet would be

excavated to provide an open conveyance from Northwest Ponds to hydraulic control at the
Approach Light Road. As with the other alternatives, a b_rn would be constructed at the Approach
Light Road with flow release control of discharge for the storm events up to the 100-year return
interval. The culverts at South 200 = Street would be modified to perform flow rate control for 100-
year to 500-year return interval flow rates. See Preliminary Design Report, p. 27.

Mitigation for wetland and stream impacts includes reducing water level fluctuations in adjacent
forested wetlands, creating 1.8 acres of new w_land, enhancement of 5 acres of wetland, and
improved aquatic habitat (due to reduced peak flow) in over 2 miles of Des Moines Creek. The

City of SeaTac hearing examiner (File No. CZO0-00001) found that the RDF project would result

in no net loss of wetland function and area, enhance the hydrologic functions of the affected stream,
and increase diversity in wetland plant species.

The Des Moines Basin Planning Committee identified a preferred alternative for the RDF in

November of 1999. This alternative proposes construction of a berm and hydrologic controls west
of the Port's proposed wetland mitigation site on the Tyee Valley Golf Course. The proposal also

includes channel reconstruction south of the Port's wetland mitigation. The Port's mitigation
project has been designed to avoid areas needed for construction of the RDF, including the western

edge of the mitigation project where the RDF berm is proposed, and the area along Des Moines
Creek where channel excavation, grade control, and riparian restoration are planned. Furthermore,
during construction of the RDF, the Port will protect the western and southern edges of the
mitigation site with ecology blocks to prevent construction machinery from impacting the
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mitigationsite.The PortwillalsoinstallorangebarrierfencingandTESC measuresduringan),
constructionadjacenttothemitigationsitetoensurethatanypotentialimpactsfromconstruction
areavoided.

ThePort'sproposedmitigationonTyecgolfcourseisover500R fromthepreferredalternativefor
SR 509. Themitigationisalsoover500i_fromthepreferredalternativefortheSouthAccess
Freeway.Inadditiontothissubstantialdistance,thedrainageconditionsadjacenttoeachproposed
roadwaywouldpreventconstructionrunofftoenterthemitigationarea.Constructionnoisefrom
machinerymorethan500ftawayislikelytobelessthannoisegencratcclfromaircraft,andisthus
unlikelytoaffectanywildlifeusingthemitigationsite.Therefore,theseprojectswouldnotaffect
thehydrologicorriparianfunctionsdesiredforthemitigationsite

TheFAA andUSDA WildlifeServicesstaffhaveevaluatedthemitigationproposedfortheTyec
ValleyGolfCourseforpotentialwildlifehazardstoaviation.Theseagencieshavedeterminedthat
themitigationresultsinadecreaseinwildlifeb_7_rdsneartheairfield.Highwayconstructionand
operationstypicallyreducedhabitatforanduseby wildlife,andthereforenew roadsnearthe
mitigationsitearcnotexpectedtoincreasewildlifeb_7_rds.New roadswillnotcreatenew habitat;
theyarcunlikelytosubstantiallyaffectbirdmovementsintheareaas mostbirdsof concern
habituatetovehicleandairtraffic.Overall,modificationofwaterfowlhabitatthroughthePort's
mitigationandtheproposedRDF, aswellasremovalofhabitatthroughconversionofundeveloped
landtoroadway,shouldreducewildlifehazardsonthegolfcourse.

ThcrcisnoconflictbetweentheSouthAccessFreewayandtheaccessbridgetoSASA. TheSASA
accessbridgewillbclocatedatairfieldelevation(approximately340 ft).The SouthAccessroad
willbelocatednearexistinggrades(280ft).Thus,theSouthAccessroadwillpassbeneaththe
SASA bridgeinanunderpass.

ThePort'sproposedwetlandmitigationislocatedoutsidetheproposedRDF facility,andwetland
hydrologyofthemitigationsitewouldnotbeaffectedbyoperationoftheRDF facility.The 100-
yearfloodplainofDes MoinesCreek(underexistingconditions)isentirelywithinthemitigation
site,andwithintheboundariesofWetland28(SecImplementationAddendum,AppendixC,Sheet
C3).WiththeRDF inoperation,the100-yearfloodelevationsinthemitigationsitewillbcslightly
lowerthanunderexistingconditions.Thus,increasedfloodingwould not impactwetland
vcgetation.Therelationofthemitigationtothe100-yearfloodplain,withandwithoutthcRDF is
summarizedbelow:
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With RDF Without RDF

100-year floodplain elevation 249.5 fl 250.5 fi

Area within 100-year floodplain 2.1 acres 3.1 acres

Regardless of whether the RDF is built or not, most of the area in the mitigation site is existing
wetland that is maintained by high groundwater and by precipitation during the winter months.
Observations made during wetland delineations found high groundwater in the wetland, with water
at or near the surface. This water apparently perches on a low permeability soil layer consisting of
diatomaceous earth and/or volcamc ash.

Site constraints preclude the installation of extensive buffers around the mitigation site. Within the
mitigation site itself, there are shrub buffers on the north side between the enhanced wetland edge
and the surrounding golf course. The mitigation site will be buffered to the west by the extensive
area of existing wetland (Wetland 28). On the south side, 100-fl buffers associated with Des
Moines Creek will be enhanced and the mitigation site will function ecologically as a part of this

important system. Wetland buffers cannot be enhanced east of the mitigation site because the land
east of the site is within designated safety areas and runway embankment. In these runway safety
areas, emergency and non-emergency access, flexibility to maintain or modify vegetation, and
flexibility to maintain or supplement navigation equipment or other airfield facilities must be
retained. However, airport operations described above will preclude high impact uses near the east
site of the mitigation site, thereby providing an effective land use buffer.

4.4.3 City. of SeaTae Development Planning

As a condition of the 1997 InterlocaJ Agreement between the Port of Seattle and the City of
SeaTac, both agencies have agreed to coordinate development in and around the airport. The
proposed Master Plan Update impmvemcnts arc consistentwith the City's comprehensive plan
adoptedpursuant to the state Growth Management Act.

While final designs for these projects arc not available, each of theseprojects may have direct or
indirect impacts to wetlands near the airport and without mitigation may result in some impact to
wetland area and ecological functions. SEPA, NEPA, and Section 404 review for these projects
will require evaluation of options that avoid and minimize impacts to wetlands and the aquatic
environment. For unavoidable impacts to wetlands, mitigation must be provided. Mitigation
provided by these projects for unavoidable wetland and stream impacts is likely to require
protection of water quality conditions in streams and wetlands, replacementof wetland functions
on-site, and restoration of aquatichabitat. Thus, significant cumulative impacts to wetlands are not
anticipated.

Westside Plan: In November 1997, the City published the City of SeaTac Comprehensive Plan
Amendments and Zoning Changes Final Supplemental Environmental lmpact Statement (SeaTac
1997). This document addresses zoning classifications and development alternatives for the

Westside Subarea and modifications to the City's Comp Plan to be consistent with the regional
Metropolitan Transportation Plan.
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The SeaTac Comp Plan�Zoning FSEIS found that there would be no simaifieant impact to water
resources. Water impacts would be limited to the possible mitigatable increases in stormwater
runoff in Miller Creek. King County, the City of SeaTac, and the Port have already coordinated
their efforts in the Des Moines and Miller Creek watersheds to control water quantity and enhance

water quality. Des Moines Creek would be unaffected by the proposed project actions.

City Center Plan: In November 1999, the City adopted the SeaTae City Center Plan as a Subarea

plan to SeaTac's comprehensive plan. The primary objectives of the City, Center Plan include
support for integrated development in the City Center area, creation of a central business district,
changes to land use designations, and location of a Sound Transit light rail station (SeaTac 1999).

The City and the Port of Seattle have also entered into a Joint Transportation Study that will include
development of multi-modal travel simulation models to test various combinations of regional
Airport and City-wide development and access alternatives.

The SeaTac City Plan FEIS did not identify any unavoidable impacts that at'feet the environmental

analysis provided for the Port's 404 application. For example, the SeaTac Cio' Plan FEIS did not
identify any additional wetland impacts, and water impacts were limited to additional stormwater
runoff that will be mitigated through compliance with applicable surface water design regulations,
stormwater filtration, and additional landscaping requirements. See SeaTac City Plan FEIS. pp. 1-7
to 1-13.

4.4.4 STIA Projects

The Port has a number of airport improvement projects at various stages of design and
implementation. These projects are not expected to cause significant adverse cumulative impacts

that, when considered in relation to the potential impacts of the Master Plan Update projects, would
necessitate preparation of another SEIS.

4.4.4.1 South SeaTac Electrical Substation Upgrade

This project expands the capacity of the existing South SeaTac Substation by constructing a new

substation next to the existing one and installing approximately 1.2 miles of 115kV high
transmission lines on segments of South 188_ Street and 28_ Avenue South. See SEPA

Determination of Non-Significance: POS SEPA File No. 99-02 0Vlareh 1, 1999).

Two shrub and forested wetlands are located 50 feet south and 50 feet east of the proposed
substation site. The wetlands south of the site contain both forested and emergent wetland habitats.
Groundwater seepage into the wetlands during the wet season maintains the area as a wetland. The
wetlands lack any distinct surface water inlet or outlet features. The wetlands are considered

Category IV using the WSDOE wetland rating system because of small size, recent disturbance,
and limited biological diversity. The wetlands are rated Class U under the City of SeaTac's

sensitive areas code. Substation SEPA Checklist, pp. 7-8. The proposed project wilt be designed
and constructed in accordance with City of SeaTac requirements for projects near wetlands. No
structures will be constructed within 65 feet of the wetlands, and measures to minimize erosion, and
off-site sediment transport will be implemented.
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4.4.4.2 South Terminal Expansion

Much of this project was analyzed under the Master Plan Update FEIS and FSEIS. Changes to the

proposal were discussed in the July 19, 1999 South Terminal Eapansion SEPA Checklist, Table 1,
pp. 3-11 and considered in a Mitigated Determination of Non-Siguificanee dated July 19, 1999.
The project will be constructed on a previously developed portion of airport property and is
expected to include the following elements: Concourse A Extension, Office Tower Building.
Supply Distribution Center on Concourse A, South Ground Transportation Lot, Public Transit
Curb, Gate B Outbound Baggage Facility, Concourse B Operations Office, relocation of Concourse
A tenants and South Satellite Office, Remain Overnight Aircraft Parking, apron paving, demolition

of existing Delta Airlines hanger and construction of a new Northwest Airlines hanger on the site,
Northwest Airlines flight kitchen, aircraft lavatory dump station replacement, arid construction
staging area. The project changes do not substantially alter the Master Plan EIS analysis of
potential environmental impacts. See July 19, 1999 South TerminalExpansion SEPA Checklist, pp.
13-31.

4.4.4.3 Upgrade of Airport Satellite Transit System

This proposal was analyzed in the May 13, 1997 Master Plan FSEIS. The up_made entails
relocation of the existing north security checkpoint, consmaction of a new vertical circulation core,

improvements to the satellite transit system, interior remodeling, and extension of the north end of
the main terminal by approximately 75 feet. Project modifications are discussed in the August 23,
1999 SEPA Addendum. The modifications do not substantially alter the analysis of significant

impacts described in the Master Plan FSEIS. August 23, 1999 SEPA Addendum, p. 3.

4.4.4.4 Upgrade and Expansion oflndustriai Wastewater System Lagoon #3

This proposal is to clean, line, expand and upgrade an existing wastewater system lagoon. The
expanded lagoon will provide greater industrial wastewater storage capacity prior to treatment in
the Port's Industrial Wastewater System Treatment Plant (Kennedy Jenks 2000) and allow for
controlled discharge to the King County Metro Sewer line. The proposal received a SEPA
Determination of Non-Significance on December 22, 1999.

Two wetland complexes and a stream are located in the immediate site vicinity. Wetland 28, also
know as the Northwest Ponds, is a large diverse Class I wetland located mostly south of Lagoon #3.

The wetland is approximately 35 acres in size and consists of open water, and emergent and scrub-
shrub vegetation. Two arms of Wetland 28 extend north to border both the east and west sides of

Lagoon #3. The west branch of Des Moines Creek originates in Wetland 28 and flows south and

west into Puget Sound. Another wetland complex (IWSA/IWSB) is located north of Lagoon #3.
This forested wetland is approximately 0.67 acres and is divided by a gravel access road.

The project will not involve work in the waters of Wetland 28 (see Section 4.3.2.18) or
IWSA/IWSB. Work will occur adjacent to the northern arms of Wetland 28 and IWSA/IWSB.

Buffer impacts resulting from the project would be reviewed by the appropriate regulatory agencies

and may require mitigation such as buffer averaging or replacement. 1WS Lagoon #3 Upgrade
SEPA Checklist, p. 10. Some groundwater dewatering is expected during construction with a
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maximum dry weather pumping rate of 450 gallons per minute. This groundwater is not expected
to require treatmem prior to discharge into the Des Moines Creek tributary, east of the site. If water
quality testing indicates high levels of turbidity, the water may be treated on site prior to discharge.

As part of the proposed lagoon improvement, a permanent underdrain and pumping system would
be installed to prevent accumulation of groundwater under the lagoon liner system. The collected
water would be discharged into Des Moines Creek. IWS Lagoon #3 Upgrade SEPA Checklzst, p.
II.

4.4.4.5 Air Cargo Development Plan (ACDP)

This is a programmatic action. The ACDP is a 10-year development plan for facilities and actions
recommended to meet the needs of existing air cargo customers at Sea-Tac Airport. Actions
tentatively planned through 2004 include purchasing of airport leases to allow redevelopment in the
north cargo area, constructing four aircraft hardstands in the north cargo area, constructing freight
warehousing in the north cargo area, preparing a site development plan for property north of SR
518 (the "L-shaped parcel"), and redeveloping Port building 313 for air cargo. Actions tentatively

planned from 2005 through 2010 include construction of five aircraft hardstands in the north cargo
area, construction of mail processing and u'ansfer facilities, constructing a non-public bridge across
SR 518 (adjacent to the existing 24_ Avenue South bridge), and constructing a ground support

equipment storage area. Air Cargo Development Plan SEPA Checldist, p. 3.

Redevelopment of airport property will have little effect on impervious surface area. Development
of the "L-shaped parcel" north of SR 518 will increase impervious surface area because the parcel
is currently undeveloped. Site development of this parcel and the bridge will include storrnwater
collection and detention facilities.

There are no water bodies in the immediate vicinity of the northeast comer of the Airport where the
air cargo facilities recommended in the Plan would be located. The majority of the area is paved
and already developed for airport uses. Preliminary information indicates that wetlands exist on the
"L-shaped parcel." Portions of this property would be developed if all of the Plan
recommendations are implemented. As the project is still in the project definition phase, no

wetland delineation or environmental analysis has been undertaken. Air Cargo Development Plan
SEPA Checklist, pp. 7-I0.

4.4.4.6 Aircraft Hydrant Fueling System ("AHFS')

The AH]:S proposal is to install a Jet A underground fuel line concurrent with the planned
improvements to Concourse A. The AHFS would provide single source fuel delivery of Jet A fuel
at the airport and a common infi'astructure that would be used by all airlines. The AHFS would

replace the current fueling operations (primarily truck deliveries) for most commercial passenger
aircraft at the Airport. The AHFS would include cathodic corrosion protection for the underground
pipes and a state-of-the-art leak detection system.

A SEPA determination of non-significance was issued for the project on October 6, 2000.

Previously, the Port had analyzed the need to replace the existing fueling equipment in the Master
Plan FEIS. Other environmental documents that discuss the proposal are listed on page three of the
SEPA environmental checklist for the proposal.
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4.4.4.7 Part 150 Noise Compatibili_" Plan

The Port issued a SEPA Determination of Non-Significance for the Pan 150 Noise Compatibili_.'

Plan on October 20, 2000. The Part 150 plan consists of a series of actions to reduce noise from

groundand flightoperationsat the airport.The Plan includesconductingadditionalstudies

includinga sitingstudyfortheGround Run-up Enclosure,a sitingstudyfornoisewallsand

recommcnd_ changestoinrunwayuseand flightwacks.The Planalsoincludesdescriptionsof

existingconditions,aircraftoperationsforecasts,existingand furorenoiseenvironment,facilities,

operationalandlandusealternatives,technicalreports,and acommunityinvolverncntplan.

The Planispan ofthePort'sNoiseRemedy program,thegoalofwhich istoreduceaircraftand

groundnoiseattheAirport,reducenoiseimpactson thegreaterSeattlearea,and encourageland

usesthatarecompatiblewithanticipatedaircraRnoiseexposure.

The planisanticipatedtoincludethefollowingcomponents:

• Constructionofnoisebarriersinthenorthcargoarea

• Constructionofagroundrunupenclosure

• Modifying existing maintenance regulations and noise fines

• Implementing a ground power and pre-conditioned air system

• Working with the FAA to develop noise-reducing ai_,-,fft arrival patterns, runway use,
and glide slopes.

• Sound insulation of schools in the 65 DNL zone

• Acquisition of mobile home parks in the 70 DNL zone

• Working with local govemrnents on airport noise compatible land use and building
codes
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Temporar3" Impacts to Wetlands during Third Runway Embankment Construction

Introduction

Construction of the Third Runway will require filling low areas west of the current

airfield to raise the exisung grade to approximately 400 feet MSL. This construction will
require unavoidable placement of fill in existing wetlands. Temporary impacts to
wetlands will result from facilities needed to m_t water quality standards for
construction runoff, construction dewatering, construction access, and construction

staging. The facilities and activities that will result in temporary impacts to wetlands and
streams are discussed below and summarized in Table 1.

Temporary construction in some of the wetlands west of the toe of the runway
embankment is unavoidable because certain construction activities must occur outside

(west of ), but in close proximity to the footprint of the embankment where wetlands are

located. Construction impacts to wetlands west of the embankment are considered
temporary because following completion of construction, these impacts will be removed
and the wetland areas restored to pre-construction conditions. Where feasible and

consistent with FAA requirements regarding wildlife attractants, existing wetlands will be
enhanced (i.e. wetlands dominated by non-native vegetation will be replanted with native

species). Permanent facilities west of the runway embankment, such as storm water
detention facilities, will generally be constructed outside of existing wetlands.

Storm water runoff from construction areas requires water quality treatment facilities to
prevent water quality impacts to Miller Creek due to potential sedimentation. The
proposed storm water treatment facilities must be constructed in low areas (which are
often wetlands) and parallel to the embankment footprint (which requires crossing
wetlands) to intercept construction runoff prior to entering Miller Creek. Specific storm

water facilities that must be placed at the toe of the embankment slope include:

• erosion control fencing

• collection and conveyance swales

• sedimentation ponds

• pumping facilities (including power generators)

• treatment facilities (including pumps and power generators).

Additional facilities required to monitor and maintain the storm water facilities include

the following. These facilities will be sited to avoid wetlands as much as possible:

• support facilities (including a trailer, parking, and material storage)

• access driveways.

In addition, the following construction activities may occur near the proposed toe of
slope. These activities will also be sited to avoid wetlands, however, n'unor wetland

Page 1of 6
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impacts mav occur due to temporar3' access roads and drainage features to support these
facilities:

• contractorofficespace
• construction material storage
• materials testing laboratory
• concretebatch plant
• construction equipment parking and servicing

These temporary construction facilities will be removed following completion and
stabilization of the embankment. Following project completion, the wetlands will be
restored by:

• replacing or amending fill material with topsoil
• restoring drainage patterns and directing surface water to the wetlands
• hydroseedingdisturbedareas

• replanting areas with native trees and shrubs.

Storm Water Management During Construction

This section describes the temporary, drainage facilities required to meet water quality
standards for the project during construction. Runoff from the embankment construction
area generally flows south and west, eventually draining to one of three drainage basins.
The three drainage basins within the third runway project area are:

• Miller Creek Drainage (MC)
• Walker Creek Drainage (WC) (a sub-drainage basin of Miller Creek)
• Des Moines Creek Drainage (DC)

The existing varying terrain and the proposed grading limits within the Miller Creek
drainage basin require that the basin be divided into two sub-basins: Miller Creek North
(MCN) and Miller Creek South (MCS). In order to manage construction runoff,
temporary sedimentation ponds and treatment facilities will be constructed to serve each
of the drainage basins. Plan views of the drainage basins and the conceptual construction
storm water management system are depicted in Figure 1 through Figure 4.

Storm water runoff will generally be collected and conveyed to the sedimentation ponds
by gravity-flow rock- or grass-lined swales. However, the lowest portions of the Miller
Creek basin and the Walker Creek basin are wetlands (Wetland 37 and 44 respectively).
To reduce impacts to these wetlands, construction runoff draining to these low areas will
be collected in small collection ponds (sumps) and pumped to larger sedimentation ponds
located upslope. The larger, upslope facilities are located in non-wetland areas to reduce
wetland impacts and reduce the risk of potential encroachment into wetlands. The sumps
needed to collect runoff were sized and located to reduce wetland impacts, yet provide an
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adequate margin of safety to prevent unauthorized storm water discharge to wetlands

during emergency conditions (i.e., extreme storm events or power failures).

In order to collect runoff from the outer edge of the embankment and beyond the

proposed Security Road, a temporary outer collection swale will be constructed (Figure 5-
8). The swale is intended to have dual uses. First, it will collect construction runoff from

the outermost portion of the embankment during the initial phases of construction and
route the water to a sedimentation and treatment facility until the ground surface is
established. Secondly, after establishment of the new embankment side slopes, the swale
may be used as a distribution channel to direct clean runoff water to specific wetlands.

Water may be distributed to wetlands using a variety of techniques, including point
discharges, perforated pipe, porous rock benin, or infiltration swales. Portions of the

outer swale will remain following construction to replace the conveyance functions of
drainage channels filled by the project.

To service the outer collection channel during construction, as well as to provide

construction access along the silt fence and the outermost fill slope, a temporary access
road will be constructed (Figures 5-8). The access road will generally be constructed at or
very near existing grade to minimize ground disturbance. It will not be paved and it is not
intended to be used as a construction haul road.

m2xixl
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Table 1. Temporal" Construction Impacts to Wetlands Resulting From Construction of the Third
Runway _mh=nkmont

Wetland

Number Desermtion of Facilitw Purpose and Need

17,2 Pond outlet pipe. Outlet pipe from MCN-a detention pond must discharge to Miller
Creek to maintain drainage basra boundary. Construction access to
install pipe is required.

A5 Temporary access A swale at the edge of the construction area is necessary, to collect
drive, and convey runoff to the MCN-b pond. A temporar3' access road
outer collectionswale, will allow service and nuuntenance in the swale and allow
silt fence, installation and maintenance of a silt fence. The _mad. swale and

fence will be removed following construction and soil stabilization.

35d Temporary access A swale at the edge of the construction area is necessary to collect
drive, and convey runoff to the MCN-c holding pond. Water from the
outer collection swale, MCN-c pond will be pumped to the MCN-b pond for treatment if
silt fence, necessary. A temporary access road will allow service and
pumping facility, maintenance in the swale and allow installation and maintenance of

the silt fence. The road, swale and fence will be removed following
construction and soil stabilization.

18 Temporary access A swale at the toe of the proposed slope is necessary, to collect and
drive, convey runoff to the MCN-c holding pond. The holding pond will
outer collection swale, collect construction runoff up to approximately elevation 350.
holding pond (MCN- Water from the pond will be pumped to the MCN-b pond for
c), treatment if necessary. A temporm'y access road will allow service
silt fence, and maintenance in the swale and the pond. and will allow

installation and maintenance of the silt fence. The road, swale.

pond, and fence will be removed following construcuon and soil
stabilization.

37a Temporary access A swale at the toe of the proposed slope is necessary to collect and
dnve, convey runoff to the MCN-d sump. The sump will only collect
Interim sump (MCN- construction runoff originating from the lowest portion of the
d), embankment, up to approximately elevation 250. Water from the
pumping facility, sump will be pumped to the MCN-b pond for treatment. After
silt fence, construction of the adjacent embankment (during the first 1-2 years

of construction,) the sump will be removed and the wetland
restored.

A temporary access road will allow service and maintenance in the
swale and the sump, and will allow installation and maintenance of
the silt fence. To reduce wetland impacts, no access road will be
providext in the extreme lowest portion of the embankment. The
road, swale, sump, and fence will be removed following
construction and soil stabilization.

Water B Temporary access A swale at the edge of the construction area is necessary to collect
drive, and convey runoff to the MCN-c pond. A temporary access road
outer collectionswale, will allow service and maintenance in the swale and allow
silt fence, installation and maintenance of the silt fence. The road, swale and

fence will be removext following construction and soil stabilization.

Page 4 of 6
G:XData_wodungk2912k55291201X03mpu\1999 Mit-DoeskHNTB- _ppendix.doc

AR 048260



Table 1. Temporary. Construction Impacts to Wetlands Resulting From Construction of the Third
Runway Embankment (continued).

Wetland

Number Descriptionof Facihtv PurposeandNeed
AI2 Temporaryaccess A swale at theedge of the construcuonarea is necessax3'to collect

drive, and conveyrunofftotheMCN-c pond.A temporary,accessroad
outercollectionswale,Willallowserviceand mmmenance in the swale and allow
silt fence, installauon and mmntenance of the silt fence. The road. swale and

fence will be removed following construction and soil stabilizauon.

AI3 Temporary access A swale at the toe of the proposed slope is necessary, to collect and
drive, convey runoff to the MCN-c pond. A temporary access road will
outer collection swale, allow service and maintenance in the swale and allow Installation
silt fence, and maintenance of the silt fence. The road, swale and fence will be

removed following construcuon and soil stabihzauon.

41a Temporary access A swale at the toe of the proposed slope is necessary, to collect and
drive, convey runoff to the MCS pond. A temporary access road will
outer collection swale, allow service and maintenance in the swale and the pond and allow
Miller Creek South installation and maintenance of the silt fence.
pond (MCS),
silt fence. The pond is necessary for sedimentation and treaunem of runoff

fi'om the southern portion of the Miller Creek drainage basin. The
pond is located in the lowest area so it will collect runoff from the
embankment to the east as well as staging areas to the north, west,
and south.l

41b Temporary access A swale at the edge of the construction area is necessary to collect
drive, and convey runoff to the MCS pond. A temporary access road will
outer collection swale, allow service and maintenance in the swale and the pond and allow
silt fence, installation and maintenance of the silt fence. The road. swale, pond

and fence will be removed following consu-uction and soil
stabilization.

-;4a Temporas3' access A swale at the edge of the construction area is necessary to collect
drive, andconveyrunofftotheWC-b sump.A temporaryaccessroadwill

outercollectionswale, allowserviceandmaintenanceintheswaleandthepond andallow
interim sump pond installation and maintenance of the silt fence. Access to the extreme

(WC-b), lowest portion of the Walker Creek basin will be provided only
silt fence, from the south to reduce impacts to the wetland. The sump will

collect water from outside the toe of the retaining wall where it will
be pumped to the Walker Creek sedimentation pond fWC-a.) After
the retaining wall is constructed and the surrounding ground
reestablished, the sump will be removed and the ground restored.

1

Because this wetland will be impacted throughout the duration of runway construction (4 - 5 years, the
impact is considered permanent and included in on-site and off-site mitigation plans. This wetland will not
be restored following construction.
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Construction Dewatering

Two types of construction dewatenng will occur during construction of the runway
embankment. The first involves interception of existing ground water flog' and the
second involves localized drawdowns of the shallow water table.

Prior to beginning construction, any existing surface flows through the work area will be
routed through or around work areas via temporary piping. This will allow clean runoff
water to be intercepted and discharged to the creek or wetlands and will reduce the
amount of construction runoff needing water quality treatment.

Dewatenng of groundwater in isolated areas within the embankment will be necessary in
areas where excavation of existing unsuitable material is needed. Based on preliminary
geotechnical investigations, excavation of unsuitable material will be necessary for
structural and seismic stability beneath the proposed retaining walls and in areas where
existing soils may cause stability or settlement problems in the constructed embankment.

Removal of soft sub-soils (unsuitable material) will consist of excavating the unsuitable
materials to depths where firm bearing soils are present. The excavation areas will be
backfilled with structural fill or foundation material suitable for supporting the
anticipated loads. Prior to excavating and backfilling, temporary wells or well points will
be bored to draw down the surrounding water table. The draw down area will be localized
by strategic placement of the wells, adjustment of the pump rates from the wells, or
installation of temporary sheet piling. Water from the wells will be discharged to the
surrounding wetlands or creek outside of the construction area as long as water quality is
maintained. Hoses, sprinklers, spreaders or other methods will be utilized to distribute the
water as necessary to adjacent wetlands.

The dewatering wells will be in operation at specific work areas (such as at the retaining
wall areas) for as long as necessary to allow completion of any excavation of unsuitable
material, foundation construction and embankment placement. The wells will be
removed after the foundation is completed or the embankment grade is sufficiently above
the natural ground water table that further construction activities will not be adversely
affected by ground water. After removal of the wells, the ground water will be allowed to
return to its natural elevation.

Due to the short duration of the dewatering operations coupled with the mitigating
measures, significant adverse impacts to wetlands are not expected. The localization of
the drawdown areas to the minimum size needed for construction, the re-distribution of

groundwater to adjacent wetlands, and the routing of water from upslope areas to
wetlands downslope of the construction will prevent significant dewatering impacts from
occurring in downslope wetlands.
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Erosion and Sedimentation Control During Third Runway Embankment
Construction

I. Introduction

Placement of earth and gravel fill material necessary for the proposed Third Runway
embankment and other construction projects associated the Seattle-Tacoma International

Airport Master Plan Update will be completed over several years. During the multi-year
embankment project, material placement will be completed over much of the annual

periods, including the wetter months, in order meet the project schedule. Embankment
construction during the wetter times of the year could generate stormwater runoff
containing silt, sand, or other suspended solids in excess of permit requirements. This
technical memorandum describes the approach for collection, storage, treatment, and

discharge stormwater runoff during embankment construction in order to meet required
water-quality standards. These or similar methods were successfully implemented during
the 1998-1999 construction period. Despite wet weather construction during record

periods of heavy rain, all storm water discharges were achieved.

II. Construction Storrnwater Standards

The WashingtonStateWater QualityStandards(WAC 173-201A)requiresthatrunoff

fromconstructionprojec_notincreasereceivingsm_am turbidityby more than5 NTU

(NephelometricTurbidityUnits).To meetthoserequirements,standardBIvlPswillbe
constructedand maintainedas necessaryin and aroundtheembankment construction

areas.StandardBMPs can be utilizedtoremovemostof thesuspendedsolidsinthe

stormwaterwhilealsoprovidingconveyanceand retention.However,due tothelarge

scaleof the proposedthirdrunway project,combined with the proximityof the
constructionsitestoMillerCreek,WalkerCreek,andDes MoinesCreek,standardBMPs

alonewilllikelynotsatisfywaterqualityrequirementsforturbidity.The standardBIVIPs

havenot historicallyprovidedadequateremovalof verysmall(colloidal)suspended
particlesfromtheembankmentrunoff.Even withliberalapplicationofstandardBMPs
throughouttheprojectsite,experienceon previousprojectsindicatesthatadditional

treatmentof constructionstormwaterrunoffmay be necessaryto meet waterquality
standardsforturbidity.

StandardBMPs alonewillnotprovidethelevelofsafetydesiredbythePorttoassurethat

water qualityrequirementswillbe achieveddunng Third Runway Embankment

construction.Therefore,additionalorsupplementalstormwatertreatmentisproposedas
pan oftheThirdRunway Embankment ConstructionErosionand SedimentationConu'ol

Plan(CESCP) toprovideassurancethatwaterqualityrequirementswillbe met and wet

weatherconstructionwillbc allowed. Specificsupplementalstormwatertreatment

systemsaredescribedinthe1999DraftEcologyStormwaterManagementManual. Itis
anticipatedthatthetypeofsupplementalstormwatertreatmentsystemdescribedinthe

draftEcologyManualwillbeutilizedduringembankmentconstructiontocontrolerosion

and sediment.The followingsectionsummarizestheanticipatedoverallThirdRunway
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Embankment CESCP, including the use of standard and experimental BMPs dunng
construction. Development of the Third Runway Embankment CESCP is based on

experience gained on wet-weather embankment projects completed in 1998 and 1999, as
well as other projects in the region.

HI. 1998 and 1999 Embankment Projects

During the spring, summer, and fall of 1998 and 1999, approximately 1.8 million cubic
yards of embankment was placed in the northw_t corocr of the existing mrfleld.
Standard construction erosion and sedimentation controls for the 1998 and 1999 projects
included the following standard BIV[Ps:

• silt fence

• grass and rock-lined swale.s,
• check dams,

• sediment traps,
• a large sedimentation pond,
• a truck wheel wash,

• soil coverings (bonded fiber matrix)
• hydrosc_ding

In addition to the above BIVIPs, the top of the embankment was sloped away from the

embankment face at all times during fill placement. This reduced erosion by preventing
runoff from the top of the fill from flowing down the embankment face. Collection of

runoff from the top at the back of the embankment also allowed flexibility in routing the
runoff to gain the most benefit from the standard BIViPs. In addition, only fill material
containing a lower percentage of very fine particles was placed during periods of wet
weather to reduce the amount of sedimentation generated in the construction stormwater
runoff.

Even with the above-described controls, it was determined early in the 1998 project that

standard BIVIPs alone would not provide the treatment necessary to consistently meet
DOE stormwater quality requirements for turbidity. Potential supplemental treatment
systems were evaluated to ensure that water quality discharge standards would be
achieved throughout construction.

A polymer stormwater batch treatment system was selected to provide supplemental
stormwater treatment prior to discharge. The treatment system developed for these
embankment projects was approved as an experimental BIVIP by the Department of
Ecology. A brief summary of the supplemental treatment system constructed for the
1998/1999 embankment projects follows.

ea_2of8
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IV. 1998/1999 Supplemental Treatment Summary

Construction runoff contam/ng suspended solids (silt and/or sand) was intercepted in
collection swales and collected in a large sedimentation pond. Under standard

Department of Ecology design criteria, stormwater would normally be discharged from
the sediment pond after a pre-determined "residence time" which, in theory, would result
in satisfactory waterquality conditions. The pond and standardBMPs helped remove the
larger particles, but the polymer treatment system further cleaned the runoff water by
removing the smallersuspended fine particle.s(colloidalparticles) that the standard BlvIPs
could not adequately remove. The polymer treatment system developed for this project
involved pumping of stormwater runoff from the sediumatation pond into one of several
lined treatment cells constructed adjacent to the sedimentation pond. Each treatment cell
acted as an individual mixing tank/settlingpond in which liquid flocculents were added at
closely monitored rates. The flocculents, when properly mixed with silt-laden water,
cause the suspended particles to "bind". to each other creating a heavier particle.
Eventuallygravity causes the flocculents and silt particles to settle to the bottom of the
cell (precipitation). After testing of the water in the cell to verify quality parameters, it is
pumped to a roadside storm drainage system that ultimately discharges to Miller Creek.
The cell is then refilled with silt-laden water and the process started again. The sludge
that accumulates at the bottom of the cells is removed with vacuum trucks as needed and

disposed of at approveddisposal areasoff Port property.

The process was extremely successful, with stormwater discharges from the 1998
embankment site exceeding water quality standards throughout the winter of 1998/1999,
arecordsettingseasonforprecipitation.Much ofthetreatedwaterdischargewasator
belowcreekturbidity,andatnotimewasthedischargegreaterthan5 NTU abovethe
creekbackgroundturbidity.The treatmentsystemresultedinconstructionstormwater
dischargesfarexceedingwaterqualitystandards,whichcallforno increaseof
backgroundcreekturbiditygreaterthan5 NTU.

In accordance with the approvedBMP request, water quality monitoring and testing were
regularly preformed on the treated water prior to discharge. The monitoring included
tests for pH, turbidity, and settieable solids, as well as bioassays to assess treated water
toxicity. The bioassays were performed by a Department of Ecology accredited
laboratory and test results indicated 100% conformance to Department of Ecology
construction stormwater quality criteria, including toxicity, pH, and turbidity.
Approximately 15 million gallons of construction stormwater were treated without
incident during the winter of 1998/1999.

A similar treatment system has been used for a private development project in Redmond,
WA. Through November 1997, approximately 40 million gallons of storm water had
been treated and discharged without incident.

Although effective, the batch treatment process used is labor intensive. Ongoing research
is being conducted to evaluate other potential supplemental treatment systems that will
improve on the batch treatment system used in 1998 and 1999.

I"ATtr'¢'¢_
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Chemical treatment of construction stormwater runoff is a relative]y new application of

technology that is used extensively by municipaliues for drinking water and wastewatcr
u_eauncnt. The application of this technology is fostered by increasing standards for

environmental protection and the need for extended construction seasons for large
projects. The Puget Sound region, in particular the Cities of Redmond and Issaquah,
Washington, are national leaders in the development of chemical _'eatment for
construction stormwater management. Chemical trcaunent of construction stormwater

runoff is being used for a number of both public and private development pricers in
those cities. It is anticipated that chemical _-cam_nt of construction stormwater runoff
will become more widely used due to increased scrutiny of the effectiveness of current
BMPs and greater enforcement of water qual/ty standards to protect fish and fish habitat
protected under the Endangered Species Act.

V. Furore Embankment Projects

This section describes a general sequence of embankment construction and the associated
erosion and sedimentation control facilities anticipated for use during future construction.
Contract specifications for future embankment projects will include deta/led construction
phasing and sequencing plans with associated stormwater runoff controls necessary for
each phase of construction. The contract documents may allow the construction
sequencing plan contained in the contract documents to be tailored to best suit the
operations of a general contractor. However, the stormwater runoff standards and

treatment approach cannot be modified by any contractor-proposed revision to the
sequence of construction contained in the plans.

Conceptual Construction Sequencin_ & Associated Storm Water Treatment

Generally, Third Runway embankment placement is anticipated to begin in the lowest

pomons of the area to be filled. The lowest portion of the topography also corresponds to
one of the more environmentally sensitive areas within the project boundaries (due to
adjacent wedands and proximity to Miller Creek).

Stormwater runoff naturally flows to this low point of the site. In order to reduce the
impacts to wetlands in this low area, no large sedimentation pond will be constructed in
this area as would typically be necessary for stormwater control. One or more collection
"sumps" or small ponds will be constructed. These "sumps" are intended to collect
construction runoff that flows to this low area, but are not intended to hold the runoff

water for settling or supplemental treatment. Instead, runoff collected by these sumps
will be pumped to larger sedimentation ponds and supplemental treatment facilities

located upstream of the low point and outside of wetlands. The larger, upslope
sedimentation pond and treatment facilities will be located in non=wetland areas to reduce
wetland impacts and reduce the risk of potential encroachment into wetlands.

hp4 of 8
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The sumps needed for runoff collection will be sized to reduce wetland impacts, yet
provic_ an adequate margin of safety to prevent unauthorized stormwater discharge
during emergency conditions (i.e. extreme storm events or power failures). The capacity
of the combined sumps and pump systems will be sized to accommodate at least twice the

required stormwater runoff volume.

Runoff water will be diverted directly to the upstream sedimentation pond and treatment

facilities once embanianent construction reaches a height that will allow runoff to gravity
flow directly to the sedimentation pond(s). Aher settling in the sedimentation ponds and
supplemental treatment as necessary, runoff water will be released to Miller Creek.

Standard BMPs will be constructed and maintained thi'oughout the work area. including
the low-point construction area. The BMPs may include, but will not be limited to, silt
fence, cutoff swales, rock check dams, truck wheel washes, and fabric erosion control
matting. Embanlanent side slopes will be covered with bonded fiber matrix,

hydroseeding, and/or erosion matting as necessary as soon as possible following finish
grading. Runoff water flowing into the sumps in the low portions of the site will continue
to be pumped to sedimentation ponds and treatment facilities as needed ensure water
quality standards are met. When the side slopes in the area have been established with

vegetative growth (hydoseeding) and the runoff meets water quality standards without

additional settling or treatment, pumping will cease. Water flowing into the sumps will
then be allowed to flow into drainage channels and eventually to Miller Creek or the
adjacent wetlands via point discharges, perforated pipe, porous rock berms, or infiltration
swales as appropriate.

Runoff from construction areas outside the lowest topographical areas will be routed
directly to sedimentation ponds and supplemental treatment facilities (as needed) located

west of the construction zone and outside of wetlands. In general, a temporary cutoff

swale will be constructed just outside (west) of the toe of the embankment prior to any
site preparation or material placement. The cutoff swale will intercept construction
runoff from the work ar_a and divert it to previously constructed sedimentation
ponds/treatment facilities.

To protect the outer fill slopes from erosion throughout the embankment program, fill
will be placed to always slope back from the toe of the slope (to the east) as was
successfully accomplished during the 1998 Embankment. A collection channel at the
back of the embankment will collect stormwater runoff from the top of the fill and flow to
the sedimentation ponds/treatment facilities, similar to the collection method used for the
1998 Embankment. The exposed face of the fill slope will be stabilized with

hydroseeding and/or erosion matting as soon as possible following finish grading.

A conceptual storm drainage plan is shown in Figure 1, and sequential cross sections of
the embankment during construction are depicted in Figures 2 and 3. Embankment will

be placed in phases over several years. The exposed surface area at any given time during
construction will be limited to an area equal to or less than the area of exposed surface
that would generate turbid runoff in excess of the capacity of the stormwater treatment

[W/tv;-/_
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systems, less an appropriate factor of safety. Capacity of the various treatment systems

(including ponds and supplemental treatment) is dependent on several varying factors and
that will also influence the area of allowable exposed surface. The factors include

existing soils type, fdJ material type, season of construction activity, and type of
supplementai treatment system. On-going ptanmng and research is being conducted to
dcmrmine the construction phasing schedule and combination of _atment systems that
will best meet project needs, including water quaLityreqmrements.

Specia] Considerations

• Pond Sizing and Overflow:
The sedimentation ponds, sump ponds, swales, pumps, and supplemental treatment
facilities necessary for a particular work area will be constructed and operational
prior to fill placement. The facilities will be designed to accommodate the runoff
flow that can be expected, in accordance King County and Ecology Requirements.
In theunlikelyeventstormwaterrunoffvolumein theponds exceedsthedesign

storm,pond overflowstructureswillbe providedto allowcontrolledoverflow

dischargestominimizepotentialdamagefromtheoverflow.Backuppower supply

sourceswillbeavailableforthepumpingandtreatmentsystemsthatrequirepower

tooperate,and atleastone-footof freeboardwillbe providedin sedimentation

ponds.

• Supplemental Treatment:
As with the previous projects, supplemental stormwater treatment in addition to
standard BMPs may be provided to ensure water quality standards are met
throughout the embankment construction program. Potential supplemental treatment
systems include:

• Chemicalbatchtreatmentcells(i.e.:1998/1999system)

• High-volumemechanicalfilteringdevices,withorwithoutchemicaltreatment
• Flow-throughclairifiers,withorwithoutchemicaltreatment

• Flow-throughponds,withchemicaltreatment

On-goingresearchisbeingconductedtodeveloptheexperimentalBlV£Psthatwill

achievewaterqualitystandardsand bestfitthe needs of the Third Runway
Embankment projects.ItisexpectedthattheapprovedexperimentalBMPs will

utilizeoneormoreoftheabovesupplementaltreatmentsystems.

Supplemental treatment will be provided as necessary to meet runoff water quality
requirements throughout future embankment programs. The supplemental treatment

system(s) will be approved for use by the Department of Ecology prior to operation.
The BMP request will also include detailed description of the water testing and
quality assurance program, similar to the testing program developed for the
1998/1999 batch treatment system. The specific treatment systems to be utilized for

the future embankment programs will be chosen based on past experience, the ability
to fulfill project requirements for performance and reliability, and DOE approval.

l_Se6of8
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• Pumping:
Pumpingofstormwaterrunoffwillallowflexibilityinlocatingsedimentationponds

andtherebyreducewetlandimpacts.Pumpingofstormwaterwas a keycomponent
of thesuccessful1998/1999Embankment project.Pumping in 1998/1999was

achieved u@_ng u'ailer-mounmd portable pumps. Similar pumps are anticipated to

beusedduringfutureembankmentprograms.

• CleanRunoffDiversion:

Duringconstruction,runofffrom undisturbedareaswillbe routed,as much as

possible,arounddisturbedareas.Thiswillreducerunoffquantitiesfromexposed
surfacestofurdaerassurewaterqualitystandardscan be met. Diversionwillbe

accomplishedusingdiversionswalesand/ortemporarypipingaroundconstruction

areas.Pipeoutlets,levelspreaders,swales,orotherdevicesmay be usedtoreduce

erosionatthedischargesofthesedivertedcleanwaterflows.

• Maintenance:

The stormwater management facilities will be regularly maintained throughout the
multi-year construction period. Maintenance may include soil and turf repair as
necessary, removal of sediment accumulation from the swales and ponds, and
restoration of silt fencing, pipe inlets and outfalls.

PaSe7of8
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APPENDIX B

GEOTECHNICAL ENGINEERING REPORT FOR THE THIRD
RUNWAY EMBANKMENT CONSTRUCTION

(Includes July 1999 Original Report and
December 2000 Update Memorandum)
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Delivering smarter solutiolIs

MEMORANDUM ,n nor,ge

DATE: December 8, 2000

TO: Ms. ElizabethLeavitt,Portof Seaffie
Bosrot_

FROM: Michael Bailey,P.E.,Hart Crowser, Inc.

RE: ProposedMSE Wall Sublp-adeImprovements

Seattle-TacomaInternational Airport II EXPIRF'SrL///3(/61 I c*,cagoJ-4978-06

CC.: JimThomson,P.E.,HNTB

Denver

In responseto your request, thismemo provides an update on designof the subgrade
improvementsto support the mechanicallystabilizedearth(MSE) retainingwallsfor the
Third Runway embankmentat Sea-Tac Fairoan*s

Thismemo describeswhy the proposedconstructionbelow existingground levelwill have
no adverseimpact to groundwaterflow below the proposedMSE walls.

Jersey City

The basicdesignconcept, constructionapproach,and subsurfaceconditionsbelow the
proposed MSEwallsare generally discussedin Appendix B in the Wettand Functional
Assessmentand Impact Analysisdocument for the project, which includesHart Crowser's

july 9, 1999, report entitled "Geotechnical EngineeringReport, 404 PermitSupport, Third Juneau
RunwayEmbankment" This memo provides additionaldetail based on subsurface

explorationsand designwork completed since July1999. Thismemo providesa description
of the componentsused inthe MSE wall foundation and the proposed subgradesoil

improvements, andwhy these constructedfeatures will not impede shallowgroundwater
flow that rechargesMilter Creek and adjacent wetlands. LongBeach

MSE Waft and Foundation Components
Portland

Figure 1 showsa schematic crosssection of the proposed MSEwall that will be constructed
to avoid relocating Miller Creek. The cross section, located at runway Station 178+60, is a
good section to usefor illustration because it includes wetland soils and is near the

1910 Fairwew Avenue East Seattle
Seattle, Washington 98102-3699
Fax 206.328.5587
Tel 206.324.9530
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maximum height of the proposedwall. Figure 2 showslocation of the crosssection aswell
asthe extent of the proposedsubgradeimprovementsin plan view for the west wall

Figure 1 showselementsof the reinforced wall backfillzone and subgradeimprovement
zone that are discussedin this memo. Constructionelements that are related to

groundwaterBow includethe following:

Native Suriicial Soils. Thissoftor looseto medium densesurficialsoil unit consistsoi silty

sandwith organics,interbeddedsiltysand,gravellysand,and sandysilt.and occasional
sandy clay. The surFicialsoilscontain the shallowaquifer that rechargesMiller Creek and
the adjacentwetlands. The seasonalgroundwater level is nearto, and locallyslightlyabove
the groundsuriacein thisarea, as indicatedby Hart Crowser'smonitoringwellsand
observationsof shallowpuddlesin the wetlandand overlandflow from the east duringthe
late spring. The surficialsoilsvary from about 10 to 20 feet in depth in thisarea. These
sunicialsoilsare not suitableto provide structuralsupport of the proposed MSE wall.

Glacial Till. Underlyingthe surficialsoils isglacialtill or other hard glaciallyoverridden soils
that consistof very densesiltysand and hardsandy silt,with varying amounts of gravel. This
soil unit will providevery good foundationsupportfor the proposed MSE walls.

Reinforced FillZone. The proposed MSE wall is constructedof concrete facingpanels
connected to stripsof steel reinforcingthat extendback into the wall backfillbehind the
wall Both the panelsand the reinforcedbackfillare embedded below the surfaceof the

new fill in iront of the wall, to provide support for the wall. Depth of embedment is
dependson the wall heightand groundslope;in thisarea, it will be about 8 feel

SubgradeImprovement Zone. The reiniorcedfill and MSE wall facing will be supported on
soilswhich are adequatelystrong and non-compressible,to transferthe weight of the wall to
the underlyingglacialtill. There are two Wpesof subgradeimprovementthat may be used

where the existingsurficialsoilsneed to be "improved"to provide thissupport;

• in areaswhere the depth of subgradeimprovementisrelativelyshallow,existingsoilsin
the subgrade improvementzone can be removedand replacedwith compacted
structural fill.

• in areaswhere the softsthat need improvement are more thana few feet thick,
subgradeimprovementmay be accomplishedby installingstone columnsto reinforce
the existingnativesoils.

Bothtypes of subgradeimprovementare discussedlater in thismemo.
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As shown on Figure 1, the eastern partof the reinforcedfill extendsa few feet below the
existingground surfaceat the crosssection(Station178+60). The depth of thisembedment
for the reinforcedzone varie_ for instanceat Station177_75, the reinforcedzone will

extend below the groundsurfaceabout 9 feet.

The remainderof the memo describesthe constructionsequenceand why shallow

groundwaterrechargeto Miller Creek andthe wetlandswest of the MSEwall will not be
impeded by either the reinforcedfill extendingbelow the groundsurface,or either type of
subgradeimprovement.

Shallow Groundwater Seepage through Subgrade Improvements

Subgradeimprovementswill be constructedby either 1) overexcavationand replacement
with compacted fill,or 2) use of stonecolumns. In some.areas,the reinforcedfill may also
extendbelow the groundwater level.

Removal and Replacement for Subgrade Improvement

Where unsuitablesoilsare excavatedas part of subgradeimprovement, backfillwill consist
of relatively free-drainingstructuralfill of the type usedfor wet weather constructionorfor
the embankmentunderdrain. Thisfill will be well-gradedand have a maximum finescontent
(percentageof siltand clay), limitedby the constructionspecificationsto not more than 8
percent Figures3 and4 show gradationof the fill materialsthat may be used for this
purpose. Permeabilityof thisfill will be greaterthan the existingsurficialsoilsit replaces,
becauseof its overallgradationand the limitedpercentfines.

Stone Columns

Where stonecolumnswill be usedfor subgradeimprovement,designcallsfor them to have
a nominaldiameterof 42 inchesand be spacedin a triangularpattern 8 feet apart. Figure5

showsthe method of constructingstonecolumns,and Figure6 showsthe spacing. The
designcallsforthe stonecolumnsto be constructedof coarsegravelwith a maximum of 10
percentpassingthe no. 4 sizesieve with little or no fines (siltand claysized panicles). The
coarsegravelcolumnswill occupy about 17 percent of the native soil volume basedon the

designspacingand diameter. Figure7 showsgradationof the gravelspecifiedfor usein
the stonecolumns.

Some aensificationof the native surficialsoilswill occur duringstonecolumn construction.

However, the degree of densificationis lessin siltyor clayey soilsof the type that existat the
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Third Runway site,compared to non-siltysoils. There are no reports in the engineering
literature of stone columns impeding groundwater flow. In fact there are many case studies
that showthat stonecolumns actuallyimprove sitedrainage by enhancing vertical seepage
between granularsoilsthat are separatedby more silty interbeds.

Reinforced Zone

The MSEwall consistsof concrete facingpanelsthat are separatedverticallyby elastomeric
beatingpads that maintaina 3/44nchgap completely around the perimeter of each concrete
panel. The gapin the joint between MSE panelsenablesthe face of the wall to be free-
draining,includingthe portion embeddedbelow the groundsurface. Where the wall
extendsabove the groundsurface,this joint is so flee-drainingthat it is typicalJyprotected
with filter fabric to preventsoil erosion. Figure8 showsthe joint between MSE panels.

The bottom of the wall bearson a 6-inch-highconcrete pad. Thisconcrete pad will not
impede shallowgroundwaterflow through the areawhere the wall is embedded becauseof
itssmallheightrelativeto the thicknessof the aquifer.

The reinforcedzone behind the wall facinghassteelstripslaid horizontally in the soil, to
provide the MSEsoil reinforcing. Thesestripsare typicallyabout a quarter-inchthick by four
incheswide, and they are spaceda minimumof 9 incheson center both horizontallyand
vertically. The reinforcingwill not impede shallowgroundwater flow, for the same reason
noted above, becauseof the smallarea occupied by the reinforcingstripsrelative to the
overallheightof the aquifer.

Pleasecall if you have any questions.

F:'\c_ocs'_jobs\497806\SubgriOeMSEimem)Fmil.doc

Attachments:

Figure 1 - West MSEWall Cross Section Station 178 + 60

Figure 2 - West MSEWall Subgrade improvement Plan
Figure3 - Grain SizeEnvelope for Group 1A Fill Material
Figure 4 - Grain Size Envelope for Group 1BFill Material
Figure .5- Stone Column Installation for :SubgradeImprovement
Figure 6 - Stone Column Layout Plan
Figure7- Grain SizeEnvelope for Gravel Used in Stone Columns
Figure 8- Joint Details between MSEWall Panels
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GEOTECHNICAL ENGINEERING REPORT
404 PERMIT SUPPORT

THIRD RUNWAY EMBANKMENT
SEA-TAC INTERNATIONAL AIRPORT

INTRODUCTION

This reportevaluatessubsurfaceconditionsand geotechnicalengineering
aspectsof the proposedThird Runwayembankment constructionin the Miller
Creek drainagebasin.This evaluationincludesdeterminingpotential indirect
impactsto wetlands downgradientof the Third Runwayembankment, resulting
from project construction.Design and constructionmeasuresto avoid indirect
adverseimpactsto wetlandsduringand after constructionare alsoidentified.

Avoidance of potential indirectimpactsincludes:

• Providingengineeredmeasuresto maintainor enhance existinginfiltration
on non-pavedpor'donsof the airfieldand groundwater rechargeto support
wetlandsand baseflowto Miller Creek downgradientof the embankment;

I, Verifying constructionof the embankmentwill not impairexistingsubsurface
groundwatermovement; and

• Designingthe embankment to be stableduring anticipatedseismicevents.

Figure1 shows the project vicinity.The main areasof focusin this report are the
north end and mid-west sideof the proposedembankment, where retaining
walls will be usedto reduce the amount of wetlandsfilled by construction.
Figures2 and 3 provide additionaldetail for these areas, includingthe wetlands

of potential concern, Miller Creek, and limitsof the proposed embankment and
related construction.Relatedconstructionincludesrelocationof South 154th

Streetaround the north end of the embankment, and a new airport security road
around the embankment perimeter.

SUMMARY

Information in thisreport is basedinpart on exploratoryborings in
representativewetland areas,accomplishedunder a Nationwide 6 Permit from

the Corpsof Engineers(Hart Crowser, 1999, see reference list following the
main text of this report). Additional informationwas obtained from test pits

Hart Crowser Page 1
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excavatedin representativeareasoutsidethe wedands,aswell asprevious

explorationsby othersfor a varietyof purposes.

General findingsof this report are:

• Soilconditionsin the embankment footprintarea will generallyprovide
good (better than required)foundationsupport,assuringlong-termstability.

• Constructionwill locallyincludesubaradeimprovements (removal and
replacementor in situ improvementof soils,as needed) to improve
foundationsupport.

• Satisfactoryembankmentand retainin8 wall seismicstabilitywill resultfrom
conventionalconstructionpractices(indudin8 the subaradeimprovements).

• Existingshallowgroundwaterseepagerateswill be relativelyunchanged
becauseconstructionwill include engineerin8 measuresto maintain flow
from existingseeps,and transmitthis flow downaradient to recharge
wetlandswest of the embankment.

• Infiltrationthrough the embankment will reachMiller Creek laterdue to a

longerseepage path comparedto existinginfiltration,producing a beneficial
impact on late summerstreamflow.

• Overall, rechargeto shallowgroundwaterwill continue duringand after
construction,muchasit doesat the presenttime.

Thisreport identifiesgeotechnicaldesignand constructionmeasuresto avoid or
mitigate temporary (construction-related)impactsto wetlands,suchasre-

infiltrationand/or re-injectionof groundwaterfrom dewatering, limitingthe
extent of soil disturbance,andsubgradeimprovements, information on the

wetlands,extent of impacts,and other mitigationare discussedin separate
reports(Parametrix inc., 1999a and 1999b).

This report also discusses8eotechnical designand constructionmeasuresto

avoid or mitigate indirectpermanent impactsto wetlands. Mitigation measures
that minimize direct impacts includeengineering designto:

• Limitdisturbanceof groundwaterdischargezones;

• Maintain groundwater seepageto Miller Creek, and adiacent wetlands;and

• Permanentlyprotect undisturbedwetlands with approved buffers.
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GEOTECHNICAL OVERVIEW RELATED TO WETLANDS

Constructionof the Third Runwaywill requirefilling topographiclow areas west

of the existingairfieldto an elevationof about 400 feet MSL. Constructionwill

requirefilling some existingwetlandsand temporary constructionimpacts to
additionalwetlands as discussedby Parametrix(1999b). Ceotechnicai design
and constructionplanningto protect wetlandsfocusedon the following main
areas:

• Use of retainingwails(referredto as MSEwails) to avoid relocating a portion
of Miller Creekand to avoid fillingadjacentwetlands;

I_ Use of appropriateembankment constructiontechniquesand materials to
minimize indirectwetland impacts duringand after construction;

• Design for embankment and retainingwallstability to avoid indirect post-
constructionimpactsto wetlands;and

I, Design of subsurfaceembankment drainageto preserveflow to wetlands
and augmentgroundwater recharge that becomesbaseflow to wetlands and
Miller Creek.

Stormwater management during constructionand temporary erosion and
sediment control ('TESC)to avoid constructionimpacts to wetlands are discussed
by HNTB (1999) and Parametrix(1999a and 1999c).

SUMMARY OF EXISTING SUBSURFACE CONDITIONS

Subsurfaceconditionsat the site have been explored by drillingand sampling
testpits,varioustypes of infiltrationtests,and use of cone penetrometer
soundings,as discussedin severalreports (Hart Crowser, 1999; AGI 1998;
CivilTech,1997). Thesereports documentinformation on subsurfaceconditions

that hasbeen primarilydeveloped subsequentto completion of the 1996 Final

Environmentalimpact Statement(FEIS)andthe 1997 FinalSupplemental EIS
(FSEIS).This new geotechnicalinformationprovidesmore detail, at specific
locations,to provide the basisfor detailedproject design.The findingsfrom this
work are consistentwith geotechnicalinformationused for evaluationof the
project designand impacts in the FEISand FSEIS.
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Soft Conditions

Most of the proposedembankment isanticipated to be built on recessional

outwashsoils,typically consistingof 5 to 10 feet of medium dense, moist, silw,
slightly gravellyto gravellysand,overlyingdenseto very denseglacial till
(typicallysilty, gravellysand) and advanceoutwash soilsof similargradation.
Where the surficialsoilshave been locally disturbed by previoussite

development, they are referred to as "fill" on the exploration logs (Hart Crowser,
1999). .....

WWninthe wetland areas,generallysimilarsoilsare encountered at relatively
shallowdepths,with additionalsurficialsoil layersof soft to medium stiff, low

plasticity,sandyclay and silt,whichvariesto looseto medium dense, non-silty to
clayey sand, andmay containorganicmaterial (peat). Boringscompleted under
the Nationwide 6 Permit indicatethese soilsrange up to about 20 feet in
thickness (Hart Crowser, 1999).

Available informationon soilswithin wetlands in the north safety area (Wetlands

9, FW6, and FW3) as well as on the west side of the Third Runway (Wetlands
18, 37, and 44) are discussedinAppendix A to this report. This information is

basedon detailed8eotechnicalexplorationsaccomplishedby subsurface
boringsunder a Corps of EngineersNationwide 6 Permit. Other wetlands not
explored are anticipatedto includesimilarlimitedthicknessesof soft to medium
stiff, wet and organicsoils,basedon comparisonto conditionsencountered in
explorationsto date in the northend and west wall areas.

Soilconditionsobserved in the specificproject areasaddressedin thisreport are
summarized in Appendix A, based on bodng and test resultspresented in the
SubsurfaceConditions Data Report(Hart Crowser, 1999).

Surface Water Conditions

In the project area, pre-constructionbasefiow to Miller Creek is comprised
primarily of groundwaterdischargefrom the Shallow RegionalAquifer,from
both the airport (east)side of Miller Creek, and from the area on the western

sideof the creek basin.Additionaldischargesto Miller Creek are in the form of
surfacerunoff and near-surfaceinterflow(Parametrix, 1999c).

Precipitationonto the ainield becomes runoff, isintercepted by the storm water
management system, is lost to evapotranspiration,or is availablefor infiltration

(seeParametrix1999c). The amount of infiltrationavailable as recharge depends
on soil characteristic, slope, and engineered measures,
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GroundwaterConditions "

Hydrologic assessmentscompleted by Pararnetrix(1999c) and AGI
Technologies(1996) showcompletion of the Third Runway will increasetotal
area of impervioussurfaceandstorm water runoff within the embankment
footprint.Thiswill resultin a slightdecreasein baseflowto Miller Creek due to
the net reductionin infiltrationin thispart of the Miller Creek basin.Mitigation
for this effect isprovidedby the hydrauliclag of seepage fi-omthe infiltration
which doesoccur, resultingin a net increasein rechargeand baseflowin the
late summer,asdiscussedin this report.

Existingshallowgroundwater in the projectarea includes:

• infiltrationfrom the ground surface;
• The surficialinterflow zone;

• Discontinuousperchedwater zones; and

• The ShallowRegional Aquifer.

Thisreport discussespotentiallocal impactsand mitigationfor thesenear-

surfacegroundwatercomponents, shown diagrammaticallyon Figure4. The
shallowgroundwatercomponentsare discussedin more detail below.

Infiltration. Hydrologic measurementsconductedfor the study on which the
airpo_s StormwaterManagement Planisbased (Parametrix,1999c) were used

to calculateinfiltrationcharacteristicsfor existingairfieldfill soils,to provide
informationon effectsof constructingthe Third Runway embankment.
Infiltrationto the underlyinggroundwatersystem is able to occur over the
existinglarge areasof the airportand adjacent land areaswhich are not paved.
Similarly, infiltrationis anticipatedover the unpaved areas (-80 acres) on top of
the new embankment.

Sur_cial interflow. The surficial inte_ow zone existsin the upper few feet of"
the soil profile.Flow in thiszone isessentiallysubsurfacestormflow that is
usuallyassociatedwith periodsof substantialrainfall The near-surfacesoils

become saturatedand allow flow to move laterallyfrom the upper to lower
pans of the watershedcatchmentarea. Interflow tendsto lastfor at most a few

daysafter major storms,but may persistthrough the winter monthswhen storms

occur frequently, interflow could be a factor in sustainingsome of the wetland
areas that are not fed by perched groundwater or by the Shallow Regional
Aquifer.

Discontinuous PerchedWater. Zones of perched groundwater appear to exist

in the slopinghillsidethat forms portions of the westernflank of the existing
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airfield,east of 12th Avenue. The forestedslope isformed of a mixture of glacial
tilland outwash soils,which allow differingamountsof runoff, infiltration,and

evaporationto occur.

• The glacial till and hardsiltsoils(where present)are typically at a depth of 5
to 10 feet below groundlevel, ovedainby outwashsoils.

• The outwashsoilsfacilitatemore infiltration,allowingperched zones to
develop in placeson the glacial fill,or on other silty(i.e., less-permeabie)
layersabove the ShallowRegionalAquifer (see Figure4).

The lateral continuity of suchperched zones dependson extent and
stratigraphicposition of the perching layers.Test pit observations(Hart Crowser,
1999) indicatelimited continuity andfrequent gradational transitionsin the silt
content of on-sitesoils.Thesevariationsaffect shallowseepagein two ways:

• Along the marginsof siltysoil zones,perched groundwater tendsto
percolate downward to the ShallowRegionalAquifer; and

I_ Surface seepscan form where the perchinglayerscrop out at the ground
surface. Locally these seepsmay be importantsourcesof water to wetlands.

Shallow RegionalAquifer. FigureSshowsgroundwaterelevation contoursfor

the ShallowRegional Aquifer.Thesecontoursgenerally mimic the surface
topography,with higher groundwater levelsoccurringbeneath the airfield.The
elevatedgroundwaterlevelsreflect groundwaterrecharge that occursbeneath
the existingairfieldand dischargesasbaseflowto Miller Creek. Rechargeis
derivedfrom part of the infiltrationthrough the extensiveareasof fiat grassland
that flank the paved runwaysand taxiways.

The potential area for groundwaterrechargeto the Shallow RegionalAquifer
that dischargesto Miller Creek extendsfrom Miller Creek to the easternside of
the existingain_eldbased on the location of the groundwater dividein this

aquifer (Hart Crowser, 1985). Much of thisarea is underlainby glacial till, a
denserelatively less-permeablesoil unit (an aquitard) that rangesup to 50 feet in

thicknessbelow the airfield.A portionof the infiltrationlikely rechargesshallow
perchedwater zones above the glacialtill aquitard,rather than directly
rechargingthe Shallow RegionalAquifer, see Figure4.

Rechargeto the Shallow RegionalAquifer createselevated groundwater levels
beneath and east of the airport,and generateslateral groundwater flow toward

the adjacent drainages(Miller Creek, Des Moines Creek, and their tributaries).

Hart Crowser
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A portion of the groundwaterrechargethat enterst_e Shallow RegionalAquit:er
passesthrough that groundwaterbody and percolatesdeeper. Eventuallythis
seepage becomespart of the regionalrechargeto the Intermediate and Deep

RegionalAquifers that are locatedat depth. "l'neIntermediate RegionalAquit:er
and Deep RegionalAquifer,are not anticipatedto be impacted by development
at Sea-Tat. Regionalgroundwatermovement includingrelationship of the Third
Runway project to the SeattlePublicUtilitywellsin the Intermediate Aquifer and
the Highline Water DistrictWells in the Deep Aquifer, iswell-documented in the
Third Runway FEIS/FSEISandstudiesby others (FederalAviation Administration,
1997; AC;ITechnologies,1996; Hart Crowser,1985).

GEOTECHNICAL DESIGN CONSIDERATIONS

Geotechnical designto avoidand/or mitigateconstructionimpactsto wetlands
has been refined from the initialanalysispresentedin the FEIS,to include several

specificelements.These includethe following:

• Use of retainingwalls to reducefillingsome wetlands and limit creek
relocation;

• Use of soilzones to provide a stableembankment that can be constructed

cost-effectivelywith the least impactpossibleto local groundwater recharge;

• Explorationand analysisof the local soilsto designa stable foundation for
the embankment and retainingwalls;and

• Design of the embankment to avoid or mitigate long-term, indirectimpacts
to groundwater, adjacentwetlands,and/vtiller Creek.

Embankment Design Refinements Accomplished since the FSEIS

Subsequentto completion of the FSEIS(FederalAviation Administration,1997)

and in responseto requestsfor information to support the Corps of Engineers'
404 Permit, the Portcompleted an extensiveanalysisof alternativesfor

constructionto avoid impacts to wedands.A major component of this was
selectionof embankment slope and retainingwall configurationsto minimize
the extent of wetland impacts.

Geotechnical engineeringaspects of the analysisof wall and slopealternatives
were subiected to peer review,conducted by the firm Shannon & Wilson, Inc.
Shannon& Wilson found the analysisto be both appropriate and consistentwith

._:._. conventional engineeringpractices. Details of the analysisare presented in a

Hart Crowser -_l_aae 7
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1999reportby HNTB, HartCrowser,and Parametrix,whichincludesthepeer

reviewreportasan attachment.

partofevaluatingalternativestofillingwetlands,Portoperationsstaff

(security,fireand rescue,and maintenance)identifiedalternativestoreducethe

area of impactrelated to roadson and aroundthe runway embankment. This
includedeliminationof an intermediateaccessroad along much of the
embankment, and revisingthe securityroad alignment and profile, to reduce the
extent of constructionimpactsto wetlands.

Another designrefinementhas focusedon surfacewater and groundwater
drainagefrom the embankment.Aftercompletion of construction,runoff from
the new embankment will be detainedand otherwisemanaged to reduce storm

water impactsto Miller Creek (seeParametrix,1999b). Designsto promote
stormwater infil_ation andmaintenanceof groundwater rechargeare discussed
in thisreport

Use of MSE Walls to Avoid Filling Key Wetlands and Creek Relocation

During the pasttwo years,Port staffand consultantshave completed
geotechnicaJ,hydrologicand wetland studies,to identify alternatives and verify
that existingMSE (mechanicallystabilizedearth)technology can provide safe
and relativelycost-effectiveconstructionof retainingwails for soil conditionsat
thesite.

The PortofSeattlereviewedalargenumberofembankment slopeand retaining

wallalternativestoavoidorreduceimpactstoMillerCreekand adjacent

wetlands.MSE retainingwailswereselectedastherecommended alternative,

(HNTB,HartCrowser,and Parametrix,1999).

Where retainingwallheightexceedsabout60 feet,MSE retainingwallswill

typicallybe usedincombinationwithnarrow,relativelyhorizontalterracesand

conventionalorreinforced2H:IV embankment sections,tolimittheareaof
filledwetlands.

• Atthenort_end oftheembankment.MSE wallswillbe usedtolimitthe

impacttoMillerCreekandtheextentoffillingWetlandsA-Iand 9;

• Nearthemiddleofthewestsideoftheembankment (approximatelyrunway

stations174+00to186+00),anMSE wailwillbe usedtoavoidfillinga

significantpartofWetland37a,andtoavoidrelocatingpartofMillerCreek;
and
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I_ Near the south end of the new runway,an MSEwall will be built to limit the

extent of fillingWetland 4.4a.

Specificdesignand constructionconsiderationsfor the embankment and MSE
wallsin theseareas are discussedlater in this report.

What are MSE Walls?

MSE isa method ofconstructingearth embankments usinga combination of

compacted soil and reinforcing elements.MSE technology includesa range of
steel and polymer (plas_c) products(mesh,strips,and grids)used to retain and
reinforce soil,and provides a number of advantagesover other types of
retaining walls.The MSE technology improvessoilstrength through
incorporation of reinforcingstripsor sheets(geogridsor geotextiles)within the
soilembankment during construction.There are a number of proprietary
products used for this purpose.

Some,but not all, MSE products includea means to secure a retainingwall
facing to the reinforced soilmass,permitting a range of embankment slopesup
to and includingvertical walls./viSEwalls may be faced with wire mesh,
geotextile,or concrete facing elements. Concrete facingsare typically used for
permanent installationsof the type contemplated for the Third Runway,and may

consist of prefabricated concrete wall facing components installedduring or
after construction,or cast-in-place/shotcretefacings applied after construction.

MSE walls can be designedto accommodate a considerable range in site
drainageconditions.Typically the reinforced zone includesrelativelynon-silty,
free-drainingsoil,which would enhance infiltrationnear the face of the wall. The
reinforced zone would be hydraulicallyconnected to the embankment

underdrain, to enable infiltration from above the wall to seep beyond the toe of
the wall Also, MSE wallsdo not require a structuralconcrete key betow ground
for stability; thus unlike some other types of wall, MSE walls do not impede
subsurface seepage.

MSE walls are relatively economical to construct compared to other types of
retaining structures,particulady at heights in excessof about 25 feet. MSE walls
have been successfullyused to retain embankment fills well over 100 feet in

height, including both tiered walls and single "fiat faced" wall configurations.
MSE embankments and retaining walls can be designed to be highlystable
under both static and seismic loads.

Figure 6 showsa schematic crosssection of an MSE retaining wall.
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Geotechnical Design to Accommodate Site Conditions

Foundation Soil Conditions in Wetlands and Upland Slopes

Native soilscapable of providinga suitablefoundation to supportthe
embankment have been observedat depthsrangingfrom zero to around 20

feet below the existingground surfaceacrossthe site.Availableinformation
indicatesvery littlesubgradepreparationwill be needed acrossmost of the site.
Wetland soilsandsoilsinsome other specificareaswill need to be improved or

replacedto supportpartsof the fill and MSEwalls.Thissubgradeimprovement
will be accomplishedwithout reducingsubsurfacegroundwater movement as
discussedbelow.

Existingsubgradesoilswhich are unsuitableto provide structural support for the
embankment (becausethey are soft,wet, or containorganic materials},will be

removed and replacedwith compactedstructuralfill,or improved in situ (i.e.,
in-placeor without removal),asdiscussedbelow. The unsuitablesubgrade
materialthat isremoved will be reusedwhere possiblein non-structuralareas of
the embankment.

Followingexcavationof unsuitablesoils,stablesubgradewill be prepared by
either:

• Placingstructuralfill that isfree-drainingand non-silty.The relativelyhigh
permeabilityof thisfillwill not decreasethe soil capacityto transmit
groundwaterflow through these areas;or

• Making in situ improvementsto existingsubgradesoils,including"stone
columns," soilmixing,or similartechn0togies,as describedlater in this
report.These techniquesincreasesubgradestrengthwith some
correspondingreductionin permeability in the immediate vicinity of
application.

Designswill addressmitigation for the potentialchange in permeabilitywhere in
$itusoil improvement is used.Mitigation would typically include thickeningthe
embankment underdrain layer (discussedbelow) or installationof "french

drains"throughareasof soilimprovement, to compensate for any reductionsin
soilpermeability within the zone of improvement.

Embankment Drainaoe Layer

At the base of the proposed embankment, a drainage layer will be constructed
that extends over the existing soil surface (after clearing and grubbing). The

HartCro_er Page 10
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drainagelayer will be constructedof select non-siltymaterial that issignificantly
more permeable than the Wpicalfill soilsused in the body of the embankment
A minimum thicknessof the drainage layer will be maintained throughout the

area covered, which may be locally increasedwithin areasof subgrade

improvement, and filled wetlands, seeps,or springs.The embankment drainage
layer, referred to as an underdrain, iscommonly used for earth darnsand other
embankments.

The underdrain enablesbeneficialdischarge of water that infiltratesinto the
embankment from above or below, to be conveyed downgradient to discharge
into wetlands between the embankment and Miller Creek. The underdrain will:

• Preventexcesspore pressuresand associatedstabilityproblems;

• Preventerosion where seepage is dischargednear the toe of the
embankment; and

• Provideperennialseepageto recharge groundwater andwetlands beyond
the toe of the embankment.

The primary purpose of the underdrainis asa stability-enhancementmeasureto
preventthe build-upof pore water pressureswithinthe soilsat the base of the
embankment, andto prevent subsurfaceerosion,a condition known as "piping."

Pipingcan have seriousconsequencesin constructedembankments if
inadequateconsiderationisgivento the movement and dischargeof seepageor
other groundwaterwithin the embankment.

The underdrainprovidesa controlledseepagepath below the embankment.
Gradation of the drainlayer is designedto prevent piping and cloggingor
sedimentationwithin the drain.The hydrauliclag resultingfrom seepage through
the embankment and underdrainincreasesthe relative amount of late-summer

rechargedowngradient of the embankment, to mitigate indirect impactson
wetlands and Miller Creek.

The underdrainwill collectseepage,interceptingwater that percolatesdown
fromthe surfaceof the new embankmenL aswell as collecting subsurfaceseeps
andspringsthat currentlyoccur on the existingground surface.Collectingthis

water in the underdrainwill allow it to be beneficiallymanaged for the long-term
protectionof downsiopewetlands,and to maintaingroundwater baseflowsto
Miller Creek.

The completed underdrainwill be separated from the surfaceof the airfieldby
the full thicknessof the embankment. In the event of a contaminant release
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(suchasan airfieldfuel spill),the tong flow path through the new fill would
provide substantialopportunity to accomplishsourcecontrol and remediation
before any contaminantscouldreachwetlands, Miller Creek, or the underlying
aquifers.

Characteristics of Proposed Embankment Fill Soils

The proposed embankment will be constructedwith va.,'yingfill materials as
needed to satisfyspecificdesignrequirementsin specificzones.

1. Type 1 Fill. About40 percent (roughly 6.5 millioncubic yards)of the
embankmentwould be constructedof rela0velysilt-freesand and gravel
soils,referredto as "Type 1" fill.

2. Type 2 Fill. About 60 percent (roughly10 millioncubicyards) of the
embankment would be constructedof more or lesssilty sand(glacialtill and

outwashsoils).These "Type 2" fillsoils are similarin particle size gradation
butwill be lessdenselycompacted than the existingglaciallyoverridden
soilsbelow the embankment (resultingin the fill havingcorresponding
highersoil porositycomparedto the native soils).

Relativeproportionsof thesepredominant soil types may vary depending on
final designandavailabilityat the time of construction.The descriptionsabove
referto generalsoilcharacteristics;constructioncontract documents will utilize
fillspecificationsthat are more precise andmay add variationsto the types
shown to accommodateconstruction.

Within each of the two generalfill types, there will be variationsfor specific
constructionrequirements.

• Typicallythe relativelysilt-free Type 1 fill would be usedbelow pavements,
the embankment underdrain,MSE wall reinforcementzones as wet weather
fill, andelsewhere as needed to accommodate construction.

• . Generallythe more silty Type 2 fill will be usedto the maximum extent

possible,balancingrelatively high availability (low cost)with limitationsof
tryingto compact suchmaterial in wet weather. (Typicallyas the silt content

of a soil increases,it becomes increasinglydifficult to compact it to a
uniformly densecondition in wet weather.)
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Comparison of Native Soils to Embankment Fill Soils

Typical near-surfacesoilsinthe area to be filled are more or lesssilty,(Hart
Crowser,1999; AG[, 1999), and are generallysimilar in gradationto the Type 2

fill that will be predominandyusedasembankment fill. While the Type 1 fill is
anticipated to havesignificantlybetter infiltrationand seepagecharacteristics
comparedto existingsitesoils,they will not have much influenceon overall
infiltrationinto the embankment becauseof location (i.e.,predominantly under

pavement,within the underdrain,andwithin specific zones. Where infiltration
seepsthrough both Type 1 andType 2 soits,it will seep relatively faster through
Type 1 andrelativelyslowerthrough the Type 2 soils.

Type 2 fill compactedin the embankment will be lessdense than existing
glaciallyoverridden onsite soils,but will probably be more densethan the
relativelyloosernear-surfacesoils(upper5 to 10 feet). The embankment fill is
anticipatedto storeand transmitgroundwaterin a manner intermediate
between the existinglooseto medium densenear-surfacesoils(upper S to 10
feet), andthe deeper glaciallyoverriddensoilswhich dominate the site.
Generally the new embankmentis expected to have infiltration characteristics
similarto the existingairfield.

Becauseof the similarityin gradationand contrastin density noted above, Type

2 fill will typicallyretainsurfaceinfiltrationlongerthan existingnative soiis.The
embankmentwill therefore releasewater to Miller Creek and wetlandslater into

the summercompared to nativesoilsin the area to be filled.

Changesin the relativeproportionsof these two predominant soil types in the
embankmentare unlikelyto have a significantimpact on drainagecharacteristics
of the embankment asa whole,because the arrangement of the fillzones within
the embankment will allow for interconnectionand free drainage of the
relativelymore permeable soils.

Fill Zones within the Embankment

The ThirdRunway embankmentwill be designedasa zoned embankment, with
different filltypes and/or differentcompaction requirementsusedin specific

areasto accommodate strength,compressibilityand drainage requirements,see
Figure6. These zones include:

A-I. PavementSubgrade. High-strength,low-compressibilitygranularsoil usedin
the upper few feet immediately below airfieldpavements(Type 1).
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A-2. Drainage Material. Free-drainingsoilusedin the underdrain and in areas of
overexcavationto improve foundationsupport(Type 1).

B-1.Pavement Support Fill. Low-compressibilitysoil usedbelow the pavement

subgradezone A-1 (may be Type 1 or Type 2 fill).

B-2.MSE ReinforcedBackfill. High strenEthgranularsoil used in the reinforced

zone behind retaining walls (Type 1).

C-1. Common Embankment Fill. Moderate strengthcompactedsoil (may be

Type 1 or Type 2 fill). "

C-2. Common Embankment Fill. Compactedsoil usedadjacent to slope faces.

Thisfill (which may be Type 1 or Type 2) may be more selectand/or have
somewhathighercompaction requirementscompared to (3-1,depending on
where it is used.

D. Non-structural Fill. Soilremoved from foundationareas becauseit is
unsuitablefor foundation support (Type 2).

Construction of a zoned embankment in thismanner providessignificant
environmental benefits,including:

• Seasonallimitationson use of relativelysiltysoilsin wet weather will reduce
erosion and sediment control problems;

• Use of relativelysiltysoilsas"fair-weather fill_ for common embankment
constructionwill increasethe hydrauliclog (late summer recharge volume)

compared to non-siltysoils;

• Reduction in truckhaulagefor the embankment by enabling use of local
borrow materialsand eliminationof "export" haulageto disposeof

unsuitablesubgrade soils;and

• Ability to constructan embankment underdrainwhich collectsinfiltration
and seepage, for controlleddischargeto promote infiltration,and preserve
groundwater rechargeto downgradientwetlands and Miller Creek.

Embankment and MSE Wall Stability Analyses

Engineeringanalysesof embankment slope stabilitywere completed for a typical
embankmentfill crosssection(nominal2H:IV), as well asfor representative
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MSEwall crosssectionsin or adjacent to wetlands for both the northand west
areas.Theseanalyseswere conducted to:

• Verify suitabilityof the proposed geometry of embankment slopesand
retaining walls;

• Assessbase preparation required to avoid instability; and

• Assesssensitivityof embankment fillparameters.

The analysesincorporated specificsubsurface information developed through
explorationsaccomplishedunder a Nationwide 6 Permit for drilling inwetlands
at the site. Soilconditionsin these area are summarized in Appendix A based on

data presentedin Hart Crowser (1999). The stabilityanalysesconsideredvarious
combinations of wail/slope geometry and subsurfacesoiland groundwater
conditions. Crosssectionswere analyzed for the Wetland 37 Wall (the retaining

wallwhich will be useclto reduce fillingwetlands and to avoid relocating a
portion of Miller Creek), and wall-slopecombinations for the north end of the
embankment (in and adjacent to Wetlands 9, FW6, and FVV3)that will be used
to limit wetland fill.

Embankmentstabilitywas evaluatedusingcomputer analysesthat employ the
conventional limit equilibriummethods developed by Janbu,and more rigorous
proceduresdeveloped by Spencer (Wdght, 1991; Sharma, 1994). Search
routineswere conducted usingthe Janbumethod of analysisto identify the most
plausiblepotentialfailuresurfacesfor the given combination of slope/wall
geometry and subsurfaceconditions.The potentiallycriticalfailure surfaces

selectedby the computer program were then reanalyzed usingSpencer's
method to more accuratelydetermine the factor of safety.

Stability Analysis Parameters

Soils.Tabte 1 provides a summaryof the engineering and strength parameters
usedin the analysesfor the soilsin the project area.Strength parametersfor

on-sitesoilswere developed usinglaboratorytest resultsdeveloped for the Third
Runway project (Hart Crowser, 1999; AGI, 1998) and through published
correlation of field and laboratorytest results(Hart Crowser, 1998b and 1998c).

For theseanalyses,MSE walls were assumedto include reinforcing etements
with lengthsequal to 80 percent of the wall height. Basestabilitywas analyzed
for potential failuresurfacesbelow the reinforcedzone.
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Groundwater. Groundwater levelswere modeted usingan assumed

piezometricsurfaceconcurrent with the presentgroundsurface and/or partial
saturationof the underdrainbelow the embankmentsoilsand retaining wall

backfill.Sensitivityanalyseswere performed to measurethe effect of raisingthe
water level within the underdrain.This is a conservativeapproach because it

assumesthat all the soilsbelow the underdrainwill be saturatedand subjectto

buoyantforces.

Seismic Input. Two types of seismicanalysiswere completed to verify both
overall stabilityof the embankment and to estimateanticipated deformation
underseismicloads.

The combined resultof the two typesof stabilityanalysisshow the embankment
includingthe MSE retained wall sections,inand adjacent to the wetlands, can
be constructedto have comparablestabilityasfor other pan of the
embankment, and with the samelow riskof catastrophicfailure, accepted for

other major transportation facilities.

Stabilityanalysesusedstandardgeotechnicalmethods that are widely'accepted
for embankment design.Seismic(pseudostatic)stabilityanalyseswere
performed on the most criticalfailuresurfacesthat were found during searches
for minimum staticfactors of safety.The seismicanalysisincorporated a
horizontal acceleration component into the computermodel to account for the

e_ects of an earthquake.The accelerationterm used in the preliminary analysis
is based on the peak ground acceleration(PGA) that would be expected in the
SeaTacarea during an earthquakewith a 475-year return interval (10 percent
probabilityof exceedence in S0 years). Thiscorrespondsto a somewhat larger
seismicevent than both the 1965 SeaTacearthquake(Richtermagnitude 6.5)
and the 1949 Olympia earthquake(Richtermagnitude 7.1).

Additionalseismicanalysisof the Wetland 37 Wall was accomplishedto

estimate the magnitudeof potential embankmentmovements, using the
Newmark procedure(Kramer, 1996). This analysisuseda much largerseismic
event, correspondingto the maximum probableearthquakewith a nominal
return period of 3,000 years, a so-called"great earthquake." The Newmark

analysiscalculatesdeformation of the reinforcedsoilmassas a slidingblock.

Sensitivity. The sensitivityof the stability analyseswas checked by varying the
following:

• Shapeof failuresurface;
• Depth of failure surface;

• Lengthof reinforcement in vertical walls;
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• Soilstrength;
• Groundwaterlevel;

• Backfilland basepreparationstrengths;

• Backfillunitweighl;

• Limit equilibrium anah/sismethod, and
• Analysistools (i.e.,different software programs and analyticalmethods).

Results of Stability Analysei

Staticfactors of safety rangedfrom 1.2 to 2.0, and pseudostaticseismicfactors
of safety ranged from 0.8 to 1.2 for criticalsections.A target factor of safety of
1.3 (static) and 1.05 (seismic)was selected for these analyses,basedon
conventional geotechnicaldesign for comparable embankments.

The target factors of safetywere obtainedfor the Wetland 37 Wall, but not for

some areasof existingsoilsunder some of the wall/slope combinations analyzed
for the north end of the embankment. These results demonstrate the need to,
and provide some of the basisfor, designingsubgrade improvements to the
nativesoilsin these areas.

Failureto obtain the target factors of safety in the north area resultedfrom
insufficientexistingstrength in the medium stiff silt and clay below part of the
proposed embankment, particularlyunderseismicloading.Subsequentanalyses

to show improved stability can resultfrom improving subgrade strength during
constructionafter overexcavatingthe unsuitablesoilsand replacement with
compacted soilfill (possiblyMSEreinforced)or in situsoil improvement.

The resultsare referred to as "proof of concept" because they demonstrate
satisfactorystabilitywill resultfrom conventionalconstruction procedures. Final
designof the subgradeimprovementswill be based on further analyses
accomplishedfollowingadditionalsubsurfaceexplorations, in situ
measurements accomplishedby cone penetrometer, testpits, and test trenches

in the wetlands (which are not covered under the existingNationwide 6 Permit
program) will provide the specificinput for designof subgradeimprovements in
the wetlands.

Resultsof the initialNewmark deformation analysisindicated that movement of
the maximum heightMSE retainedfill, the Wetland 37 Wall, will be lessthan

about 10 feet during a maximum probable earthquake.This analysisindicates
that MSE reinforced fillsdesignedfor the site would have acceptable
deformations duringthe maximum credible seismicevent. Much smaller

deformations would resultfrom more likely earthquakes(i.e., an earthquake with
a 475-year return interval(10 percent probability of exceedence in 50 years)
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comparedto this "great earthquake." More detailed strainanalysesto complete

designof the M$E reinforcedzone will be accomplishedusing finite difference
methods.

Po.¢t.ConstructJon Infiltration and Baseflow to Miller Creek

Hart Crowser analyzedpost-constructioneffectsof the Third Runway
embankment on the Miller Creek drainage.These includethe effectof
infiltrationinto the new embankment that becomesgroundwaterrecharge, and

the effect of the new embankment on groundwaterthat infiltratesbelow the

existingairfieldand dischargesto wetlandsand Miller Creek west of the airfield.
While the relativeamount of runoff will increasein new paved areas and

embankment slopes,infiltrationis anticipatedto increaseover about 80 acresof
relativelyfiat grassedareasthat will be created between the new and existing
runways and taxiway pavements.

In the area of construction,specific groundwater recharge contributions to
Miller Creek will include:

• Infiltrationinto the top surface of the new embankment;
• Infiltration into the sideslopes of the new embankment;

• Management of runoff from the sideslopes;
• Maintenance of existing shaJiowinterf]owbelow the embankment; and

• Row from the ShallowRegional Aquifer into Miller Creek.

Theseare discussedbelow individually.,appendixB providesadditional detail on
water baJancecalculationsbefore and after construction.

Infiltration into the Top Surface of the New Embankment. Infiltrationinto the
unpaved portion of the new embankment top surface exceeds existing on-site

infiltrationin the samearea for the following reasons:

• Largearea (about 80 acres)of relativelyfiat grassedland between runway
andtaxiway pavementspermits greater infiltrationcompared to pre-
constructionslopingground in the sameareas;

• Post-constructiongrassedarea between pavementswill have less

evapotranspiration(El') compared to forest vegetation on the pre-
constructionslopes;and

• Soilconditionswithin the embankment will promote infiltration in some
areasand overall have better average groundwater transmissionrates
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compared with the underlying nativesoils(glacial till, glacially overridden
silty advance sand, andhard silt units).

The large embankment thickness (up to 165 feet) provides significant buffering
of storm water infiltration, increasingthe availablegroundwater recharge and
short-term storage before seepage eventuallyreaches Miller Creek or
downslope wetlands.

Seasonalinfiltration into the embankment soil mass will fill near-sur'_acesoil pore

space until the soil reaches a condition referred to by soil scientists as "field
capacity." Fieldcapacity is the threshold moisture content above which a soil
will drain freely. Additional infiltrationwill then percolate downward into the
embankment. This percolating water will eventually intercept the embankment
underdrain at the base of the fill,and most of this seepage will then flow to the
west to Miller Creek or adjacent wetlands. The amount of deep percolation into
soilsdirectly underlying the new embankment will therefore be reduced relative

to existingconditions.Rechargeof seepage from the underdrain downgradient
of the embankment isdesignedto mitigate this reduced deep percolation
(adjacent to, rather than below, the embankment).

Irr_ltration into the Side Slopesof the New Embankment. Infiltration into the

new embankment sideslopes(nominal 2 horizontal to 1 vertical) is anticipated
to be slightlylessthan existing infiltrationover the "foot print" area of the side
slopes(38 percent of rainfallpost-construction,versus50 percent for pre-
constructioninfiltration).The reductionismainly the resultof the increased

slope causingincreasedrunoff. The potentialfor increasedrunoff is mitigated by
improved infiltrationcapaciW of the embankmentfill relative to the existing
glaciallyoverridden soils,reduced evapotranspiration,and increasedstorageof
water within the fill

Infiltration into the new embankment side slopeswill percolate downward until

it isalso intercepted by the underdrain discussedabove. Bencheson the slope
face alsomitigate the runoffand provide more opportunity for infiltration. This

seepagewill be increasedslighttyby additional infiltration along storm water
swaleswhich collect runoff from the embankment slopes.

Maintenance of ExistingShallow interflow below the Embankment. In addition

to intercepting seepage infiltrationfrom the top of the embankment, the

embankment underdrain alsoprovides a meansfor existing seepage in the filled
area to continue to flow downgradient to the wesL

The existingground sun:acebelow the embankment will largely be left
undisturbed prior to fill placement, as discussedlater in this report. Shallow
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interflowseeps,expressedwhere perchinglayersoutcrop on the slope, will
continue to dischargeinto the underdrain,or will continueto flow downslope
below the underdrain.

Areasof soft soilsthat need to be removedto provide embankment foundation

supportwill be bacidilledwith free-drainingsand and gravelhydraulically
connectedto the underdrain,in this way existingseepageinto wetlands that are
filledwill continue to be availableasseepage through the underdrain.Thiswater
will flow downgradientto the west, and eventuallyreach downslope wetlands
andMiller Creek.

Row from the Shallow Regional Aquifer into Miller Creek. A geotechnical
analysiswas usedto assesswhether the weight of the embankment would
significantlyreducethe amount of existingbasetlow from the ShallowRegional
Aquiferto Miller Creek (Hart Crowser, 1998a).

Experiencewith earthdams showsseepageunder an embankment istypically
not reducedby the weight of the fill,and &,routcurtainsor sheet pile cutoffsare

typicallyconstructedwhere control of seepageis necessarybelow
embankments('rerzaghi& Peck, 1967). None the less,Hart Crowser calculated
the effectof the embankment on seepagebelow the new fill.

Thesecalculationsindicate that volume of soilpore space,expressedas the void
ratio (volume of voids relativeto volume of solids)within the Shallow,

Intermediate,and Deep Aquiferswithin the area immediately underlying and
adjacentto the embankment would be reducedby roughly 1 to 3 percent due
to the maximum weight of the embankment. For perspective, this corresponds
to about a 4-inch maximum change in thicknessfor the S0-foot-thickShallow

Aquifer.The magnitude of the change in void ratio would diminishrapidly both
laterallyandas a function of depth.There would be no effect in the Shallow
Aquifer more than 50 feet from the edge of the embankment, and no effect in

the Deep Aquifer more than about 500 feet from the edge of the embankment

Reductionsin permeability on the order of 2 to S percent correspondingto the
changein void ratio are estimated immediately below the embankment, with the
effectsdecreasingwith depth. The estimated2 to 5 percent change is
insignificant,given that differencesin permeability are usuallyevaluated in terms
of ordersof magnitude (powers of 10).

Effectsof the magnitude estimated could conceivably produce a slight

groundwatermounding in the ShallowRegionalAquifer on the upgradient side
of the embankment (i.e.,below the existingairport), but this would probably not
be measurable.Baseflowto Miller Creek located west of the embankment is not
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likely to be impacted,since the effect of the moundingwould be to locally
increasethe groundwaterflow gradient resultingin no net lossof baseflow,.

No impactsare anticipatedto drinkingwater resourcesin the Intermediate and

Deep Aquifers.The effect of the embankment weight diminisheswith increasing
depth and distancefrom the fill. There are no wellswithin the affected area
(maximum about 500 feet from the edge of the embankment).

GEOTECHNICAL OVERVIEW OF PROPOSED CONSTRUCTION

Thissection of the report discussesthe general sequenceof constructionfrom a
geotechnicalperspective, focused on avoidance or mitigation of sediment-
loadingimpactsto Miller Creek and Wetlands.Eachof the areasoutJinedbelow

shouldbe addressedin the constructionplansand specifications,but may need
to be modified as additionalinformation is obtained.

Installation of TESC

Temporary erosionand sedimentcontrols(TESCs)will be installedprior to any
other land disturbancefor construction.TESCwill be installedupgradientof
Miller Creek and the undisturbedportionsof wetlands.

All constructionand related activitiessuchas accessand stagin_ will be
accomplishedinspecificareaswith appropriateTESCmeasures.

TF_SCmeasureswilebe designedprior to construction.Installationand

maintenancewill be specified as part of constructioncontract documents.TESC

measures will conform to the Port's NPDESpermit, includingbest management
practices(BMPs), (Parametrix,1999a).

Temporary Construction Access Road to Maintain TESC

Temporary constructionaccessroadswill be installedalong the perimeter of
disturbedareasto enable regular inspectionand maintenance of TESCfacilities.

Wood chip mulch (tub grindings)from other site ctearin8 can be usedseasonally
to limit generationof dust and improveroadbed trafficabilityalongsuch roads in
wet conditions.

After completion of constructionand permanent erosioncontrols, temporary
constructionroadsnot needed for permanent airport operationswould be

removedfrom wetland and stream bufferareas. Restorationof temporary road
areaswould include:
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• Removing any rock fill or quarry spalis;

• Gradingto permanent slopesdesignedfor erosion control;

• Rippingor plowing to loosensunCicialsoilscompacted by traffic; and

• Revegetating with appropriateplant materials(identified in the Natural
ResourceMitigation Plan;Parametrix,1999b).

Cleering-Topsoil Removal Limited to Specific Areas

Prior to placement of any embankment fill, the sitewill be cleared, including
close-cuttingall vegetationto within a few inches of the groundsurface and
removal of existingstructure_

Specifiedsite clearingshallbe limited within the constructionarea to reduce
potential erosionand sedimentation.

Topsoilswill not be stripped within most of the construction area.

• Basedon experiencewith fill constructionin 1998, the Port doesnot plan to

strip topsoil or grub (remove) root masseswithin most of the area to be
filled; and

• Stabilityanalysesand the 1998 fill experience indicate the effect of surficial

topsoil on stabilityof the fill is limited to the toe of the embankment. The
extent of topsoil strippingwas found to have little influence on stabilityas
embankment height increases.Topsoil removal and grubbingwill typically
be limited to a zone about 30 feet wide along the toe of the embankment.

Limiting the extent of grubbingand topsoilstrippingin this manner will
significantlyreduce potential for erosion to occur in the period between clearing
and fill placement

Existingstructures will be removed down to the foundation level, along with
removal of any existingundergroundfuel (home heating oil) tanks.

Subgrade Preparation

Following site clearing,heavy compaction equipment will be used to "proof roll"
the subgrade,to aid in identifying local areasof soft, loose, or otherwise
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unsuitablefoundationsoils.Theseareaswill be compacted inplace, or

otherwiseimproved as discussedlater.

During subgradepreparation,visibleseepage may be collected in gravel and

perforatedpipe *french drains"for conveyanceand reinfiltrationoutside the
immediate constructionarea. Thismay be done for instanceto avoid mixing

cleangroundwaterwith potentiallymore turbid stormwater, or to improve
drainage/reduce mud in work areas.

Limited Construction DewateHng

Temporary constructiondewateringmay be accomplishedin limited areasso
that structuralfill can be compactedbelow grade in areaswhere existing soils
need to be replaced,or to enable constructionof subgradedrainage.

Shallowexcavationsin stablesoilswould typically be excavatedwith internal
sumpsto remove any accumulatedseepage or precipitation.Construction
dewatering to depthsof around 10 to 15 feet would typically be accomplished

with well points around the perimeter of the area to be dewatered. Dewatering
to the maximum anticipated depth of soil removal or improvement, on the order
of up to about 20 feet, would probably be accomplishedwith stagedwell point
systems.

Dischargefrom individualwell pointsor sump pumps would be dischargedin a
controlledmanner.

• Pumpingfrom open sumpsand initial dischargeof well development water,
which may be somewhat silty,would be pumped to the TESCsediment
ponds for treatment as needed prior to dischargeto Miller Creel<;and

• During operation, cleanwater from the wellswould be dischargedthrough
land application adjacent to Miller Creek. Typically this involveslow velocity
dischargethrough perforated pipe laid alongthe groundsurface in grassed
or forested uplandsadjacent to the creek buffer.

Well points rather thanpumped well systems are anticipated to be used.
Pumpedwell systems,which causegroundwater drawdown over extensive
areas,are not anticipatedto be used because:

• Dewatering isneeded only in limitedareasand depths;

• The soilsthat needto be dewatered are relatively siltyor include stratified
zones of relativelysiltyand non-siltysoils;and
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• Dewatering will be of shortduration (a few weeks in each location)

Temporary constructiondewateringsystemswould be designedto avoid
adverseimpactsto Miller Creek and Walker Creek. Lateralextent of drawdown

adjacent to dewatered areaslikelywill be very limited (on the order of tens of
feet) due to the typicallysilty natureof soilsto be dewatered. Where more
extensiveimoactsmay occur (i.e.,basedon possiblefindingsof future

explorations),constructioncan incorporatereinjection wells and/or temporary
use of sheet pile cutoffsto control the area of drawdown.

Ratesof dewatedng will depend on the sequence of construction,excavation
geometry, andspecific local soilconditions.Relativelylow flow ratesfor
dewateringare anticipatedbasedon resultsof slugtestsand an attempted

pumping test (Hart Crowser,1999). Total magnitudeof dischargein any area
will depend on the sizeof the dewatered zone (to be determined duringfinal
designof subgradeimprovements).

Local Overexcavation and Removal of Unsuitable Soils

Fxistingsoilsin the area below the Wedand 37 Wal[, below portions of the
embankment, and below portionsof walls in the Norl_ Safety Area, are
unsuitableto support load of the new fill and/or retainingwalls. _:ngineering

measuresto improve subgradesupport duringconstruction,will typicallyconsist
of localoverexcavationand removal of unsuitablesoils.

Typically,soilsare unsuitablefoundationmaterial becausethey have one or
more of the following characteristics:

• Excessiveamountsof organicmaterial (peat);

• Relativelycompressibleor low strength(medium stiff) siltor clay; and/or

• Looseto medium dense relatively non-siltysandswhich may be subject to
liquefaction.

Typically depth of suchoverexcavation isanticipatedto be on the order of
about 15 feet or less,based on wetiand exploratory borings accomplished under
the Nationwide 6 Permit. Specification of the final extent and depth of
overexcavation to remove unsuitable soilswill require additional explorations,

which will need to include test trenches and test pits, to be completed after
construction accessis permitted in the wetland areas to be filled.
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Overexcavation would typically be accomplished with open cut slopes
averaging 2H:I V or flatter.Temporary sheet pile would be usedas needed to

limit the extent of disturbance in wetlands along the edge of the embankment
fill,suchas Wetlands44a, 41a, 11, 37a, A6, and A1 (seeFigure8).

Where unsuitablesoilsare removed,they will be replaced with compacted free-
draininggranularfill (Type 1). Thisstructuralfill may be MSE reinforcedas

needed for stability. The MSE reinforcementwill not impede infiltration,thus
new subgradefill in wetland areaswill typicallyhave better infiltration
characteristicsrelative to existing(relativelysilty)wetland soils.

The free-drainingstructuralfill in overexcavatedareaswould be hydraulically
connected to the embankment underdrainto promote infiltrationand permit
dissipationof accumulatedseepage(seeFigures8 and 9),

• Forfilled areas below the main embankment, the hydraulicconnection with
the underdrainenablesany naturalseepageinto the overexcavated area to
be conveyed to the edge of the embankment with no adverse impact on

stability.Beyond the edge of the embankment, this seepage isavailable as
rechargeto downgradientwetlands

• Forwetlands along the edge of the embankment, the hydraulicconnection
with the underdrainenables infiltration(recharge)of seepagefrom below
the embankment to the remainingwetland.

Local in situ Improvement of Unsuitable Soils

In $itusoil improvementmay be usedwhere depth of unsuitablesoilsor other
circumstancesmakes overexcavationand replacement infeasible.Alternative

approaches,such as stonecolumns,soilmixing,jet grouting,etc. may be used
along with appropriate seepagemitigationto improveshearstrength and reduce
compressibilityof existingsoilsbelow the MSE reinforced zones behind
retainingwalls.

Earthworkdetailswill be developed as needed for subgradeimprovement areas
to preservetransmissionof seepagebeyond the embankment.There are a

numberof proprietary techniquesto accomplishfoundation improvement.As
an example, stone columnsare created by placement of compacted gravel
zones in the existingsoil throughvibratory densification,see Figure10.

Selection of specific construction method(s) for soil improvement will be
completed pnor to construction, when subsurface explorations and test trenches
are completed in wetland areasto be filled.
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Embankment Drainage Layer

The firstlayer of embankmentfill will consistof free-drainingsandand gravel to
form the embankment underdrain.The underdrainwill rangefrom 2 to 4 feet
thickdependingon the overlyingfill,and locally the thicknesswould be
increasedto includefill in overexcavatedareas.

In additionto assuringgood subsurfacedrainagefor the embankment fill that is

subsequentlyplaced, the underdrainwill provide an in_al workingsurface that
can be sloped to reduce subsequentrunoffand erosion.

The underdrainmaterialwould be placed in liftsand denselycompacted.
Typically it would be constructedworking up from the lowestpart of a given fill
area andin from the edges of the filLGraded granularfilters,a combination of
filter fabric and soil,and/or rock riprap would be usedto prevent erosion in
areasof activeseepage,suchas along the drainageswale at the downgradient
edge of the underdrain,see Figure8.

MSE Retaining Wall Construction

Constructionof the MSE retainingwallswould be accomplishedby constructing
an initialstripfooting along the alignment of the wall facing, and then placingthe
reinforcedbackfillbehind the wall in lifts,working upward. In some areas, the
wall(s)would be constructedon top of denselycompacted fill rather than
directlyon the subgrade.

Typicallythe foundationfor the wall elementsconsistsof a strip of below-grade
MSE reinforcedsoil,and a compacted gravelpad or concrete strip footing.
Placementof the reinforcingand backfillsoil isaccomplishedfrom behind the

wall.Temporary road accessalong the face of the wall may be provided to
installa finalwall facing,suchas pro-castconcrete panels. Other than this
temporary road and required TESCfacilities,construction of the walls would not
needto intrude into the wetlands in front of the wall.

Duringconstruction,the top of the fill would be sloped gently downward
behindand away from the face of the wall (about 2 percent) to facilitate storm
water runoffaway from the wetlands,and to help control alignment of the wall
facing.Runoffwould be collected in temporary swales on the back of the fill

(away from the wetlands)and conveyed to sediment pondsin the same manner
aswas successfullyusedduring the 1998 embankment construction.
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Placement and Compaction of Embankment Fill

Earthfill for the Third Runway embankment would be placed in laversand

compacted. Soilwould be moisture-condibonedasneeded to improve

compaction.Typicallythe condi'doningcouldinclude:

• Spreadingand aeration by diskingto reducesoil moisture;

• Light sprinklingto increasesoilmoisture;or ._

• Use of soil blendingor useof a more selectsoit, inwet weather.

During cons1_clJon,the top of the fill would be sloped gently (about 2 percent)
to the east,awayfrom the faceof the wall to direct stormwater runoff away
(Tomthe wetlands.Runoffwould be collectedin temporary swaieson the back

of the fill (awayfrom the wedands)andconveyed to sediment ponds such as
were usedsuccessfullyfor the 1998 embankment construction.

Constructionspecificationswould includeprovisionsfor maintaining runoff and

erosionprotection during any constructionshut-downs.

Embankment Slope Protection

As embankmentconstructionphasesare completed, permanent erosion
protectionwould be installed.Typicallythiswould include planting vegetation
on the embankmentslopesandmonitoring to assureit becomes well-
establishedand self-sustaining(Parametrix,1999a).

The Port hashad good successwith hydroseedingto provide temporary erosion
protectionon the 1998 fill.Thisexperiencedemonstrates:

• Hydroseeding isa viable meansof controllingerosion in the winter
immediately following fillplacement;and

• The resultantcover can be relied on until permanentvegetation is
establishedand/or completionof other constructionphases.

MITIGATION OF POST-CONSTRUCTION HYDROGEOLOGIC IMPACTS

Management of Storm Water Runoff

Stormwater runoff from the embankment will be collected and handled as

discussedby Parametrix (1999a and 1999c).
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Stormwater runoff from the slopingface of the embankmentwill be collected in

a permanentswale alongsidethe security,road (see Figure9) and conducted to
detentionfacilitiesbelow the toe of the slope.

The swalesprovide some opportunity for infiltration.Theseswaleswill be rock-
linedwhere necessaryor otherwiseprotectedagainsterosion along the toe of

MSE walls,see Figure8. Infiltrationin thisarea will recharge to the Shallow
RegionalAquifer and con_bute to groundwaterdischargeto wetlands and
Miller Creek.

Discharge of Seepage from the Embankment Underdrain

Most seepage collectedfrom the embankment via the underdrainwill discharge
to a collectionswale at the toe of the slope or below the toe of the MSE wall,
the remainderwill infiltrate directlyinto the ShallowRegionalAquifer under the

embankment footprint. Seepage into the swale is likely to occur discontinuously
atong the length of the embankment, with flow concentratingat topographic
low spots or in areaswhere there are preexisting seeps.

The purpose of the swale isto collectseepagefrom the underdrainand conduct
it laterallyalong the toe of the embankmentfor surface dischargeto wetlands.
Additional infiltrationto rechargeshallowinterflow and the Shallow Regional

Aquifer, will occuralong the swale.

Facilitiesto enhance infiltrationcan be constructedat specificlocationsto
augmentwater suppliesfor existingwetlandsthat are left undisturbedbeyond
the area of impact for the project. Facilitieswill be designed to infiltratewater
from the drainage layer into the shallowsubsurfacesoils that form the delineated
wetlands.Thesecan include:

• Locallyincreasingthe swalewidth to reduce velocity and provide increased
infiltrationarea;

• Overexcavatingthe sideof the swale and replacingthe existingsoilwith a
sandygravel bermto promote sidewall seepage;

• Overexcavating the bottom of the swaleto provide smallcheck dams to

hold water for continued infiltrationin low flow times;and/or

• Constructionof lateralgravel-filledfinger-trenches
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Post.Construction Baseflow to Miller Creek and Riparian Wetlands

The embankment underdrainplaysa key role incollectingpercolabngwater that
has infiltrated into the surfaceand facingslopesof the embankment. The

underdraininterceptspercolationand enabtessome control of groundwater

rechargefor the ShallowRegionalAquifer beneath the embankment:

• All of the water in the underdrainis availableas direct recharge,by vertical

seepageinto the underlying soil;and

• Water which infiltratesthroughthe embankment at a rate fasterthan it can

infiltrateinto the _ative soilwill seep laterallydowngradient within the
underdrain,to swaleswhich convey it to wedands beyond the embankment.

By collectingand re-infiltratingseepage from the underdrainas described above,
the impact of runwayconstructionon baseflowto Miller Creek will be
substantiallymitigated.

Twical MSE Wall, Section

Impactsto rechargein the vicinityof the Wetland 37 Wall between Station
175+00 and 185+00 are summarizedin AppendixB.The water-balancemodel
is basedon average conditions and 40 inchesof annual rainfall.The variation of

pre-project andmitigated post-constructionrecharge to groundwater during an
averageyear is depictedon Figure11.

In thisanalysis,the impact of infiltration to baseflow is proportional to monthly
rainfall,with the major impactsoccurring in the winter months. The

embankment will provide increasedstorageand a correspondingdelay in
dischargeof infiltration, causedby groundwatertravel time through the
embankment subsurface.The effect of thesefactors is to delay the groundwater
rechargeby one or two months,providinghigherflow than at present in the
eady summer months.

Typical 2:1 Embankment Section

Impacts to rechargealong the main embankment between Station185+00 and

235+00 are summarized in Appendix B. The variation of pre-project, impacted,
and mitigatedbaseflowsthrough an average year is depicted on Figure 12.

Mart Crowser
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PREPARATION OF THIS REPORT

Thisreport hasbeen preparedfor the exclusiveuse of HNTB Corporation and
the Port of Seattleforspecificapplication to t_e site and project discussed

herein.Hart Cmwser, Inc.,accomplishedthiswork in Beneralaccordance with
our proposaldatedJanuary28, 1999. We completed thiswork in accordance
with conventionallyacceptedBeotechnicaiengineeringpracticesfor the nature
and conditionsof work completed in the same or similar localitiesat the time

the work was accomplished.We make no other warranties,expressor implied.

We appreciate the opportunityto assistyou on this project. Pleasecall if you
haveany questions. .

Sincerely,

HARTCROWSER,INC

MICHAELJ. BAILEY,P.E. MICHAELA.P. KENRICK,P.E.
PrincipalEngineer St. Assoc Hydrogeologist
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Table 1 - SoilParametersUsed for StabilityAnalysis

Moist Unit Weight Cohesion Friction Angle

Soil Description in pcf in psf in De_rees
Fill- SelectRunwayFill 125 0 35
Fill-Wall Backfill 109 to 120 0 32 to 36
Glacial Till 130 250 40
Peat 90 0 19
Sand- Advance Outwash 125 0 35

Sand- BasePreparation 130 0 32 to 40
Sand- Dense to Very Dense 123 0 39
Sand- Drainage Layer ] 40 0 40
Sand- Medium Dense to Dense 120 0 35 to 37

Sand - RecessionalOutwash 120 0 35
Silt- Hard, Sandy 120 4000 0
Silt- Medium Stiff ]20 400 20 to 24
Topsoil 90 0 23
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Vicinity Map

See Figure 3
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3rd Runway Project
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APPENDIX A
SUBSURFACE CONDITIONS IN SELECTED

REPRESENTATWEWETLAND AREAS
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APPENDIX A
SUBSURFACE CONDITIONS IN SELECTED

REPRESENTATIVE WETLAND AREAS

This appendixsummarizesgeotechnica[soil conditionsencountered in
exploratory boringsaccomplishedwithin represen_tive wetland areas. Boring

logsand test results,alongwith additional information are presented in Hart
Crowser(1999). The selectedwedandswere identifiedas being representative
basedon review of existinginformation, or assignificantbased on anticipated
tocationof MSE walls to retain the fill. Available information indicates other

wetlandsto be filled are likely to have similargeotechnical characteristics.

North Safety Area (Combination of Slopes and Wails)

Near-surfacesoils inthe vicinity of the northend of the embankment including

Wetlands 9, FW6 and FW3, generallyconsistof:.

• Loose to medium dense,moist, silty,gravellysand;
• Sandwith occasionalgraveland occasionalthin layers of silt;

• Occasional peat and soft, organic silt;and
• Medium stiff to hard,sandy silt.

These soilsare predominantly recessionaloutwash deposits which comprise the

majority of surficialmaterialsinthe embankment footprint (AGI, 1996). Some
recent alluviumis alsopresent.The recessionalout'washsoilsand alluvium
combined are typically lessthan about 10 to 20 feet in thickness,and ovedie

denseto very denseglacialtill and advanceoutwash deposits.

Soilsat the north end of the embankment are relativelyvariable in gradation
compared to soil conditionsunder most of the embankment footprint. Soil
conditionsaffectingembankment designinctudethe following significantunits:

• in the area upslope of Wetland 9, the near-surfacesoilsconsistof medium
stiff m very,stiff, sandy sill underlainby a laterallyconsistentlayer of medium
stiff to hard, moistto wet, fine sandysilt.Laboratorytesting indicates thissoil

has low plasticity,low cohesion,and potential to consolidate (gain strength)
underthe embankment load.Thisfine sandy silt is anticipatedto be
relativelywell-drained due to the presenceof thin layers of silty fine sand

which are wet and relatively more permeable than the fine sandysilt.

• An area of very soft to soft peat and organic siltwas encountered in

Wet/and FW6, in the northwest area of the embankment, during
explorationsfor the 154th Avenue relocation alignmentstudy (CivilTech,
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1997). HC99-B36, which is sliBhtly upslope of the soft peat soils,
encountered8 feet of loose,very siltysandover stiffto hard silt.The soft,

moist to wet, peat and silt soilsvary from a single layer generally lessthan 1S
to 20 feet in thickness,to peat interbedded with loose to medium densesilty
sandor stiffsilt,

West Side of Embankment

Wetland 37 Wall

Surficialsoilswere evaluated on the west sideof the embankment within and

adjacent to Wetland 37a as part of evaluating retaining wall and slope
alternatives (to avoid relocatingMiller Creek and reduce the filling of wetlands)
in this area.

Near-surfacesoilswithin the topographicallylow-lyingareas Benerally consistof

interlayered:

• Looseto medium dense,moistto wet, silty to very silty, fine sand, which is

occasionallyslightly gravelly;

• Soft to stiff,moist peat and organicsilt; and

• Soft to stiff,moist, sandysilt.

Dense to very dense glacialtillsoilsare generally encountered at 5 to 17 feet in

depth (i.e., below the loose or soft soilsidentified above). Typically the thicker
depositsof soft and loose materialsappear to be in the topographic lower
portions of the wetland. As the ground surface topography rises,the surficial
soilstransitionfrom the recentlydeposited peat' silt,and fine sandinto medium
dense, moist, silty, slightly gravellyto gravellysand,identified asrecessional

outwash soils.The depth to glacialtill in the upland areas typically appears to be
5 to 10 feet, somewhatlessthan in the low lying areas.

Wetland 44.a Wall

A third area where constructionimpacts to wedands can be significantly

reduced by retaining wall constructionisWetland 44a. Subsurfaceexplorations

have not been completed to date withinWetland 44a, because of property
accessconstraintsand becausedrill-rigaccessis likely to require cutting and

fillingwithin the ravine which would disturb wetland and buffer habitat. Review
of available soil and groundwater information adjacent to Wetland 44a suggests
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subsurfaceconditionswill likely be similarto those discussedabove for Wetland

37a,

Upslope of the ravine, exploration boringsATg7-B53, ATgT-B59, and ATg7-B60
have been accomplishedon South 176th and South 174th Streets. These

explorationsindicate that very dense,glaciallyoverridden soils are close to the
surfacearound the upslopeperimeter of Wetland 44a. Sur_cialsoilsgenerally
consistof about 5 to 10 feet of medium dense,siltysandwith occasional grave[

over very dense,siltysandto slighdygravelly,siltysand.

BoringAT97-B60, which is located further south and west of the anticipated wall
area,encountered 9 feet of very dense,siltysandwith cobbles, over very dense

sandwith occasional gravel.

Visual reconnaissancesuggeststhat the topographicallylower portions of the

ravinelikely include loose to medium densesiltysand(colluvium) and possibly
soft to medium stiff siltand/or peat.

Test pit and trench explorations,alongwith fill constructionto enable access ior
cone penetrometer explorations,will be completed for final design, after
completion of 404 Permit process.
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•APPENDIX B
WATER BALANCE MODEL

Model Objective

The objectiveof the water balance modelingconducted to support the
geotechnical re-evaluationof wetJandimpacts is to examine changes in

hydrologicflows (runoff, interftow,groundwater flow, and baseflow) that will
occur asa resultof embankment construction.The analysisis designed to
includethe effects of internal drainage facilitiesconstructedwithin the proposed
embankment, and to evaluate the ways for redistribution of flows generated

from this drainagelayer, to mitigate potential impacts to wetlands and baseflow.

Previous Work

Previousanalysesof baseflowchangesresultingfrom constructionof the Third
Runwayand associatedproject components have consideredoverallchanges in
land use occurringwithin individualsur/ace catchments or sub-basinsthat
contribute flow to Miller Creek or Des Moines Creek, and their tributaries. The

latestapproach (Parametrix,1999c) includesboth HSP-Fmodeling of the
catchments,and a water-budget analysisbased on the rainfall-runoff-

evapotranspiration-rechargecharacteristicsof different soil types invo}ved.

The resultsof the HSP-Fcatchment modelingby Parametrixshow relativelysmall
changesin groundwater recharge and consequentlyin baseflow, predicated on
the observationthat airportfill behaveshydrologicallyin a manner similar to

outwashsoils,rather than glacial till soils.Outwash soilsare typicallymore
permeable, altowing more infiltration and lessrunoff than glacial till soils.In this

way, it is shown that Masterplan Projectconstructionwill in generalallow some
increasein potential groundwater rechargein areasthat are not covered by
impervious surfaces.However, the overall increasein impervious surfacesas a
resultof project development more than compensatesfor the increased
groundwater recharge,resultingin the predicted small reductionsto baseflow
overall (see Parametrix1999c, page 4-16).

Re-Evaluation Issues

One embankment design factor not consideredin the previousbaseflow

analysesis the hydrologic effectof the internal drainage layer that is required to
ensureembankment stability. The drainage layer will typically be placed as a

blanket over the existingground surfaceat the base of the fill soils.The primary
function of the drainagelayer is to control the build-up of pore water pressures

Hart Crowser
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within the embankment by providinga preferential drainage path for any pore

water drainingdownward through the embankment-

The primary source of pore water in the embankment will be percolation of
excessmoisture from the upper soil layersfollowing the infiltrationof rainfall in

the earlieranalysesof baseflow, it is assumedthat such deep percolation will

recharge the shallow groundwater beneath the embankment, and then
dischargeto the neighboring creeksasbaseflow.

A portion of the groundwater rechargethat enters the ShallowRegional Aquifer
passesthrough that groundwater body and percolatesdeeper through the

underlyingaquitards.Most of this deep groundwater flow is removed from the
shallow groundwater systemthat providesbasefiowto local drainages including
Miller Creek and Des Moines Creek.

• A portion of this deeper groundwater rechargereturnsto the Shallow
Aquifer alongvalley areaswhere there is an upward groundwater gradient
from depth.

• The remainder rechargesthe intermediate and deep regionalaquifersthat
are located at depth within the Puget Soundsediments.

in the current designconcept for the embankment, a substantialproportion of
the infiltration will be intercepted by the drainagelayer, and conducted laterally
to rechargewetlandsbeyond the toe of the new embankment.

The analysispresentedhere is intended to compliment the work of Parametrix. It
uses the sameparameters as their water-budget analysis(Parametrix,1999c;
Appendix D) to quantify groundwater recharge before and after embankment

construction, and to predict drainage-layeroutflow. The management and
reapplicationof the drainage-layeroutflow is then examined to maintain

groundwater rechargeand provide additionalwater to supplementwater
sourcesfor off-sitewetlands.

Model Concept

The concept used to examine the effect of the drainage layer isa water-balance
model that considersinflowsand outflows occurringwithin a representative

vertical-slicethroughthe proposed embankment. For this analysis,two
representativeembankment profiles are considered:

1) The Wetland 37 Wall (between Sta. 175+00 and 185+00)
2) The typical 2H:IV embankment (between Sta. 185+00 and 215+00).

Hart Crowser Page 5-2
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Eachembankment profile isdivided into a series of blocksthat allows the

components of the water balanceto be traced through the profile (see Figures
B-1 and B-2).

pre.Construction Conditions

The water balance model is ini'dallyset up to representexistinghydrologic
conditions at the location of the typical embankment profiles.Existingland

surfaceprofilesand soil types are assignedto each block, and valuesare
ascribedfor evapotranspiration,runoff,interflow, and deep percolation that
becomes groundwater recharge,usingthe runoff responsesdeveloped by
Parametrix(Table 3-1 in Appendix D of Parametrix 1999c). Resultinghydrologic
flows are accumulated for each block, and passedto the adjacent downgradient

block as appropriate. Groundwater flow within and between each block is
modeled usinganalyticalequationsfor one-dimensional groundwater flow.

Notes and Assumptions:

I. Surfacerunoff from the existingairport area (Block I) and from new
embankment construction is diverted away to separate stormwater

management facilities;

2. Interflow in Block 1 likely contributesto groundwater flow toward the west.

The model preservesinterflow asa separate component that ultimately
entersMiller Creek, or isintercepted by the drainage layer.

3. The apportionment of precipitation into its component parts focuses on

shallow "active" groundwater that dischargesto local streams;the analysis
takesaccount of deep basinrecharge,which replenisheslower aquifersand

ultimately dischargesto Puget Sound.

4. Some of the groundwater rechargewill be retained as storage duringwinter
monthswhen the water table is rising;this water is releasedfrom storage

during the summerwhen water levels are falling.

5. Wetlands representedin Block4 may be sustained by one or a combination

of precipitation, runoff, inte_ow, and groundwater discharge.

The existingwater balance is calculated as an average for the year, and on a
month-by-month basis,usingaverage annual and monthly precipitatJon data.

H_nCrow,er Page B-3
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Post.ConstnJction Conditions

The water balance model is adjusted to represent post-constructionconditions
in which the embankment hasbeen constructedon part of the original profile

(see Figure13-I(b)). in the model, the embankment is represented asan
addi'donalsub-blockconsislJngof airport (ill, placed above the existing land
surface.Precipitationon the airport fill issplitinto evapotranspiration,runoff,
inter_ow, and percolation.Approximately90 percent of the percolation enters

the drainagelayer and is removed asdrainageoutflow. Approximately 10
percent of the deep percolation through the new embankment fill isassumed to
passthrough the drainagelayer and into the underlyinggroundwater system,

based on the contrastin hydraulic conductivitybetween the drainage layer and
the underlying soil

Pre-constructioninterflow in the soil layersbeneath the embankment fill will be
replaced,as a resultof constructionof the embankment. The/viSE wall will

include a wide zone of permeable material nearthe wall face, allowing all

inte_ow in the new fill to enter the drainage layer (see FigureB-1). Interflow in
the 2H:1V embankment isa[so assumedto enter the drainage layer (see Figure
B-2).

Outflow from the drainagelayer is applied asrechargeto Block4 in each of the

embankment profiles.Thismay be achieved in practice by installing a variety of
differentinfiltration _cilities near the embankment toe, as outlined in the main
text of this report.

Model Results

Water balance models were prepared for two representativecrosssections
through the proposed embankment: the Wetland 37 MSE Wall (between

Stations175+00 and 185+00) and the typical2H:IV embankment (between
Stations 185+00 and 215+00).

.Overall Water Balance

At the MSE wall location, the water balancemodel shows that the overall

precipitationon the crosssection is dividedup as follows:

Hart Cfow|er
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FiqwComponent _

Evapotranspiration: 42.0% 38.2%
SurfaceRuno_ 15.5% 26.7%
Interflow: 8.0% 1.5%

Shallow Groundwater Flow: 10.1% 12.6%

Deep Groundwater Recharge: 24.3% 21.0%

EvapotransDirationis reduced,the main increaseisin the form of runoff.
Interflow and deep percolationcaptured by the drainage layer is re-infiltratedto

increasegroundwater flow. The drainage-layeroutflow represents 11.3 percent
of the overallwater balance for the crosssection.Comparable resultsare
obtained at the 2H:lV embankment location, where the precipitation is divided

up asfollows:

Pr_-Construction

Evapotranspiration: 42.1% 38.7%
Surface Runoff: 14.9% 27.0%
Interflow: 10.9% 1.2%

ShallowGroundwater Flow: 9.6% 11.7%

Deep Groundwater Recharge: 22.4% 21.3%

The increasein groundwater rechargeis achieved by re-infiltrationof water

flowing from the drainage layer. Drainage-layerflow represents12.8 percent of
the overallwater balance.

Se___onal Chan,qes in Groundwater Recha_, e

Figures11 and 12 in the main report depict the variation in groundwater
rechargeon a monthly basisthrough an averageyear, for the two crosssections
describedabove. The pre-constructionrechargecurvesreflect the seasonal

changes in precipitation from winter to summer.

The bestconditions for re-infiltrationof drainage-layerflow to create additional

groundwaterrechargeoccur duringthe summermonths, when groundwater
levelsare low. However, drainflow ratesare at their lowest during this period,

allowingall the drainflow to be recharged.During the winter months, when

groundwater levelsare higher,rechargewill be lesseffective, but excesswater
will be availablefor recharge,due to higher ratesof seepage into the underdrain.

Any water that cannot be rechargedwill overflow the recharge system,and flow

through constructedswaiesinto the wetlands as overland flow. Depending on
the levelsof soilsaturationin the wetland, some of the excessflow may
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infiltrate;some will be lostby eva,ootranspiration,and some will run off as
overlandflow to/vtiller Creek.

Implications for Wetlands

Wetlands located beyond the toe of the embankment (off-sitewetlands) are

sustainedby one or a combination of water sourcesincluding:

• Precipitation;
• Runoff;

• interfow or dischargeof perched groundwater;and
• Croundwater discharBefrom the ShallowRegional Aquifer.

In qualitative terms, the findingsof the water balancemodel indicate the
following:

• The amount of precipitation falling on off-sitewetlands will not be affected

by embankment construction.

• The amount of runoff suppliedto off-sitewetlands will change if
embankment constructionoccursin the catchment area above the wetland.

Existingrunoff from upslopeareaswill be eliminated as the embankment
and new stormwater facilitiesare constructed.For the off-sitewetlands, this

source of water will be replaced by flow from the underdrain system during
the winter months.

• Off-site wetlands suppliedby interflow or seepageof perched groundwater

may see a change due to embankment constructionabove the wetland. Off-
sitewetlands will still be recharged by this mechanismalthough the volume
of interfow may change. Interfow to wetlands which are partially filled and

interfow to off-sitewetlandswill be replaced by seepage through the
underdrainand overflow from the swale constructedat the edge of the
underdrain.During the winter months,seepage from the perimeter swale
will infiltrateto create interfow to off-sitewetJands.

• Off-site wetlands supplied by groundwater discharge from the Shallow
Regional Aquifer will seean overall increasein flow asa resultof increased

recharge of water from the drainage layer.
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The analysisis basedon long-termaverage annualand monthly precipitation
rates. Natural variationin precipitation form month to month and year to year
will produce differing results.
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APPENDIX C

BORROW AREAS 1, 3, AND 4 -
PROJECTED IMPACTS TO WETLANDS
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MEMORANDUM

DATE: December 8, 2000

_CS,'C -

TO: Ralph Wessels, Port of Seattle

FROM: Reese P. Hastings and Michael J. Bailey, P.E., Hart Crowser, Inc.

RE: Third Runway Project, Borrow Areas 1, 3, and 4 : ..... :

Projected Impacts to Wetlands

}-4978-06

CC: Marti Louther and James C. Kelley, Ph.D., Parametrix, Inc. De_,_

J.Thomson, P.E., HI_I"B

On.Site Borrow Activities
FatrDanks

This memorandum quantifies the potential impacts to wetland resources resulting from

development of Borrow Areas 1, 3, and 4, and an on-site haul route for use in the

construction of the Third Runway embankment. Completion of the Third Runway

embankment will require about 17 million cubic yards of compacted earth fill. Use of J..... c,,_

borrow sites owned by the Port of Seattle (Port) to provide this material will significantly

reduce air quality and local traffic impacts associated with haulage from off-site sources.

The Final Environmental impact Statement (FEIS)(prepared for Sea-Tac International
Juneau

Airport's Proposed Master Plan update development actions) discussed development of

construction fill material borrow areas from eight identified sources within property

controlled by the Port. Based on several factors (wetlands impacts, material types,

operational costs) the Final Supplemental Environmental Impact Statement (FSEIS) indicated

that four of these eight on-site resource areas could likely be used to extract a maximum Lonpeeach

quantity of 15.45 million cubic yards of fill material. Further study by the Port has focused

on the Borrow Areas designated 1, 3, and 4, which are proposed to provide a combined

total of 6.7 million cubic yards. Figure 1 - Site Location Map shows the location of Borrow
Areas 1, 3, and 4.

Portland

Original resource estimates for two of these borrow areas have been revised in an effort to

minimize the potential impacts on wetland resources delineated therein. The decrease in

7C,I_ Falrtle_? l*veFu_ Ea$" _eattle

Sea:t,_= V_asn,r'9_o,"98102-3699
Fa., 23_.328 55SI

Te 20;. 324 9530
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the potential impacts to wetland resources and the decline in the resource estimates are
described below.

Borrow Area 1

Borrow Area 1 is located less than a mile south of the Airport's 34 R runway. It consists of

approximately 121 acres situated northwest of South 216th Street and 24th Avenue South.
The area is bounded by these streets to the south and east, respectively, and on the north

and west sides by the Des Moines Creek Park and the proposed Washington State

Department of Transportation (WSDOT) SR-509 extension right of way. Borrow Area 1 is

located in the City of Des Moines and City of SeaTac.

Engineering estimates conducted in 1994 supporting the FEISand FSEISindicated that the
borrow material resource consists of glacially deposited, slightly silty to silty sands and

gravels. Volumetric estimates presented in the FSEISindicated that 6.6 million bank cubic

yards (BCY- volume unit of soil in place, prior to excavation) of material were available fi'om

Bor;ow Area 1. Changes in site development conditions and the adoption of wider buffers

(perimeter, stream) have resulted in this figure being adjusted. Estimates were revised in

1_98 and indicate that _is area still has the potential to generate substantial quantities of fill,

and if fully utilized, it would produce approximately 4.8 million BCY of borrow material.

Figure 2 shows the conceptual end of mining topography for the area based on full
utilization.

There are 1.83 acres of wetlands within Borrow Area 1, some of which can be avoided

without significantly diminishing the available borrow resource (as discussed below).

Examination of Figure 2 shows how the current full utilization development plan will avoid

several perimeter wetlands, and how it will utilize a 200-foot setback to avoid the Des

Moines Creek drainage system. Post-extraction topography would drain toward the creek

through approved erosion, infiltration, and sediment control structures constructed along

the western margins of the excavation.

Under the Port's currently proposed development alternative to avoid impacts to wetlands

and enhance site infiltration and off-site drainage to Des Moines Creek within or adjacent to

the western margins of Borrow Area 1, approximately 4.3 million BCY of borrow material
would be available. The resource reduction from 4.8 million BCY to 4.2 million BCY was

done specifically to avoid impacts to off-site wetlands. Figure 3 shows how this alternative

would be contoured to infiltrate or drain precipitation naturally through existing wetlands,

draws, or ravines into Des Moines Creek and adjacent wetlands.
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Borrow Area 3

Borrow Area 3 is located south of the Airport's 34 L runway, in the City of SeaTac. It

consists of approximately 60 acres, bounded on the north by South 200th Street, and to the

east by 18th Avenue South and the WSDOT fight of way. The resource consists of glacially

deposited, slightly silty to silty sandsand gravels. Borrow Area 3 contains 2.35 acres of
wetlands. Full utilization of the available resource would produce approximately 1.5 million

BCY of borrow material for use in the construction of the Third Runway embankment (see

Figure 4). Under the Port's currently proposed development alternative to avoid impacts to

all the wetlands in Area 3, approximately 1.0 million BCY of the borrow resource would be

available (see Figure 5). The resource reduction from 1.5 million BCY to 1.0 million BCY was

done specifically to avoid impacts to on-site wetlands. Material extraction would be

conducted in a manner that would preserve local hydrologic seepage thought to support

Borrow Area 3 wetlands (see Hart Crowser, 2000).

Borrow Area 4

Immediately north of Borrow Area 3 and approximately 1, I00 feet south-southwest of the

runway is Borrow Area 4 (see Figure 4). The site comprises an area of approximately 36

acres and is located west of th.e Tyee Golf Course. ;t is bounded to the south by South

200th Street, to the east by 18th Avenue South, and to the north by South 196th Street. The

resource geology has been identified as being generally similar to that of Borrow Area 3. No

wetlands exist in Borrow Area 4. Full utilization of the available resource will produce

approximately 1.5 million BCY of borrow material for use as embankment fill.

Conceptual Truck and Conveyor Haul Routes

Transfer of borrow materials from the above-named sources wili be accomplished by truck

or conveyor haulage. Conceptual haul route alternatives have been laid out to avoid

wetlands impacts and to avoid conflicts with future construction of the proposed regional

detention facility (RDF) to be located within the existing Port-owned Tyee Golf Course.

Figure 6 shows conceptual haul routes across Port property consisting of the Tyee Golf

Course and the southern airport roadway system, to transport materials from Borrow Areas

1.3, and 4 as presented in the FSEIS.

Three conceptual haulage mechanisms were evaluated: conventional or heavy mining truck

haulage using a dedicated haul road on Port property; and a material conveyor system

aligned along a similar route with a dedicated service road. The truck and conveyor routes
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are aligned primarily to avoid wetlands and accommodate industry-standard tuming radii

and roadbed grades (trucks set at <8%, conveyor set at <15 °) suitable for the selected haul

method (see Figure 6).

Haul routes would cross existing City of SeaTac streets (18th Avenue South and South

200th Street) at grade or via grade-separated crossings depending on selection of a

preferred haul method and outcome of future studies. Haulage within the City of Des

Moines would utilize existing streets or dedicated routes again depending on selection of a

preferred haul method. Haulage across South 18Bth Street is anticipated to utilize a grade

separation (special purpose bridge) regardless of which haulage method is selected.

The conceptual haul routes utilize similar terrain traversing along the eastern edge of

Borrow Area 3 north toward South 200th Street, crossing onto the southeastern corner of

Borrow Area 4 before heading northeast across the Tyee Golf Course toward the airport_.

Conceptual haul route alignments across the Golf Course have been laid out to avoid

wetland impacts. Once the routes reach the central portion of the golf course, they extend

along the southeastern berrn of the proposed Des Moines Creek P,DF, cross Des Moines

Creek, and then turn north in a parallel course next to the runway approach light towers. At

the southern toe of the runway embankment, the routes ascend the grade to connect into

the existing airport roadway system situated on the west flank of the 34 R runway

embankments. The routes then follow the southern edge of South 188th Street westward to

a point where a proposed new bridge crossing structure will connect the haul route to the

existing airport roadway system on the north side of the street. The haul route will then

follow existing roadways along the western edge of the airport to the embankment
construction site.

Borrow Development - Potential Impacts to Wetland

Wetland delineation efforts conducted throughout 1998 and 1999 identified the wetland

resources indicated on Figures2 and 4 within Borrow Areas 1 and 3. Delineation efforts

have not identified any wetland resources within Borrow Area 4. Of the wetlands delineated

within the Tyee Golf Course, only those adjacent to the conceptual haul route are shown

on Figure 6. The areal extent of wetlands in each borrow area and the golf course that could

be potentially impacted by borrow material development and hauling activities are
summarized in Table 1.
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Borrow Area I

Full development of construction materials from Borrow Area 1 would likely impact

approximately 1.40 acres of the 1.83 acres of wetland delineated for this site. However, the

proposed approach to developing Area 1 as depicted on Figure 3 would minimize these

impacts to 1.03 acres or less, and facilitate on-site infiltration and free drainage of direct

precipitation and surface runoff into Des Moines Creek and the adjoining wetlands located

on the parcel adjacent to and west of Wetlands 15a and 48. Excavation in these five

wetlands (B-l, 13-4,13-15a/b, 32, and 48) will be avoided by configuring the borrow site

boundary and mined slopes a minimum of 50 feet away from wetland edges.

Potential impacts to Wetland B-15a/b and 48 would be completely avoided by not having

any material extraction activities from the area west of 20th Avenue South. The portion of
land west of 20th Avenue South would be managed to preserve the overland flow, which

contributes, in a limited manner, to the perched wetland hydrology supporting these two

flat-lying wetlands. Potential impacts to Wetlands B-l, 13-4,B-15a/b, 32, and 48 will also be

avoided through the use of 50-foot buffers. No borrow material extraction would occur
within the wetland buffer.

It will not be practicable to avoid the remaining wetlands in Borrow Area 1 because:

• The preservation of the wetlands would render the resource impracticable to mine; or

• Mining the resource would completely remove the upgradient source of water

sustaining the wetland.

Borrow Area 3

Full development of Borrow Area 3 would impact the wetlands delineated within the area

boundary. However, the proposed approach to developing Borrow Area 3 as depicted on

Figure 5 would avoid these impacts. As explained Hart Crowser October 20, 2000, memo,

hydrogeologic studies indicate the source of water feeding the Borrow Area 3 wetlands will

remain intact given that surface drainage and perched seepage systems immediately

upgradient will remain undisturbed and seepage adjacent to Wetland 29 will remain

unimpaired. As noted above, avoiding the wetlands would still allow development of a

substantial volume of construction material from Borrow Area 3. Where mining intercepts

surface seepage in areas immediately to the north of these wetlands, a collection and

conveyance system in the form of a drainage swale will help ensure that an adequate

AR 048362



U ...... - .......

Port of Seattle }-4978-06

December 8, 2000 Page 6

amount of water from these areas will supply of water to nearby wetlands Figure 5 (Hart

Crowser, 2000).

The haul route has been aligned through Borrow Areas 3 and 4, and the Tyee Golf Course

with the goal of avoiding or minimizing the potential for impacts to wetlands:

• Wetlands delineated in Borrow Area 3 would not be impacted by the construction and

operation of the conceptual means of haulage; and

• Wetlands delineated within the confines of the Tyee Golf Course have been avoided.

Mitigation

in addition to avoidance of wetland fill or excavation, other mitigation activities that will

minimize indirect wetland impacts arisingfrom borrow development or haulage will

include:

• Conduct material extraction during the summer season and maintain site drainage

through use of TESC measures throughout the winter rainy season;

• Use of 50-foot-wide undisturbed buffers around delineated wetlands;

• Preservation of water recharge source areas upgradient of wetlands;

• Construction of a drainage swale to maintain seepage flows to wetlands in Borrow Area

3;

• Use of berms or other erosion protection to prevent ovedand flow away from wetlands

into excavated areas;

• implementation of TESC measures (berms, silt, fencing, hay bales, drainage control

swales, ponds, recontouring, etc.) within the borrow and haul areas to protect wetlands

from storm water impacts; and

• Modification of mining methods (borrow area bench layout, slope stabiliw,

recontouring), and re-alignment of preferred construction material haul routes (side-cast

materials, road maintenance).
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Borrow Area 1

Mitigation of potential impacts in Area 1 will include modification to the conceptual post-

mining contours along portions of the southern, western, and eastern perimeter. Use of a
50-foot-wide undisturbed buffer around five wetlands (B-l, 13-4,B-15a/b, 32, and 48) would

insulate the wetlands from activity related to borrow material developmenL (see Figure 3).

Borrow Area 1 operations can be completed without disrupting the upgradient source of
water needed to sustain these wetlands, for example, near Wetlands B-15a/b and 48,
borrow material extraction activities have been shifted over 200 feet to the east.

Mitigation will also include the use of a stream setback averaging 200 feet to protect Des
Moines Creek from the potential impacts of borrow development activities. Excavation

along the stream buffer areas would allow borrow area bench layout and recontouring
measures to provide for adequate positive drainage or infiltration from the extract.ion areas

to the east. This combined approach to on-site infiltration and,off-site drainage is required to

prevent water from accumulating in the borrow area for significant periods of time.

Borrow Area 3

Mitigation of potential impacts to wetlands in Borrow Area 3 will rely upon the combined

effect of avoidance and mitigation incorporated into the alternate development scenario

portrayed on Figure 5.

The preferred plan for excavating borrow materials from Borrow Area 3 (identified as

Alternative 2) would preserve the wetlands by maintaining S0-foot-wide undisturbed buffer

zones around the wetlands, and by not mining in any areas that directly contribute surface
water or groundwater flow to the wetlands. Borrow development would include

construction of a drainage swale to convey seepage and precipitation into Wetland 29 that

might reach this wetland by lateral flow mechanisms from the perched seepage zone to the

north. Proposed mining would not impact up gradient flows into this wetland. The water

conveyed by this drainage swale into Wetland 29 would mitigate potential indirect effects

of mining north of this wetland (Hart Crowser, 2000). Mining would not affect seepage

draining from Wetlands B-10 and 29 south and east through Wetlands B-5, B-6, B-7, and B-9
and Wetland 30, by virtue of their locations on the slopes above the mined areas.

Mining will occur to elevations that are no more than 1 to 2 feet below the base elevations

of the nearest adjacent wetlands as shown by the proposed end of mining topography on
Figure 5. Given that these wetland experience significant losses by percolation through

permeable soils beneath the wetlands, and that seepage from upgradient source_ will

remain uninterrupted, mining will not materially affect the hydrology of the wetlands.

Mining will be confined to a zone north and east of the wetlands, leaving the primary

wetland water source areas in the southwestern portion of the site generally undisturbed.
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Haul Routes

The haul route alignment was developed to avoid wetland impacts, to the maximum extent

practical. Mitigation of potential impacts arising from hauling activities would consist of
TESC measures near wetlands or buffers. The routes laid out for both the truck or conveyor

options will have some minor temporary impact on riparian Wetland E, where the haul
route must cross Des Moines Creek (see Table 1 and Figures 6 and 7). The proposed

conceptual haul route alignments go around Wetlands G-l, G-2, and G-3, entirely avoiding

any impacts by utilizing existing roads. Aside from the steam crossing, the routes maintain a
minimum buffer distance of 50 feet, except in the vicinity of Wetland G-3 (on the west side

of the 34 R runway embankment), the routes maintain a minimum buffer distance of 50

feet, see Figure B.

In that single location, the haul route would come within 20 to 30 feet of the northeastern

tip of this wetland (see Figure 8). The potential for sedimentation or water quality impacts
to this wetland from hauling activity in this area would be avoided by the installation of silt

fencing, berm and a drainage ditch along the outside shoulder of the road, and other
appropriate TESC measures (storm water management ponds, etc.).

F:\d ocs_jobs\497806\spokanememo_ wetlands )fin-rph.doc

Attachments:

Table 1 - Summary of Potential Wetland Impacts for Borrow Areas 1, 3, and 4 and
Conceptual Haul Routes

Figure 1 -Site Location Map
Figure 2 -Conceptual End of Mining Topographic Map for Borrow Area 1

Alternative 1 - Full Utilization

Figure 3 - Conceptual End of Mining Topographic Map for Borrow Area 1
Alternative 2 - Avoidance of Wettand Impacts

Figure 4 -Conceptual End of Mining Topographic Map for Borrow Areas 3 and 4
Alternative 1 - Full Utilization of Borrow Area 3

Figure S -Conceptual End of Mining Topographic Map for Borrow Areas 3 and 4
Alternative 2 - Avoidance of Wetland Impacts

Figure 6 - Proposed Haulage Routes Map
Figure 7 - Details of Proposed Haulage Routes
Figure 8- Borrow Area Haul Route Representative Cross Section

At Closest Encroachment Wetland (Sta H+59.5)

References:

Hart Crowser, 2000. Memo, Sea-Tac Third Runaway - Borrow Area 3, Preservation of
Wetlands.

J-497B-06, October 20, 2000.
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Table 1 - Summan/of Potential Wetland Impacts for Borrow Areas 1, 3, and 4 and Conceptual Haul Routes

BORROW AREA I

Area Impacted Area
rWetland in Acres in Acres Comments

JB-I 0.27 0 Impacts avoided
B.4 0.07 0

3Z 0.09 0

B-15a O.19 O.19 Mining wilt temporarily alter buffers, wetland, and
48 0.14 0.14 surface water sources
B-11 0.18 0.18 Impacts unavoidable, mJnln8 will eliminate

B-12 0.07 0 upgradiem sources of water

13-14 0.78 0.78
B-15b 0.02 0.02

TOTAL 1.81 1.31

BORROW AREA 3

Area Impacted Area
Wetland in Acres in Acres Comments

IB-1 0.02 0 Impacts completely avoided with

IB-5 0.08 0 Mining Alternative 2
_B..6 0.55 O

iB-7 0.03 0

iB-9 0.05 0

29 0.74 0

30 0.88 0
TOTAL 2.35 0

CONCEFTUAL HAUL ROUTES (DES MOINES CREEK CROSSING)

Area Impacted Area
Wetland in Acres in Acres Comments

TrucWConvevor

E 0.07 0.03/0.01 ImIoactdepends on selected haulage method
TOTAL 0.07 0.03/0.01

497800/impactwettand_6nmh.xis
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APPENDIX D

PRESERVATION OF WETLANDS IN BORROW AREA 3
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MEMORANDUM

DATE: October 20, 2000

Bosro_

TO: jim Thomson,HNTB

FROM: Michael A.P.Kenrick,P.E.,andMichael J.Bailey,P.E.,Hart Crowser

RE: Sea-TatThird Runway - BorrowArea 3 cn,cago
Preservationof Wetlands

J-4978-06

D_nver

As requestedby the Portof Seattle,thismemo andthe attachedfiguresprovide conceptual
designandsupportinginformationfor the proposeddrainageswaleto protectwetlandsin
Borrow Area3. We also providea brief explanationof the hydrologythatsupportsthe
wetlands,includingwhy excavationof Borrow Area 3 will not drain thesewetlands. Figure Fa,r_anks
1 showsthe locationof BorrowArea3 to the southof Sea-TacAirport.

REVIEW OF BORROW AREA 3 WETLAND HYDROLOGY Je,,, C,,y

The firstsectionof thismemo providesa review and explanationof the hydrology that
currentlysupportsandsustainswetlandsin BorrowArea 3. Understandingthesehydrologic
factorsis important in ensuringthe long-termpreservationof the wetlandsduringandafter Juneau

excavationof the fillmaterialscontainedinBorrowArea 3.

Factors Promoting Preservation of the Wetlands

Existingwettandsandcurrenttopographyin BorrowArea 3 are shown on Figure2; the Lon9Be,c_
proposedarea of miningandresultingcontoursfor final excavationare shownon Figure3.

Theseriesof wetlandsmappedin BorrowArea 3 follow a line of shallowdepressionsin the
southcentralpart of thesite,extendingto the southeastfrom Wetland 29 throughWetlands Portend
Bg,30, B7,B6,andB5. Thesewetlandsexistin an area of relativelypermeablesubsoils
wherethe maingroundwatertableisat a depthof 10 to 15 feet below the wetlands. Depth
of the water tableindicatesthe wetlandsare supportedby othersourcesof water. The
sourcesof waterappearto includesurficialrunoffand shallowinterflow,aswell as

Seattle
1910 Fasrwew Avenue East

Seattle. Washington 98102.3699
Fax 206.328,5581

Tel 206.324.9530
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groundwaterseepageoccurringfrom a perchedzone above the mainwater table that
dischargesin the areaof Wetland 29. Observationwellsin the area indicatethe perched
zone doesnotcontributeflow directlyto the otherwetlandsbut, by extension,flow from

Wetland 29 appearsto passalongthe lineof wetlands,to eachwetland in turn.

The key factorsfor sustainingwetlandhydrologyin BorrowArea3 are (1) ensuringthe
continuedsuppl.vof waterand (2) preventingthe unduelossof water from the wetlands.
Wetland hydrologyistypicallysustainedby a combinationof hydrologicprocesses,as
shownschematicallyon Figure4. The processessupportingwetlandhydrologyinclude

precipitation(P),groundwaterflow (GW) andspringseepage(Sp),runoff (RO), and
interflow(IF). Otherprocessessuchasevapotranspiration(Et)and deep percolation(DP)
leadto the potentiallossof waterfrom wetlands. Where wetlandsexist,it can be assumed
that the sourcesof waterexceed the losses,for at leasta largepartof the year.
Maintenanceof the watersources,without increasingthe losses,shouldensurepreservation
of the wedandsin perpetuity.

One of the mainconstraintsonwetland developmentin the areais the relativelyhigh
permeabilityof thesurficialsoils. In agriculturalterms,the surficialsoilsare identifiedto be
part of the lndianolaseries(USDA, 1973) and are characterizedasbeing *excessively
drained"with "rapid permeability."Thisisconsistentwith the predominantsoilmaterialin
Borrow Area 3 beingstratifiedglacialdrift, whichis primarilysand and graveloutwashwith
varyingamountsof siltin a predominantlygranularmatrix.

The overallapproachfor maintainingwetlandsin BorrowArea 3 focuseson preservingor
enhancingthe existingsourcesof water, and ensuringthat no additionallosspathwaysare
created.

Wetland 29

Wetland29 isuniqueinthat it occurson a hillside(see Figure.3). Itsexistenceis
attributableprimarilyto a continuoussupplyof groundwaterthat seepsfrom the hillsideat
thispoint. Investigationof subsurfaceconditionsat Borrow Area 3 linksthisarea of seepage
witha laterallycontinuouszone of perchedgroundwaterthat extendsto the northandwest,
behindWetland29 (Hart Crowser,1999, see referencelistfollowingthe text of thismemo).
In hydrologicterms,the wetlandoccupiespart of a surfaceseepagedischargearea for
groundwaterflowingthroughthe perchedzone, as illustratedin the crosssectionon Figure
4. Part of the seepagefromthe perchedzone flowsintoWetland 29, the restof the
seepage from the perchedlayerdoesnotappear elsewhereon the surface,so isassumedto
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percolatedown intothe shallowregionalaquifer inthe easternpartof the sitewhere the
perchinglayerhasbeenremoved by erosion.

The proposedborrowarea excavationto the eastof Wetland29 (Figures3 and 4) will not
interferewith the perchinglayer behindor beneaththe wetlandandwill, therefore, have no
directeffecton the continueddischargeof groundwaterfromthe west. An analysisof

groundwaterflow potentiallydiverted from Wetland 29 (Hart Crowser,2000) indicatesthat
excavationcouldchangethe seepagegradientand resultina decreasein flow to Wetland
29. Mitigationto addressthispotentialchangeis discussedbelow.

Althoughthe baseof the BorrowArea 3 excavationwill be lowerin elevationthanmost of
Wetland29, excavationwill occur inpredominantlypermeablesoilsthat are above the

water table. These existingpermeablesoilsalreadyprovidea drainagepathway forseepage
lossesfrom the wetlands.The persistenceof the wetlandsdespitethe presenceof
permeablesoilsanda relativelydeepwater tabledemonstratesthatwetlandswill not be
drainedby the adjacentexcavations.

Other Wetlands

Water in Wetland29 isprimarilylostby percolationto the underlyingaquiferand
evapotranspiration.A portionof the water flowingthrough Wetland29 isinferredto move
downslopeas interflowor shallowsubsurfaceflow to feedsuccessivewetlandsthat trend

southeastwardfromWetland 29, occupyinga seriesof shallowdepressions(seeFigure3 -
note thatthisflow isout of the planeof the crosssectionon Figure4). This inferenceis
basedon the topographicpositionof the adjacentwetlandsandthe absenceof other
sourcesofwater. Flow appearsto move from one wetlandto the next,and somewater is
likely lostasdeeppercolationinto the permeablesubsurfacesoilsthat underliemostof the
site,includingthe wetlands.Some additionalwater probablycomesassurface runoffor
interflowfrom thesurfacecatchmentsfeedingeachwetland.

Accordingto theWetland DelineationReport(Parametrix,1999) andsupportingFieldData
Sheets,the wetlandsin BorrowArea 3 typicallyfeature10 to 12 inchesof "black muck" - a

fine-grainedrichlyorganicsoil thatappearsto help the pondingof water in the wetland,and
likely retainssaturationof the root zone ratherthanallowingmuch of the water to percolate
downward. The conceptis illustratedon Figure5, which isa crosssectionthroughWetland
30.

Note thatWetlands30, B7,B6, andB5 appearto existbeyondthe mainperchinglayer. It is
possiblethatthesewetlandsformed on locallysilty(lesspermeable)zonesin the
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predominantly granularsoil,promotingshallowperchedconditionsthatsustainthewetland
hydrology. As evidence of this, Wetland B7 is reported to have a seasonally high water
table that would be 10 to 1.5feet above the main groundwater table in the underlying

relatively permeable shallow regional aquifer. As a resulL excavation of the perching layer

northeast of Wetland 29 would not have any direct impact on the other wetlands in Borrow

Area 3 provided flow into Wetland 29 is maintained as described below.

Proximity of Excavations

The Port proposes that excavations of Borrow Area 3 (see Figure 3) will leave at least a 50-

foot buffer around the wetlands. Excavation to the east of the wetlands will proceed to

approximate elevation 233 to 235 feet, whereas the wetlands themselves are at

approximate elevations 236 feet (Wetland 30) and 235 to 238 feet (Wetlands B6 and B7),

see Figures5 and 6. The hydrology of these wetlands will not be adversely impacted by the
excavations because:

• The wetlands already exist over permeable subsoils;

• The buffer will be retained, preventing any lateral "short circuit" flowpath that could

divert water from the wetlands and into the borrow site excavation; and

I_ Base elevations of the proposed excavations are at most only a foot or two lower than

the lowest point in these adjacent wetlands.

Wetland B5 is at about elevation 230 feet, well below the proposed excavation. Wetlands

B9 and 29 are upslope of the proposed excavation and would be protected against any

potential loss of water by the proposed mitigation discussed herein. Wetland B10 is

upslope of the perched zone and, therefore, would not be impacted by changes in perched
zone flow.

Potential Loss of Surface Flows

in some areas of the buffer zone between the wetlands and the proposed excavation, there

may be localized low spots that provide a potential pathway for overland flow to occur from

the wetland into the excavation at periods of exceptionally high water levels. If erosion

occurs during periods of high water in the wetlands, formation of gullies could divert

increased surface flows from the wetlands into the excavations. Erosion will be prevented

by preserving existing vegetation in the wedand buffer areas and revegetating the excavated

area in accordance with Washington Department of Natural Resources reclamation criteria.

However, if erosion threatens the wetland floor, mitigation could easily be accomplished.
The Port has proposed a period of wetland monitoring following excavation of the borrow
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site. If necessaw during or after excavations, berms or other erosion protection will be

constructed outside the wetland buffer and on the edge of the excavations to prevent

overland flow occurring from the wetland depressions into the adjacent excavation. This

element of the mine plan will depend on field surveying for elevation control of the land-

surface profile along the buffer zone, reclamation of the site to a sable condition, and

monitoring after reclamation, which the Port has already committed tO.

DRAINAGESWALEDESIGN

The remainder of this memo addresses the design of a drainage swale that will provide

additional water to Wetland 29 to replace the potential loss of seepage from the perched

zone.

As described in Hart Crowser (2000), groundwater modeling suggeststhe possibility that

mining will produce a small change in the groundwater flow regime within the perched

zor_e that feeds Wetland 29. Modeling suggests increased drawdown in the perched zone

due to excavation in the Borrow Area 3 (see Figure 3) could cause a shift in the seepage

gradient. This change in gradient could reduce groundwater flow by a maximum of about

20 percent of the current flow to Wetland 29, or about 400 _/day (roughly 2 gallons per

minute). The Port proposes to mitigate this potential indirect impact by collecting'

groundwater seepage in a swale along the western slope face of the excavation (see Figure

3) and diverting this to Wetland 29.

Overall Concept for Drainage Swale

The proposed drainage swale is designed to collect groundwater seepage from the

excavated slope face on the north and west sides of Borrow Area 3, as depicted on Figure

3. The groundwater seepage represents natural flow from the perched zone that is forced

to discharge at the cut slope face, as described in detail in Hart Crowser (2000). The flow

will be collected and conducted southward in a swale that drains into Wetland 29. Grades

along the swale are expected to be between about 1 and 2 percenL A schematic profile

along the drainage swale isshown on Figure 7. Modeling shows there is about 2,400

ft3/'day of groundwater flow available compared to projected maximum loss to Wetland 29

of 400 ft'/day (Hart Crowser, 2000). There is more than enough seepage flow available to

make up any loss in the natural perched zone groundwater flow to Wetland 29.
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Adaptive Design Approach

The detailed design and construction of the drainage swale will be modified as needed to

take account of field conditions revealed during the excavation of Borrow Area 3. For

example, the swale could be lined with HDPE (see Figure 6) if needed to prevent lossof
flow in the event soilsencountered during construction are more permeable than indicated

by the borings. Design, construction, operation, and maintenance issuesare described
under the following headings.

Typical Cross Section

The typical cross section for the proposed drainage swale is shown on Figure 6(a). This

cross section presupposes that a sufficient thickness of natural low-permeability soils (the

lateral extension of the perching layer) will be present in the upper part of the bench holding

the swale.

Prevention of Leakage

To allow for potential variability in the surface elevation or thickness of the perching zone,

the design assumes the invert of the swale may extend below the base of the perching

horizon in places, in order to maintain the design slope of 1 to 2 percent. If the perching
horizon is thin or even be eroded away in places, this will be revealed as excavation of

Borrow Area 3 occurs and the intersection of the perching layer with the final cut slope

becomes visible. In the event that field mapping during excavation shows insufficient low-

permeability soil is present to form the required subgrade for the unlined drainage swale,

the swate grade or alignment could be modified, and/or an impermeable lining (protected

by gravel) would be used in the base of the swale to prevent seepage loss, asshown on

Figure 6(b).

Control of Excess Flows

The position of the drainage swale at mid-slope around the northern and western sides of

Borrow Area 3 will cause the swale to collect surface water runoff during high precipitation.

Some precipitation upslope of the swale is likely to infiltrate but may appear as shallow

interfiow or perched water and contribute to seepage in the swale. Also, if constructed to

its full length asshown on Figure 3, the swale is expected to collect more than enough

groundwater seepage to make up for the projected maximum toss in flow from Wetland 29.
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Two measures are available to deal with these anticipated excess flows:

1) A flow-control structure will be constructed in the course of the swale before it enters

Wetland 29 (see Figure 9); and

2) The length of the swale can also be modified (at time of construction, or after some

period of post-construction monitoring) to control the amount of seepage (and runoff)

that is collected and diverted to Wetland 29.

The proposed flow control weir or diversion structure will be designed to provide a

consistent low flow of seepage into Wetland 29 and enable diversion of excess flow in the

drainage swale away from Wetland 29. The excess flow will be diverted along a channel

and into the base of Borrow Area 3, where it will infiltrate and/or be handled by the

stormwater facilities for managing runoff from the remainder of the borrow area.

The flow control structure will be constructed of reinforced concrete. As illustrated on

Figure 9, it will include a narrow flow slot at the lower elevation to enable a continuous low

flow from the drainage swale into Wetland 29. The second part of the flow control

structure will include a broad overflow weir that will allow water to spill over into a

diversion channel during periods of higher flow in the swale. Flow through both the narrow

slot and the broad weir will be controlled with adjustable boards asshown on Figure 9.

Flow to Wetland 29 will be fine-tuned during the initial maintenance period (following
construction) by adjusting the height of the boards placed in each part of the structure.

Final flow levels may then be fixed by replacing the boards with masonry at the end of the

monitoring period.

Construction

Construction of the drainage swale will be integrated with the mining and reclamation plan

for the excavation of Borrow Area .3. This will prevent over-mining of the perching layer in

close proximiW to the final slope contours for the excavation. Mining will progress from the

highest area of the site in the northwest part of Borrow Area 3, working down the slope and

reclaiming the upper part of the final cut slope as excavation proceeds. The perched zone

will be encountered as wet areas at the base of the working slope. Mining will then step in
approximately 20 feet to allow the bench for the drainage swale to be formed in the

perching layer beneath the perched zone.

The next stage will be to excavate within the bench width to cut the swale into the perched

zone and underlying perching layer. The bench will be cleaned off and graded to form the

swale, which will be constructed per the typical cross section. This will provide the
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opportunity to determine from field surveying the elevation, profile, and thickness of the

perching layer in the area of the final slope. The final design of the swale invert elevations
and cross sectionswill then be adjusted as required to best match subsurface conditions

and topography, facilitating final construction the swale at the required elevation on the

bench. Mining will then proceed into the lower part of the slope below the drainage swale.

Surface Protection and Reclamation

Reclamation of the borrow area wile be accomplished in accordance with Washington

Department of Natural Resources criteria and the Port of Seattle landscape plans. Once

final grades have been established, the drainage swale and adjacent slopes will be protected

from erosion using the same techniques demonstrated to be effective by the embankment

construction to date. The excavation slopes will be dressed and hydroseeded with a

bonded fiber matrix. The swale will be protected with erosion control matting until grass is

established as part of the post-excavation site reclamation.

Operation and Maintenance

Operation of the swale, and particularly the flow control structure, will require monitoring

and recordkeeping for an initial period of about two to five years. During this period, the

amount of seepage and operation of the flow control weir will be monitored. The weir

height may be adjusted to ensure stable and appropriate flows to Wetland 29, which are

consistent with plant and ecological requirements of the wetlands.
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Long-term operation and maintenance of the swale will be restricted to periodic (annual)

inspections of the facility to check the basic integrity of the swale and look for signs of

erosion or blockage that could require remedial work by Port grounds maintenance staff.

F:\d oo_obs\497BO6\DrafiWetlandPreservationSwaie.doc
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Figure 1 - Site Location Map

Figure 2 - Pre-Excavation Topography and Wetlands - Borrow Area 3 Perched Zone

Figure .3- Post-Excavation Topography and Drainage Facilities- Borrow Area 3 Drainage
Swale

Figure 4 - Cross Section A - A' through Wetland 29

Figure 5 - Cross Section B - B' through Wetland 30

Figure 6 - Cross Section C - C' through Wetland B6

Figure 7- Drainage Swale - Profile D-D'

Figure 8 - Typical Cross Sections E-E'- Borrow Area 3 Drainage Swale

Figure 9- Flow Control Structure Schematic - Borrow Area 3 Drainage Swale
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MEMORANDUM A_ncno,age

DATE: December 8, 2000

TO: Ms. Elizabeth Leavitt, Port of Seattle
BOStOn

FROM: Michael Bailey, P.E., Hart Crowser, Inc. _ _484 _,

RE: Proposed MSE Wall Subgrade Improvements _-

Seattle-TacomaInternational Airport l EXPIRES "Y'/°_ I _h,_.oJ.4978-06

CC: Jim Thomson, P.E., HNTB

Denver

In response to your request, this memo provides an update on design of the subgrade

improvements to support the mechanically stabilized earth (MSE) retaining walls for the

Third Runway embankment at Sea-Tac. Fairbanks

This memo describes why the proposed construction below existing ground level will have

no adverse impact to groundwater flow below the proposed MSE walls.
Jersey City

The basic design concept, construction approach, and subsurface conditions below the

proposed MSE walls are generally discussed in Appendix B in the Wetland Functional

Assessment and Impact Analysis document for the project, which includes Hart Crowser's

July 9, 1999, report entitled "Geotechnical Engineering Report, 404 Permit Support, Third Juneau
Runway Embankment." This memo provides additional detail based on subsurface

explorations and design work completed since july 1999. This memo provides a description

of the components used in the MSE wall foundation and the proposed subgrade soil

improvements, and why these constructed features will not impede shallow groundwater

flow that recharges Miller Creek and adjacent wetlands. LongBeach

MSEWallandFoundationComponents
Portland

Figure 1 shows a schematic cross section of the proposed MSE wall that will be constructed

to avoid relocating Miller Creek. The cross section, located at runway Station 178+60, is a

good section to use for illustration because it includes wetland soils and is near the

1910 Fairview Avenue East Seattle

Seattle. Washington 9BI02-3699
Fax 206.328.5581

Te/ 206.324.9930
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maximum height of the proposed wall. Figure 2 shows location of the cross section as well

as the extent of the proposed subgrade improvements in plan view for the west wall.

Figure 1 shows elements of the reinforced wall backfill zone and subgrade improvement
zone that are discussed in this memo. Construction elements that are related to

groundwater flow include the following:

Native Surficial Soils. This soft or loose to medium dense surficial soil unit consists of silty

sand with organics, interbedded silty sand, gravelly sand, and sandy sill and occasional

sandy clay. The surficial soils contain the shallow aquifer that recharges Miller Creek and

the adjacent wetlands. The seasonal groundwater level is near to, and locally slightly above

the ground surface in this area, as indicated by Hart Crowser's monitoring wells and

observations of shallow puddles in the wetland and overland flow from the east during the

late spring. The surficial soils vary, from about 10 to 20 feet in depth in this area. These
surficial soils are not suitable to provide structural support of the proposed MSE wall.

Glacial Till. Underlying the surficial soils is glacial till or other hard glacially overridden soils

that consist of very, dense silty sand and hard sandy silt, with varying amounts of gravel. This

soil unit will provide very good foundation support for the proposed MSE walls.

Reinforced Fill Zone. The proposed MSE wall is constructed of concrete facing panels

connected to strips of steel reinforcing that extend back into the wall backfill behind the

wall. Both the panels and the reinforced backfill are embedded below the surface of the

new fill in front of the wall, to provide support for the wall. Depth of embedment is

depends on the wall height and ground slope; in this area, it will be about 8 feet.

Subgrade Improvement Zone. The reinforced fill and MSE wall facing will be supported on

soils which are adequately strong and non-compressible, to transfer the weight of the wall to

the underlying glacial till. There are two types of subgrade improvement that may be used

where the existing surficial soils need to be "improved" to provide this support;

• In areas where the depth of subgrade improvement is relatively shallow, existing soils in

the subgrade improvement zone can be removed and replaced with compacted
structural fill.

• In areas where the soils that need improvement are more than a few feet thick,

subgrade improvement may be accomplished by installing stone columns to reinforce

the existing native soils.

Both types of subgrade improvement are discussed later in this memo.
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As shownon Figure1, the eastempart of the reinforcedfill extendsa few feet below the
existinggroundsurfaceat the crosssection(Station178-_50). The depth of this embedment
forthe reinforcedzone varie_,for instanceat Station177+75, the reinforcedzone will

extendbelow the groundsurfaceabout 9 feet.

Theremainderof the memo describesthe constructionsequenceandwhy shallow

groundwaterrechargeto Miller Creekand the wetlandswest of the MSE wallwill not be
impededby eitherthe reinforcedfillextending below the groundsurface, or either type of
subgradeimprovement.

Shallow Groundwater Seepage through Subgrade Improvements

Subgradeimprovementswill be constructedby either 1) overexcavationand replacement
with compactedfill,or 2) useof stonecolumns. In someareas,the reinforcedfill may also
extendbelow the groundwaterlevel.

Removal and Replacement for Subqrade Improvement

Where unsuitablesoilsare excavatedas part of subgradeimprovement,backfillwill consist
of relativelyfree-drainingstructuralfill of the type usedfor wet weather constructionor for
the embankmentunderdrain.This fillwill be well-gradedand havea maximum finescontent
(percentageof siltandclay), limitedby the constructionspecificationsto not more than 8
percent. Figures3 and 4 showgradationof the fillmaterialsthatmay be usedfor this

purpose. Permeabilityof thisfill will be greater than the existingsurficialsoilsit replaces,
becauseof itsoverall gradationand the limited percentfines.

Stone Columns

Where stone columnswill be used for subgradeimprovement, designcallsfor them to have

a nominaldiameterof 42 inchesandbe spacedin a triangularpattern 8 feet apart. Figure5
showsthe method of constructingstonecolumns,and Figure6 shows the spacing. The
designcallsfor the stonecolumns to be constructedof coarsegravelwith a maximum of 10
percent passingthe no. 4 sizesievewith little or no fines(siltand claysized particles). The
coarsegravel columnswill occupy about 17 percent of the native soilvolume based on the
designspacinganddiameter. Figure7 showsgradationof the gravelspecifiedfor use in
the stone columns.

Some densificationof the native surficialsoilswill occurduringstone column construction.

However, the degreeof densificationislessin siltyor clayey soilsof the type that existat the

AR 048392



mm

Port of Seattle J-4978-06

December 8, 2000 Page 4

Third Runway site, compared to non-silty soils. There are no reports in the engineering

literature of stone columns impeding groundwater flow. In fact there are many case studies

that show that stone columns actually improve site drainage by enhancing vertical seepage

between granular soils that are separated by more silty interbeds.

Reinforced Zone

The MSE wall consistsof concrete facing panels that are separated vertically by elastomeric

bearing pads that maintain a 3/4-inchgap completely around the perimeter of each concrete

panel. The gap in the joint between MSE panels enables the face of the wall to be free-

draining, including the portion embedded below the ground surface. Where the wall

extends above the ground surface, this joint is so free-draining that it is typically protected

with filter fabric to prevent soil erosion. Figure 8 shows the joint between MSE panels.

The bottom of the wall bears on a 6-inch.high concrete pad. This concrete pad will not

impede shallow groundwater flow through the area where the wall is embedded because of

its small height relative to the thickness of the aquifer.

The reinforced zone behind the wall facing has steel strips laid horizontally in the soil, to

provide the MSE soil reinforcing. These strips are typically about a quarter-inch thick by four

inches wide, and they are spaced a minimum of 9 inches on center both horizontally and

vertically. The reinforcing will not impede shallow groundwater flow, for the same reason

noted above, because of the small area occupied by the reinforcing strips relative to the

overall height of the aquifer.

Ptease call if you have any questions.

F:\docs_obs\497806\Subl_radeMSEirnem}FinaLdoc

Attachments:

Figure 1 - West MSE Walt Cross Section Station 178 + 60

Figure 2 - West MSE Wall Subgrade improvement Plan

Figure 3 - Grain Size Envelope for Group 1A Fill Material

Figure 4- Grain Size Envelope for Group 1B Fill Material

Figure 5 - Stone Column Installation for Subgrade improvement

Figure 6- Stone Column Layout Plan

Figure 7 - Grain Size Envelope for Gravel Used in Stone Columns

Figure 8 - Joint Details between MSE Wall Panels
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APPENDIX F

THIRD RUNWAY EMBANKMENT -
EFFECTS OF INFILTRATION ON BASE FLOW
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Feasibility of Stormwater Infiltration

Third Runway Project
Sea- Tac International Airport

SeaTac, Washington
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FEASIBILITY OF STORMWATER INFILTRATION
THIRD RUNWAY PROJECT,
SEA-TAC INTERNATIONAL AIRPORT
SEATAC, WASHINGTON

SUMMARY

Infiltrationtestshavebeenperformedforselectedsitesonthe westsideof the
proposedrunwayembankmentto evaluatethe feasibilityof infiltrationaspartof
the StormwaterManagementPlan(SMP)forthe Sea-TacThirdRunwayproject.
The testingperformedto dateshowsinfiltrationisfeasibleintwo of the areas
tested(Areas1 and3). Preliminarydesigninfiltrationrateshavebeen developed
fromthe fieldtestsusingmethodsstipulatedby KingCounty(1998) aslistedin
Table1. Basedon theseresults,potentialinfiltrationcapacities(incubicfeetper
second[c'fs])at the individualsiteshavebeendevelopedfor nominal8-foot-wide
infiltrationtrenchestotaling400 feet in length:

• InfiltrationArea1 canaccommodatestormwaterdisposalat an averagerate
of 0.30 c'fs;and

• InfiltrationArea3 canaccommodatestormwaterdisposalat an averagerate
' of 0.15 cfs.

Additionaltrenchesmaybe locatedin theseareasto increaseinfiltration
capacity,dependingonsitelogistics.

Thesedataare suitableforconceptualinfiltrationfacilitydesign.The infiltration
capacityof anysitewill dependonthe detaileddesignandlayout(i.e.,areaand
elevation)of the infiltrationfacility,and the degreeof variabilityin soilconditions
beneaththefacility. Additionalinfiltrationtestsandsoilboringswillbe needed
to meetall the requirementsof the KingCountySurfaceWater DesignManual
(1998) andshouldbe completedonce provisionalfootprintsof the facilitiesare
established.

Thisreportsummarizesdesignrequirementsfor infiltrationfacilities,field data
collectionperformedby Hart Crowser,andresultsof our workto datefor
InfiltrationAreas1 and 3.

INTRODUCTION

Asa resultof increasedstormwaterstoragecapacityrequirementsin the SMP,
Hart Crowserwastaskedto investigatepotentialsitesfor infiltrationof detained

Hart Crowser Page 1
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stormwater on the west side of the proposed Third Runway project area (see

Figure 1 for general location). Based on the location of detention ponds C, D,

and G, three siteswere idenl_ied as potential sites for infiltration of water

discharged from detention ponds and/or vaults on the airfield. Additionally, the

footprint of detention ponds C, D, and G were also considered for potential

infiltrationcapacity. Locations of the detention ponds and infiltration Areas I, 2,

and 3 are shown on Figures 2 and 3.

infiltrationtesting was conducted along with the collection of soilsand

groundwater data that are needed to establishif infiltration can be implemented
in each area in accordance with the requirements of the King County Surface

Water Design Manual (KC.SWDM - King County, 1998). The overall

requirements for infiltration facilitiesare summarized in the following section.

INFILTRATION FACILITY REQUIREMENTS

The following summary outlines the General Requirements (Section 5.4.1 of the

KCSWDM) for infiltrationfacilities (ponds, tanks, and trenches) associated with
the natural site conditions. Additional requirements identified below under

"Other EngineeringConsiderations" need to be addressed by the engineering

design team.

Soils

• The basic requirement is a minimum of 3 feet of permeable soil below the

bottom of the facility and at least 3 feet between the bottom of the facility
and the maximum wet-season water table.

• A minimum of two test pits or soil borings per 10,000 ft2 of infiltration area

are required to characterize the site.

• Test pits or borings should extend at least 5 feet below the bottom of the

infiltrationfacility, and at least one test hole should reach the water table.

Measured Infiltration Rates

• The measured infiltration rate should be determined using either the double-

ring infiltrometer test (ASTM Method D 3385, 2000) or the EPA falling head

percolation test procedure (EPA, 1980).

• Sufficient testsshould be performed to determine a representative infiltration

rate but at least three tests shall be performed for each proposed infiltration

facility.

Hart Crowser Page 2
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Desifln Infiltration Rate

• The design infiltration rate should be calculated by Equation 5-9 of the

KCSWDM, using the correction factors listed in that Section 5.4.1.

Off-site Groundwater Impacts

• The impacts of infiltration should be considered for the potential to provide

increased water to landslide areas, increased groundwater resources

available, increased water levels in closed depressions,and higher

groundwater levels.

Groundwater Protection

Groundwater protection requirements call for implementing one of the following

actions when infiltrating water from pollution_eneratin 8 surfaces:

• Provide water quality"treatment prior to infiltration; or

• Demonstrate that the soil beneath the infiltrationfacility has properties which

reduce the riskof groundwater contamination from typical stormwater
runoff.

Other Engineerin.q Considerations

• 100-Year Overflow Conveyance

• Spill Control Devices

• Pre-settling

• Protection from Upstream Erosion
• Construction Guidelines.

This report by Hart Crowser provides a preliminary assessment of the soils,

infiltration rates,and hydrology of each site to establish the feasibility of

infiltration. Engineeringaspects and site logisticswill be addressed by the design
team as part of final design.

APPROACH

The type of infiltration test chosen at each location was dependent on the depth

of the target soil strata or pond elevation. Generally, for tests lessthan 4 to S

feet below ground surface, test pits were dug and the double-ring infiltrometer

method was used. This method involved repeatedly measuring a small (< 1/4

inch) change in water level in both the inner and outer rings willie consistently

maintaining a head between 5.5 and 6 inches in both rings until a relatively

H=rtCrow=er Page 3)4978-O6
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constant rate was obtained. Presoaking the test area is not required: however,

to limit the amount of inconsistentreadings at the beginning of the test. a

presoaking period of approximately one hour was employed.

For testing depths below 5 feet, the EPAmethod was used in an augered hole

with a 6-inch-diameter temporary casing inserted to prevent caving of the

borehole walls. This method involved repeatedly measuring the water level drop

from an initial head (6 inches above the base of the hole) over a given period

until a relatively constant rate was obtained. At the end time interval the water

level was adjusted back to the original head level prior to starting the next

measuremenL A minimum of four hours or overnight presoaking of the test

zone was performed.

The seasonal high groundwater level was estimated by measuring current

groundwater levels in existingor recently installed monitoring wells at each site

and comparing these with longer records from existing nearby wells in similar

hydrogeologic settings. Additionally, soil profile characteristics such as low

chroma mottling were also reviewed to assessthe seasonal high groundwater
levels.

RESULTS

We have completed infiltrationtests and soil borings at one pond location and
three potential infiltration areas:

• Pond C;

• Infiltration Area 1 (between Pond C and Pond C;);

• Infiltration Area 2 (south of Pond C;); and

• Infiltration Area 3 (northwest of Pond D).

Resultsof the double-ring infiltrometer tests are listed in Table 2; results of the

EPAmethod falling head percolation tests are listed in Table 3.

Work on Pond D is still in progress. A third pond location (Pond C) was

considered but the presence of groundwater seepage precluded further

consideration of infiltration at Pond C. Infiltration in Pond C and Area 2 proved

to be unfeasible due to low permeability soilsand/or high groundwater levels.

Logs of soil borings and test pits are included in Appendix A for Infiltration Areas
1 and 3.

In the following summaries,we include an estimate of the design infiltration rate
for each area. This is currently based on the average values of the measured

liar Crowser Page 4
,L4978-06

AR 048408



infiltration rates for each area, factored by our estimate of the appropriate

correction factors, asstipulated by King County (1998). However, given the

variability of the soilsencountered to date, the mean value may not be

appropriate for the entire facility at each location. Final design would take into
account the results of additional fadlity-specitic testing, the actual geometry of

the proposed facilities, and additional design adjustmentsto provide an

adequate "factor of safety."

Final measured infiltration values will be recommended for the design of the

proposed facilities after completion of the additional boringsand tests needed to

fulfill KCSWDM requirements.

Infiltration Area 1

Investigative explorations show a consistent slightlysilty fine to medium sand

occurring acrossthe site. The sand unit startsjust below the surface and extends

to depths of 8 feet (approximately 268 feet elevation) where deeper material
increases in silt content.

The groundwater level measured in the new monitoring well HC00-B333, during
November 2000, had an elevation of 268.5 feet. Table 4 lists the seasonalwater

level variations for two comparable wells east of Infiltration Area 1 with water

level records that indude last year's seasonal high. Based on the average

seasonal fluctuation in these wells, and assuming currently observed water levels

correspond to the seasonal low, the projected seasonal highwater level for

HC00-B333 is 273.1 feet (approximately 8 feet below ground surface).
I

The locations tested exhibited medium to high infiltration capacities ranging
from 4.6 to 20.4 in./hr. Results are summarized in Table 1.

To illustrate the infiltration potential of this site,we have estimated the infiltration

capacity of 400 lineal feet of 8-foot-wide infiltration trench(es). Using a design

infiltration rate of 4.2 in./hr, such trenches in Area 1 may be expected to
infiltrate 0.30 cfs of stormwater from SMP area SDW1A.

Infiltration Area 3

Three test pits revealed varying shallow soil composition. The northern two test

pits(HC00-TP338 and HC00-TP339) encountered silty fine to medium sand at

elevations between 297 and 308 feel Test pit HC00-TP337 in the southern

portion of the site revealed dw siltfrom the surface at approximate elevation

309 feet, to the bottom of the test pit (approximate elevation 301 feet).

Although not determined at this time, the groundwater level in Infiltration Area 3

Hart Crowser Page 5
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is expected to be at a depth of at least 10 feet' based on the absence of seepage

into the test pits. Local water table mapping by AESI (2000) suggeststhat the "

groundwater elevation in the shallow regional aquifer is around 230 to 240 feet
at this location.

Double-ring infiltrometer tests were conducted in test pits approximately 3 to 4

feet below the ground surface (i.e., approximately 302 to 309 feet elevation).

Two were located in a siltysand deposit and provided moderate infiltration rates

of 7.5 and 5.0 in./hr. The third test was performed in finer-grained siltysoil and

gave an infiltration rate of 0.94 in./hr.

Using an estimated design infiltration rate of 2.7 in,/hr and assuming overall

trench dimensions of 400 feet by 8 feet, Area 3 should infiltrate approximately

0.2 cfs of stormwater from SMP area SDWl B. Additional trenches may be an

option in this area; however, the proximity of the adiacent slope (greater than

15%) may require regrading to create benches. The KCSWDM indicates that a

geotechnical assessment of slope stability would likely be required for

construction of an infiltration facility in Area 3.

Hart Crowser

_97_o6 Page 6

AR 048410



CONCLUSIONS

Theresultsof oursoilboringsand infiltrationtestsshowthatAreas1 and3 are
suitablefor infiltrationof detainedstormwater.The infiltrationcapacitiesquoted
inthisreportareprovisional;the appropriatedesigninfiltrationratefor eacharea
dependson the chosenlocation,layout,depth,andlengthof infiltration
trenches.The implementationof infiltration'facUltieswill necessitatefull
considerationof relevantengineeringrequirementsasoutlinedin the KCSWDM.

Sincerely,

HARTCROWSER,INC.

ROBERTO. MIDDOUR

ProjectHydrogeologist

t=..,.,,9_,_,_ol I I_xp,.Es..-/'..j,/,. |

MICHAELA.P. KENRICK,P.E. MICHAELJ. BAILEY,P.E.
SeniorAssociateHydrogeologist ProjectManager

F:\Doc_ obs_497806\S'1"3 RWestlnfiltRpt( mv).doc
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Table 3 - Falling Head Percolation Tests Sheet1 of 2

ii

LocaUon ID Test Elapsed Change in Percolation Soil Type
Number Time Head Rate

in min in feet in in./hrIIII ii I

Infilb'atJon Area 1

H C00-B327A 1 2 0.06 21.60 Slightlysilty,
5 0.15 21.60 fine to medium

SAND
2 2 0.06 21.60

5 0.14 20.16

3 2 0.06 21.60

5 0.14 20.16

4 2 0.05 18.00

5 0.14 20.16

5 2 0.05 18.00

5 0.14 20.16

6 2 0.06 21.60

S 0.14 20.16

HC00-B328A 1 2 0.02 5.40 Slightly silty,
S 0.05 7.20 fine to medium
10 0.10 7.20 SAND

2 2 0.02 7.20

5 0.06 8.64

10 0.11 7.92

3 2 0.02 7.20

5 0.05 7.20

10 0.11 7.92

4 2 0.03 10.80

5 0.06 8.64

10 0.17 7.92

497006/3rd_mrd_te_B.ds T,dde 3
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Table 3 - Falling Head PercolaEon Tests Sheet2 of 2

m

LocationID Test Elapsed Change in Percolatmn SoilType
Number Time Head Rate

in rain in feet in in.]hr
• I

Infiltration Area 1

HC00-B329A 1 2 0.05 16.20 Slightlysilty,
S 0.10 14.40 fine to medium

10 0.20 14.40 SAND
15 0.29 13.92

20 0.37 13.32

25 0.45 12.96

2 2 0.05 18.0O

5 0.12 17.28
10 0.23 16.56
15 0.33 15.84

20 0.44 15.84

3 2 0.05 18.00
5 0.12 17.28

10 0.26 18.72
1S 0.37 17.76

20 0.49 17.64

4 2 0.06 21.60

5 0.14 20.16
I0 0.26 18.72
15 0.39 18.72

Pond G

HC00-B310A I 30 0.01 0.24 Slightly silty,
2 30 0.01 0.24 fine to medium
3 30 0.01 0.24 SAND

HC00-8313A 1 30 0.07 1.68 Silty, gravelly
2 30 0.06 1.44 SAND
3 30 0.07 1.68

4 30 0.07 1.68

497806/3,rd..m_l_muJd_ Talde ;1
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APPENDIX A
EXPLORATION LOGS
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Key to Exploration Logs
Sample Description
C_ass;ficatior" of soils m this res)ort is Dosed on visuo_ fi_,,t and laboratory oOservt=tic_s w_ic_ include oensity/¢onsistenay,
moisture conbiticm, gram size. one plasticity estimates on_ !lmOUla not t',e construes to imply fi"a nor IOOorotory testing

unless presented norein. V_sua*-monuol cJossit_ootion metnoas of ASTU O 2488 were usep as o_ ident[ficotion guibe.

Sail descr_tions conwsi of the following:

Density/consistlmcy. moisture, color, minor constituents. MAJOR CONSllTUENT, additional rornort(s.

Density/Consistency
Soit ¢Jensity/consist=nay in borings is r_otecl primarily to the Standard Penetratio_ Resistance.
Soil density/consistency m test pits is estimated besecl on visual obsB"vation anal is preesntea parentheticolly On the tes t. pit logs

StonOord St dv1_Ne(:l A_l_'ommo te
SAND or GRAVEL Ptm|trotion SlIT or CLAY Pwtetrgtion Shear

Remstanee (N) Rl_et_ce (N) _tr___thOeneity m Bmws/T'oot Consistency in Blows/Foot

Veery loose 0 - 4 Very =oft O - 2 <0.125

Lme 4 - 10 Soft 2 - 4 0.125- 0.25

Medium dense 10 - 30 Medium stiff 4 - 8 0.2S -- 0.5

Dense 30 - SO Stiff 8 - 15 O.S - 1.0

Very Oense >50 Very stiff 15 -- 30 1.0 - 2.0

Hard >.._0 >2.0

Moisture Minor Constituents ret.,om_p.,c._tw.

Dry Little perceollbte moisture Not iOentifieO in clescriDtion 0- 5

Damp Some perceptible moisture, probably Oelow optimum _ightly (clayey. silty, etc.) 5 - 12

Moist ProOobly near optimum moisture content Clayey. silty, sandy, gravelly 12 - 30

Wet Mua_ berceotible moisture, proOobly Obo_ optimum Very (clayey. eat),, etc.) 30 - 50

Legends Test Symbols

Sampling Test Symbols cs GroinSizeClassification
BORING SAMPLES CN ConsoliaatJon

UU Unconsolidotecl Unorolned Trioxiol
] Spilt ._ooon

CU Consolidated Unbroinecl Trioxiol

[] _elby Tube _. CD Consolidated Prosed Trioxiol

Cuttings QU Unconfined Compression

[g Core Run DS Direct Shear

:ok NO Samara Recovery K Permeability

PP Pocket Penetrometer

P Tube Pushed. Not Driven Approximate Compressive Strength in TSF

TEST PIT SAMPLES TV Torvone

] Crab (Jar) Approximate Shear Strength in TSF

CBR California Bearing Ratio
] Bog

MD Moisture Density Relationship

] Snetoy Tube AL AtterOorg Limits

I I = I Water Content in Percent

Groundwater Observations I 1 L- NoluroiLiauidLimit
L PIOIIi¢ Limit

Surface Seal PID Photoionlzotion Detector Reading

CA Cnemlcot Analysis

_' Crounbwoter Level on Date DT
In SituDensity Test

(ATD) At. Time of Drilling
==
m_ Ooservolion Well Slotte¢ Irll'Tip or Section

U

(_ Groundwate- Seepage"; (Tesl Pit,) _1_

J-4978-O8 11/00

Figure A-1
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BoringLog HCOO-B327
STANDAI_) r:qEJ_-TRATION LAB
RESISTANCE TESTS

SolDes_r_on.s inFwt _ • _ p_rF_
_oundSt_rfa=eE_vMkJnm F_: 276.1 _ 2 S 10 2O SO 100

o IIIIII
Irs_ly. finsIomecrmmSN_. s.1

8.2

IlllIIII1_ _, _, _, __.

Bottom_ _rmg st9.5 Fat 10 I++1°+ IIIllIIIIIm
IIII

-_ 2s 1 2 5 10 z) 50 100

• i
v_j

1.RebrIoR_n A-! for_maJon ofclescr_onssr_symb_.
_ S_lc_,==_,,_ m,oJrnk,=,,. ,,,,_m. mOm,_ cmm_. rn,y J-4.g78-06 11/00

_e;p'_,J. Figure A-23. Groundwsm"levelif indicatsd,isat_msofdrilling(ATD)orfordata
specirmcl.Levelmayvaryv_lhm.

AR 048424



8-2

15

25
1 2 5 10 2o 5O IO0

L

lib

1. R,edfa"to Fzgum A- 1 for explanalion of _plionz and xw'nbals.

2.so, e_._px,_ w,e#t-.m. _ a-. _,wp.,r_, ._ m _,_ m,y J-4978-06 11/00
begmduaL

3._*,,,r _v_. It_.--. m.t tin. or_lKng(ATO)or_x ¢m Figure A-3
Ipodhd. L_ mwv_/wm m.
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S-2

S

25
1 2 5 10 2O r,n tO0

rJE
dill

/MMEWJ¢
1. Re(or to Figure A-1 for mqo_"wtioe of ¢_:ri_o_ mtd =yml_I=.

z s_ a_=War= =ha==_xe _= =1 =_=_w= ma .r.== ==_= _r=y J-4978-06 11/00
be grmdu_.

3. Gmun0woU¢ leve_, if indicated, is =it lime of ddUing (ATD) or for date FT_MIr_ A-_
=pec=fi_l.LevWn'=yvarywtlhimp.
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Hl'O,moi_gray, verylllldySlLT.
;-7

Topof CasingElevationinFeet:283.49

25
2 S 10 20 SO 100

n
u

HaRTCWSF.R
1.RebrtoF_JmA-1forexplanalimofd_:nptmnsands_.
2.s=i a_=np_on,aM ,_,m _m am_ md _ _ _y J-4978-06 11/00

begmdusl.
3.arouno_ _w_.tf_md. _-st_ (ATD)_ for¢a_ /=/gure A-5

ll_i¢_md. Lev_ may vary _m lime.
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Test Pit Log HCOO-TP337
s,mem D_m soL izscmm'_Ns

o- _ (Soft),moist,mownSILT.
1:
z-'

S-1 _ 3" (Mecbumst_f):city,iigmI:_vn armda_ i_ownSILT.

s"
s:
7"

s.2 _ a-" Ow_)._y._m_ SILT.
o" BottomOf_ at &5 Fee_

Coml_mad11,'09/00.10

Test Pit Log HCOO-TP338
Sm_ _ SOCOEImRI:110_

mFeat GlmmdSwtlmE_mWJonmFe_304JBO.

1_ (L=O_m==t.b:: _dUro_topsoil.
2-' (sue). rarest,grayandbrownSILT.

3' (Loose),morn.brown,=Jig_y =_y,rm to medu. SAND.

S.I 4-"

5"
6"

8-
of Expiration lit8.0 FeeL

9. ComplltK111/09/00.
10

&
Test Pit Log HCOO-TP339

GroundSudac=Emllon InFeet:311.7
o_ 0- (Softto stir, (:_¢y,lightbrownSILT,

O

- 3-
4._ (Loose),damp,brown,IdightJysilty,fineto mediumSAND.

"= 6"

7"
5-" (Hard).clamp,grayan0 brownSILT.

9- BottomofExplorationat 8.5 Feet.o
= Completed11/09/00.10

II'II
U

_WS_
1. Refer to Figure A-1 for explanation of descriptions and symbols.

2. _ desct'iptiocls and mnlbJml lines _ iflteq=fldive and ilc_lal cSlanges my J-4978-06 11/00
begr_u==.

3. Groundc:onditmns,if indicated,amattimeofexcavabon,Conditionsmay Figure A-6
varywttflImm.

AR 048428



APPENDIX G

LOW STREAMFLOW ANALYSIS FOR MILLER, WALKER, AND
DES MOINES CREEKS

(AppendicesC and D excluded)
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PORT of SEATTLE

Seattle-Tacoma Airport Master Plan Update
Low Streamflow Analysis

This reportpresents analyses performed to estimate the timing and volume of discharges to local
receiving streams and wetlands during low flow periods fi'om the Sea-Tac International Airport
(STIA) considering proposed improvements to the STIA defined in the Port of Seattle's Master
Plan Update. This report is submitted for consideration by the Department of Ecology and U.S.
Army Corps of Engineers in reviewing various permit applications from the Port of Seattle
related to the ThirdRunway project. The analyses build upon those performed in completing the
Sea-Tac Runway Fill Hydrologic Studies Report for the Department of Ecology (Pacific
Groundwater Group, 2000). The analyses presented in this report were prepared by Earth Tech,
Inc., and Pacific Groundwater Group, Inc.; HSPF hydrologic model results were provided by
Parametrix, Inc., in a December 2000 memorandum (Parametrix, 2000b).

For purposes of discussion in this report, the term "low streamflow" refers to total flow in a
given stream reach during dry weather conditions, particularly the months of August and
September. Low streamflow in this context includes water in a stream derived from groundwater,
interflow and surface water discharges, including stormwater control facility discharges.

EXISTING STREAMFLOW CONDITIONS

Stream gage data available from King County at four sites in the Miller, Walker and Des Moines
Creek watersheds are summarized in Table 1 for average monthly flows in August and
September.

Table 1:

Recorded Average Flows
August and September

Average Average
Gauge No. and Location Period of Record August Flow September Flow

(cfs) (cfs)
42A- MillerCreeknearmouth 1989-1996 2.35 2.03

42B - Miller Creek at P,DF t 1990-1996 0.48 0.41

42E - Walker Creek near mouth f ! 993-1996 1.56 1.24

11 F - Des Moines Creek near So. 200" St. t 1996-1998 1.55 1.62

Port of Seat:le ]
5eattle-Taconm Aarport Moiler Plan Update

Low 5treamflow Analyst_
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WATERSHED MODELING OF CURRENT AND PROPOSED CONDITIONS

The draft Prelimina_, Comprehensive Stormwater Management Plan (SMP) (Parametrix.

August 2000a) for the Master Plan Update Improvements to STIA describes the watershed
modeling prepared to define the anticipated hydrologic effects of proposed airport improvements

and _dom proposed to mitigate those effects on receiving waters. Watershed modeling of the
Des Moines, Walker and Miller Creek basins was performed using the Hydrologic Simulation

Program-Fortran (HSPF) model. This empirical watershed model is appropriate for quantifying
the hydrologic effects due to changes in surface runoff conditions across the STIA area.

1994 was selected as the base year for defining pre-project hydrologic conditions for the STIA

Master Plan Update (MPU). As is discussed in the SMP, the 1994 conditions represent a
conservative baseline in that total impervious area in the drainage basins located within the STIA
had decreased from 1974 to 1994 and that forested cover had replaced developed land coverage
in some areas.

The HSPF model for each watershed produces simulations of stream flows at locations

downstream of proposed STIA land modifications. The locations used to evaluate low
streamflows were selected so as to be proximate to the proposed STIA construction: Miller Creek
near SR 509, Walker Creek near 12= Avenue South, and Des Moines Creek near South 200 'h
Street. The HSPF model results are included in Appendix D. The HSPF modeling results include

the average monthly flows for August and September, as shown in Table 2, for land uses present
in the watersheds in the 1994 pre-project condition.

Table 2:

HSPF Model Streamflow in August and September
for 1994 Land Use Conditions

Rainfall Record Average Average

Location Used in August Flow September Flow

HSPF Simulation (efs) (efs)

MillerCreekatR.DFt 1949-1996 0.45 0.70

MillerCreek nearSR 509 1949-1996 1.27 1.50

MillerCreek nearmouth t 1949-1996 2.70 3.23

WalkerCreek near 12= AvenueSo. 1949-1996 0.033 0.035

WalkerCreek near mouth ' 1949-1996 1.37 1.37

DesMoinesCreek nearSo. 200= St. ! 1949-1996 1.08 1.64

l lncluded forpurposes of comparison with observed flows.

Seven-day low flow rates were derived from the HSPF model results for those locations

immediately downstream of the limits of proposed STIA construction activity. The low flow
results are summarized in Table 3.

Port o.f Seattle 2
Seattle-Tacoma Airport Master Plan Update
Low StreamflowAnalysw
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Table 3:

Seven-Day Low Flows (©fs)
Per HSPF Model of 1994 Land Use Conditions

Return Interval
Location

2 years $ years 10 years 20 years

Miller Creek near SR 509 0.79 0.68 0.63 0.50

_ alker Creek near 12= Avenue So. 0.021 0.019 0.017 [ 0.016

Des Moines Creek nearSo.200= St. 0.35 0.28 0.24 0.21

In constructing models of the proposed project conditions, referred m herein as the 2006 land use

conditions, the 1994 conditions HSPF mode! was revised to reflect proposed changes in land

cover, surficial soils (fill placement), and the operation of proposed stormwarer flow comrol
facilities. The memoranda in Appendix D to this report present details of the model.

The HSPF model results of low streamflows with proposed STIA construction in place are

summarized in Table 4 (average monthly flows for August and September) and Table 5 (7-day
low flows).

Table 4:

HSPF Model Streamflow in August and September
For 2006 Land Use Conditions

Rainfall Record Average . Average
Location Used in August Flow September Flow

HSPF Simulation (efs) (efs)

Miller Creek near SR 509 !949-1996 1. I0 1.40

Walker Creek near 12= Avenue So. 1949-1996 0.031 0.039

Des Moines Creek near So. 200 = St. 1949-1996 1.07 1.73

Table 5:

Seven-Day Low Flows (efs)
Per HSPF Model of 2006 Land Use Conditions

Location Return Interval

2 years 5 years 10 years 20 years

Miller Creek near SR 509 0.64 0.54 0.48 0.44

Walker Creek near 12= Avenue So. 0.015 0.012 0.010 0.009

Des Moines Creek near So. 200= St. 0.27 0.21 0.18 0.15
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The HSPF modeling indicates that August and September streamflows (average monthly flows
and 7-day low flow rates) below the STIA in Miller Creek would be reduced by an amount

ranging from 0.10 to 0.17 cfs as a result of the changes proposed by the Port. In the upper reach
of Walker Creek the HSPF model results indicate a decrease in average August streamflows and

an increase in average September s_eamflows; the 7-day low flow values are predicted to
decrease by 0.007 cfs in the HSPF modeling. In Des Moines Creel the modeling indicates a
decrease of 0.01 cfs in August flows, an increase of 0.08 cfs in average September flows, and a
decrease of 0.06 to 0.08 cfs in 7-day low flow values.

The foregoing HSPF modeling results utilize a different approach to low flow analysis from that
used in developing earlier estimates published in the 1999 draft SMP (Paramemx, 1999). The
1999 draft SMP estimated low stream flow impacts based on a model of infiltration and

groundwater recharge potential, which differs from statistical comparisons of low stream flow
described above. The HSPF model was used to predict the amount of precipitation available for

groundwater recharge that contributes to stream flow. This water mass balance approach

compared the difference of water available for stream base flow between existing (pre-project)
conditions and after full consu'ucdon of the MPU projects. The mass balance approach predicted
flow reductions in Miller and Des Moines Creeks of 0.05 cfs and 0.13 cfs respectively for the 1

in 10 ch'3.'year. While this simplified approach does not account for other hydrologic changes,
such as the construction of detention ponds or stormwater infiltration, it can provide conservative
results that are representative of very small flow changes. These low stream flows are normally

difficult to model precisely in watershed models.

In addition to the different approaches used to estimate low stream flow impacts, the HSPF
model used for the low stream flow statistics is an updated version of the model used for the
mass balance calculations. Therefore, the results are not directly comparable. Differences
between the results, while on the same order of magnitude, can be explained primarily by

changes in infiltration parameters in the Miller Creek model, and the influence of detention
facilities and storm runoff on low slreamflows.

In assessing quantitative effects on streamflow, the HSPF modeling results provide a partial

characterizauon of the impact. As discussed in the Pacific Groundwater Group report, the HSPF
model does not consider three identified factors with potential to influence summer low flows:

1. Late summer discharge of infiltrated water stored in the proposed Third Runway
embankment fill. Precipitation that falls on pervious areas of the proposed fill

infihrates through the fill, delaying its discharge through the drainage layer to area
wetlands and streams by several months.

2. Changes in non-hydrologic flows within the buy-out area in the watersheds.
Discontinued irrigation withdrawals from within the watershed and discontinued

discharges of imported water through septic system drainfields.
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3. Seconda_ recharge of runoff from pavement atop the proposed Third Runway."
embankment fill. Runoff from runway and taxiways would traverse pervious
biofihration strips with oppormni_' to infiltrate into the fill. enhancing the

recharge effect of the fast factor identified above and reducing peak storm runoff
rates from those predicted in the HSPF model.

Modifications have been made to the proposed design of stormwater control facilities in the

Master Plan Update in response to review comments from the Department of Ecology. The
modifications were developed in part to address low flow conditions in area streams and include:

4. Extended duration discharge from stormwater detention facilities through

infiltration galleries that would provide input to the shallow groundwater regime
adjacent to Miller Creek. The effects of these discharges were incorporated into
the HSPF modeling for the 2006 proposed project condition and are reflected in
the HSPF model results presented in Tables 4 and 5.

5. Managed release of stormwater from reserved storage to ensure that low flow
discharges in streams do not fall below preproject levels. Such stormwater would
be collected from winter season runoff, treated, and stored until needed during the

dry. season, and then aerated and released to sustain desired flow rates in su'eams.
The effects of these discharges are not included in the HSPF modeling and must
be added to the model results.

The results of the HSPF modeling should be considered together with estimates of the low
streamflow impacts to accrue from each of the above factors. All five of the factors are present in
the Miller Creek watershed. Walker Creek would have two of the factors present: late summer

discharge from both pervious and secondary impervious recharge to the embankment fill. The
buy-out-area does not emend into the Des Moines Creek watershed, and the area of the runway
fill within that watershed is small; therefore, the first three factors are not considered in Des

Moines Creek streamflows. There also are no provisions in the Des Moines Creek drainage for
proposed emended duration discharge. Discussion of the effects of emended duration discharge

through infiltration is discussed in Appendix D. The remaining four factors are evaluated in the
corresponding sections that follow in this report.

HYDROLOGIC BEHAVIOR OF RUNWAY FILL

In preparing the Pacific Groundwater Group (PGG) report, an analysis was conducted to model
the behavior of infiltrated rainfall as it passes through the proposed fill. The analysis included

modeling of a cross-section of the fill for a range of fill depths ranging from 30 feet to 150 feet.
The study concluded the fill would act to store in_filtrated water as it seeps through the fill and to

delay the discharge of the water to wetlands and creeks. Because of the time lag through the fill,
the analyses predicted that winter precipitation would be discharged through the drainage layer

underlying the fill in the summer months, and this would be considered to have a generally
beneficial effect on low summer flow in local streams. However, the PGG report also noted that
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the quantity of delayed discharge is dependent on runoff and evapotranspirafion changes caused

by new construction.

This section of the report applies the results of the PGG analyses to estimate the effect the

delayed discharges through the embankment fill would have on August and September flows in
Miller and Walker creeks.

As noted above, the HSPF model does not effectively model the mechanisms of deep percolation

through the fill and subsequent discharge through the drainage layer. HSPF cannot adequately
incorporate into the watershed model the effects of the fill for several reasons:

* HSPF is not designed for detailed modeling of relatively small areas with atypical
geologic features such as deep fill.

• Interflow as defined in the HSPF typically has a recessional duration of 1 to 7 days,
which is much shorter than the transit time expected through the fill. The interflow

parameter is a "lumped" parameter that is subsequently measured downstream.

• The duration of the upper zone groundwater storage is short (approximately 1 day)
prior to splitting of stored water to the lower zone storage. This is inconsistent with
the behaviors of the deep fill.

• HSPF does not provide for a time delay shift to represent extended groundwater
travel.

• HSPF is an empirical model intended to be calibrated against a data set. There is
insui_icient data available to effectively calibrate the parameter for the fill effects.
One month of flow data was collected from January to February, 199g measuring

discharge from the base of recently placed fill. The limited data set does not provide
for an estimate of the storage within the fill volume and only extends through one
short segment of time within the heart of a wet season.

Within the area of the fill, changes to the volume and timing of groundwater discharge to local
wetlands and streams are predicted as a result of the proposed fill embankment. As discussed in

the PGG report, the fill would provide greater storage capacity for infiltrated precipitation than
exists under pre-project conditions. Infiltrated precipitation would seep through the fill to the

relatively porous drainage layer underlying the fill. The water seeping to the drainage layer
would then discharge from the base of the fill after a transit period of up to several months from
the time it first fell on the surface of the fill. The travel time is a function of both the vertical

thickness of the fill and the lateral length of travel through the drainage layer. Because the

runway would create more impervious surface area than existed within the fill footprint prior to
construction, the total volume of infiltration (assuming no secondary recharge of pavement
runoff) would be reduced. The delayed discharge of the volume of water that does infiltrate

through the fill, however, would provide increased discharge from the fill area during the critical
low flow periods in area wetlands and streams.
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The PGG study, conducted for the Deparunem of Ecology, modeled the behavior of in_filtrated
rainfall as it passes through the proposed fill. The analysis included modeling of a cross-section
oft.he fill that ranged from 30 feet to 150 feet thick. The analysis estimated the amount of rainfall

that would percolate through the pervious areas of the fill surface (impervious surfaces were
assumed to runoff to tightline systems and surface water discharges, consistent with the HSPF
model) and how much of the infiltrated water would be taken up through evapotransporation. A

second model fflydrus-2D) used soil characteristics to estimate the time of vertical travel through
the fill mass to the drainage layer for varying depths of fill. A third model (Slice) then summed

the flows within the cirainage layer over time and translated them into a discharge m the toe of
the fill embankment. A repeating cycle of average monthly rainfall depths was used in the PGG
model, and the model was run with this repeating rainfall cycle until the discharge pattern
stabilized.

Hart Cmwser later prepared an independent analysis of the behavior of infiltrated rainfall through
the proposed embankment flU for the Port of Seattle. This analysis utilized the same model for

estimating surface infllwation of precipitation to pervious areas. A different model was used to
predict the water behavior in the fill, and some of the soil parameters and assumptions differed
from those used in the PGG study. The conveyance of infiltrated water through the drainage
layer was not modeled by the Hart Crowser work. The Hart Crowser analysis used a ten-year
time series of daily precipitation as input to the modeling. The results of the Hart Crowser

analysis support the findings of the PGG report, specifically that there would be a delayed
discharge of infiltrated water and that this would provide increased discharge from the fill area
during the low flow periods in area streams. Appendix A presents a comparison of various
aspects of the PGG and Hart Crowser analyses. Based on this comparison it was concluded that

the PGG model application was more appropriate for the modeling of the embankment fill
behavior as it: (I) more accurately represents the effects of gravel within the fill; (2) simulates
the variable slope and permeability of the native soil aquifer and wetland soils below the fill; and
(3) models the recharge through variable thicknesses of fill.

The results of the PGG model analyses were applied across the footprint of the proposed fill
within the Miller Creek watershed to derive a quantified estimate of the effects of delayed
discharges through the fill on August and September flows in the creek. The model results were

applied across the fill footprint for both the existing condkion (year 1994) landscape and the

pervious areas of the built condition (year 2006) fill. The analysis is presented in Appendix B
and the results are summarized in Table 6 along with the HSPF model results for Miller Creek.
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Table 6:
Estimates of Miller Creek Streamflow Effects

from Fill Infiltration Discharge I

HSPFModel Stresmflow (efs) Increase from 2006 Condition
Periodof Flow Fill Discharge w/Fill Discharge

1994Condition 2006 Condition (cfs) (cfs)

August 127 1.10 0. 108 1.2I

Septemt)er 1.50 1.40 0.065 1.4-

7-Day/2-YearLowFlow 0.79 0.64 0.065= 0.71

i Miller Creekst SR 509
2Calmflmedas 75 percent of the sverase increase in dischartteover August and September.

The analysis predicts that delayed discharge of water through the fill will have a mitigating effect
on low streamflows in Miller Creek during August-September flow conditions. A similar
positive effect on 7-day low flow discharges would be expected. Results f_m the Hart Crowser

lysis provide insights into how the fill is expected to behave through periods of varying
rainfall. The analysis indicates that during years with lower total precipitation, the lag between
the times of minimum discharge for existing soil conditions and the fill conditions lengthens. In

addition, the analysis predicts that the volume of discharge from the fill during August and
September would fluctuate less with changes in precipitation than under existing soil conditions
within the fill footprint. Based on the 10 years of rainfall used in the Hart Crowser analysis, the

standard deviation for the differences in August and September discharge volumes between fill
and existing conditions is 25 percent. This suggests that approximately 75 percent of the average
increase from fill discharge could be expected during drier years when extreme low stream flows
could be expected.

Applying similar techniques to the fill footprint area within Walker Creek produces the results
shown in Table 7. The depth and shape of the fill section within the Walker Creek basin differs

from that which typifies Miller Creek. Whereas the fill in Walker Creek would produce a shorter
delay of infiltrated water, the discharged water must travel a greater distance in the Walker Creek

basin (as shallow groundwater and surface flow) from the fill to the stream channel; therefore,
comparable results are anticipated. Further, the area of proposed fill within Walker Creek is
small (6.7 acres pervious fill surface) which limits the effect of differences between the fill
sections on the results. .--
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Table 7:
Estimates of Walker Creek Streamflow Effects

from Fill Infiltration Discharge 1

HSPF ModelStreamflow(cfs) Increase from 2006 Condition
Periodof Flow Fill Dizehs_e w/Fill Discharge

1994 Condition 2006 Condition (cfs) (cfs)

August 0.033 0.031 0.005 0.036

September 0.035 0.039 0.003 0.042

7-Day/2-YearLowFlow 0.021 0.015 0.0032 0.018

IWalker Creek near 12th Avenue South
2Calculated as 75 percem of the average incre.asein discharge over August and September

CHANGES IN NON-HYDROLOGIC FLOWS

The November 1999 and the August 2000 drafts of the SNIP identified 18 water right certificates

and claims within the property buy-out area in the Miller Creek watershed. Based on
assumptions regarding residential and farm property, uses of these water rights, the November
1999 Plan concluded that water use from these claims during the low-flow period in August

would be reduced by 0.13 cfs (SNIP, Appendix G).

The PGG report identified several non-hydrologic factors with potential to affect total
groundwater recharge, and hence low flows in Miller Creek. PG-G included the summer irrigation
quantity cited in the SMP of 0.13 cfs, or 84,000 gpd. PGG identified the following changes in
water use in the buy-out area with the potential to affect streamflows:

Table 8:

Non-Hydrologic Changes In Summer Streamflow
(PGG Report)

PotentialStreamflow Effect
Change in Water Use

(gallonsper day)

Cessattonof summerirrigationwithlocalwatersources + 84,000

Cessationof septicdischargeof importedwater - 66,000

_ Cessationof excess lawnirrigationwithunponedwater - 10,000

Leakageof importedwaterfromwatersupplypipes unknown

NetChange During IrrigationSeason --0

Since the August 2000 draft SMP was published, Parametrix has consulted with former property

owners to update estimates of historic water withdrawal under the l 8 acquired water rights in
Miller Creek. Based on these contacts, Parametrix concludes that historic imgation season

consumption totaled 0.079 cfs (51,000 gpd) rather than the previously cited 0.13 cfs (refer to
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Appendix C). Imegrating this revised estimate into the summation presented in Table 8 would

produce an estimated reduction in Miller Creek streamflow of 25,000 gpd (0.04 cfs).

EFFECTS OF SECONDARY RECHARGE

As noted earlier, the HSPF model assumes that all pavement runoff is effective impervious area.
and that such runoff is completely conveyed via tightline systems to ponds or vaults and then to
area streams. The PGG model of infiltration through the fill followed the same assumption for

reasons of consistency with the HSPF modeling in maintaining the accounting of the hydrologic
water balance. This assumption ignores the opportunity for runoff from proposed runway and

taxiway pavements to infiltrate into surrounding pervious softs. The effects of this assumption on
the hydrologic computations presented above are to: (1) increase the computed peak discharge
rates during the majority of storm events; and (2) reduce the volume of infiltrated runoff to pass
through the fill and be discharged to streams during low flow periods.

A review of the proposed runway and taxiway sections presented in the Preliminary.

Comprehensive Stormwater Plan suggests that substantial opportunity would be provided for
pavement runoff to infiltrate into pervious ground as this runoff transits across biofiltration strips
and along biofiltration swales to catch basins. Taxiways and runways are proposed to be
constructed with filter strips having travel lengths of 75 feet. Shorter connecting taxiways would
be constructed with filter strips 30 feet in width.

Analyses were performed to estimate the quantity of pavement runoff that would infiltrate the fill
as it passes through filter ships. Infiltration within bioswales was not considered as the travel
lengths within the swales varies widely and the soils within the swales are expected to be

saturated a greater percentage of the year due to the concentration of flow in them. The pavement
runoff that infiltrates into the filter strips is termed "secondary recharge" for purposes of this
discussion. The procedure followed in the analysis is described below:

I. Compile flow exceedence probabilities for impervious surfaces from the HSPF
model. The flows calculated are strictly surface runoff, as there are no interflow or
groundwater flow components in impervious areas.

2. Estimate the maximum infiltration capacity of the filter strip, assuming that water
can infiltrate the soil at its saturated hydraulic conductivity rate over the entire

area of the filter strip. Soil conductivity, is based on the matrix conductivity used
for the fill in the Hydrus-2D modeling (matrix includes the silt and sand
components) corrected for the presence of gravel with an empirical formula.

Hydraulic gradient is assumed to be l (gravity). Infiltrating area is assumed to be
100 percent of total area of the filter strip.

3. For each exceedence probability, range, calculate the portion of the total water

input to the filter strip going to infiltration and runoff. Total water input is
assumed to be expected runoff from runway/taxiway pavement (based on

pavement area and HSPF flow values) plus the direct rainfall on the filter strip. If
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total input exceeds total infiltration capacity., the excess water volume is
considered to be runoff" and the infiltrated volume is limited by the infiltration

capacity. If tom] water input is less than the infiltration capacity, runoff is zero

and infiltration equates to the total water input.

4. Plot the exccedence probability, curves for: runoË-" from the pavement, direct

rainfall to filter strip, infiltration within filter strip, and runoff from the filter strip.

5. Estimate recharge for each calendar month by summing the product of the
exceedence probability range for each month and the predicted infiltration value.

Because exceedence statistics never reach zero percent, there is always an upper
region representing the extreme flows where there are no values. For purposes of
estimating infiltration, this is not a concern because the available infiltration
capacity is exceeded by the pavement runoff only in extreme event. Potential

evapotranspiration (PET) values were obtained from the previous PGG analysis
for grass over outwash soils, and h was conservatively assumed that actual
evapotranspiration (AET) equals PET. Finally, PET was subtracted from
infiltration to calculate the net recharge, which can never be less than zero.

6. Plot the monthly values of predicted infiltration, PET and recharge.

The results of the analysis indicate that nearly all runoff- from the runways should infiltrate in the

filter strips. Based on HSPF data provided by others, pavement runoff (and, hence, precipitation)
occurs about I$ percent of the time. Figure I shows the annual flow duration curves for a one-

foot wide half-section of runway with a slope length of I05 feet and a 75-foot wide filter strip.
The analyses indicate that nmoff- from the filter strips would occur less than 5 percent of the time

because of the infiltration capacity, of the filter strips. The runoff in the I g-to-5 percent
exceedence interval completely infiltrates in the filter strips along with incidem precipitation
falling directly on the filter strips. When runoff does occur in the analysis, it is at lower rates than

that predicted by the HSPF modeling as a result of secondary recharge.

Figure 2 presents results of a similar analysis for a taxiway having a maximum 140-foot slope

length and a 75-foot wide filter strip. For this situation the infiltration capacity of the filter strip
exceeds the pavement runoff and direct rainfall on the filter strip for nearly all rainfall

occurrences. Figure 3 presents results of a similar analysis for connecting taxiways having a
maximum slope length of 140 feet and a 30-foot wide filter strip. In this scenario, the total water

input exceeds the in_filtration approximately 6 percent of the time. In all tbxee scenarios, nearly
all of the pavement runoff- volume can be infiltrated in the filter strips.
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Figures 4, 5 and 6 present the monthly recharge rate for the three filter swip scenarios described
above (incident precipitation and pavement runoff). The figures show the total infiltration.

potential evapou'anspiradon and net recharge below the root zone into the fill. The recharge
volume is the product of the infiltration rate and the area of the filter strip.

The effect of the additional infiluated water to the fill would be to enhance the effect of delayed

discharge from the filI's drainage layer during the August-September low flow period in Miller
and Walker creeks. A simple extrapolation of the Hydrus-2D/Slice model results on a per-acre

basis would suggest that secondary recharge would have the potential to increase Miller Creek
August flows by an additional 0.04 cfs and September flows by 0.025 cfs. Using the same

exlxapolation approach, Walker Creek flows would increase in August by 0.005 cfs and in
September by 0.003 cfs. This simple extrapolation does not consider geographic and hydraulic

effects that are present, and the extrapolation may overestimate delay times for this groundwater
flow. This is because the recharge is not uniform across the surface of the impervious fill area,
localized areas of the fill will experience elevated saturation compared to other sections, and the
added volumes may pass more quickly through the wetter zones than was calculated in the

Hydrus-2D analysis. However, during drier years, saturation levels will be reduced and delay
times would not be expected to shorten. Therefore, the simple extrapolation is considered a
reasonable estimate and has been used directly in this assessment.

RESERVED STORMWATER RELEASE

The Port proposes to construct additional stormwater storage facilities that would collect and

store winter season runoff until needed to support low flows during the dry season. When low
flow conditions would occur in the stream, the stored stormwater would be released at a

prescribed rate, aerated and discharged to the stream system to sustain desired instream flow
rates. The reserved stormwater release facilities are proposed by the Port in the Des Moines

Creek and Miller Creek basins. The facilities are proposed to be consu'ucted as additional storage
volume in the base of selected detention facilities, with each facility having a dedicated, gated
discharge outlet, allowing the stormwater to be discharged when needed.

The requited storage volume to be held in reserve can be determined based on the necessary rate
and duration of discharge to support low flows in the respective stream system. In both Des

Moines and Miller Creeks, additional discharge is predicted to be needed to sustain 7-day low
flows to preproject (1994) levels. In Miller Creek at the SR 509 crossing, the predicted deficit in

7-day duration/2-year frequency stream discharge rate was determined to be 0.10 cfs, after

accounting for the hydrologic changes on the STIA site, the discharge of pervious fill recharge
and secondary impervious runoff recharge, and changes in non-hydrologic flows. In Des Moines

Creek, the predicted deficit would be 0.08 cfs. Tables 9 and 10 describe how the required
discharge rates were determined for Miller and Des Moines Creeks, respectively.

Port of Seattle

5rattle-tacoma Airport Master Plan Update l
Low 5meamflow Anal_

_4281601_STREAMFLOWANALYSIS.DOC

AR 048447



AR 048448



AR 048449



AR 048450



Table 9:

Miller Creek Reserved Stormwater Release Rate Determination

HSPF Model Streamflow 2006

(cfs) Condition
with Fill Net Deficit

Period Dbcbnrge Dischnrge from 1994
of Flow Discharge Non- of Secondary and Non- Condition

of Pervious Hydrologic impervious Hydrologic u Reserved

1994 2006 Fill Recharge Chsnges Recharge2 Chsnges3 RelesseRate
Condition Condition (cfs) (efs) (cfs) (cfs) (efs)

August 1.27 1.10 0.108 (0.04) 0.04 1.21 J 0.06

September !.50 1.40 0.065 (0.04) 0.025 1.45 0.05

AuguSt/ 1.39 1.25 0.09 (0.04) 0.03 1_33 0.06
September

7-day/
2-year low 0.79 0.64 0.0654 (0.04) 0.0244 0.69 0.10
flow

IMiller Creek at SR 509
2Assumes secondary, rechargevolumes from impervious areas behave similar to pervious areare_ge volumes.
3Sum of 2006 HSPF streamflow, fill pervious recharge, non-hydmiogtc changes andsecondary iml_t'vious recharge.
4 Calculated as 75 percentof the average increase in discharge over August and September.

Table 10:

Des Moines Creek Reserved Stormwater Release Rate Determination _

}ISPF Model Strumflow .... 2006

(efs) Condition
with Fill Net Deficit

Period Dbchorge Discharge from I994
o[ Flow Discharge Non- of Secondary and Non- Condition

of Pervious Hydrologic Impervious Hydrologic = Reserved
1994 2006 Fill Recharge Chsnges Recharge 2 Changes 3 Release Rate

Condition Condition (cfs) (d's) (cfs) (ch) (eft)

August 1.08 1.07 -- -- -- i .87 0.01
September 1.64 1.73 -- -- -- 1.73 --

Augusts 1.36 1.40 -- -- -- 1.40 m
September
7-day/

2-year low 0.35 0.27 -- -- -- 0.27 0.08
flow

IDes Momes Creek at South 200th Strut
2Assumessecondaryrechargevolumesfromimperviousareasbehavesimilartoperviousarearechargevolumes.
3Sum of 2006 HSPF sueamflow, fill pervious recharge, non-hydrologic changes and secondary impervious recharge.

A review of the differences between 1994 and 2006 low flow conditions predicted by the HSPF

modeling for varying return frequencies and durations (refer to Appendix D) concluded that the
greatest differences in flow rates were predicted for the 2-year return frequency, and that the
differences in flow rates were consistent across durations ranging fyom 7 days to 90 days. Hence

Port of Seattle 19
5¢atde-Tacoma Atrport MaatcrPlan O'pdate
LowStreamflow Analysis

_4281601_TREAMFLUW ANALYSJS.DOC

AR 048451



the 7-day/2-year low flow condition was selected as the criteria for establishing the reserve
storrnwater release rate.

Criteria for establishing the appropriate duration of the reserved stormwater release was made

based upon a review of the pattern of low flow occurrences. Figure 7 is a histogram shoving
when Day l of the 7-day duration low flow periods would occur in Miller Creek at SR 509 based
on HSPF modeling of the 2006 condition. The analysis emends over a 47-year period from 1949

through 1995. A similar analysis for Des Moines Creek m South 200 = Street is presented in
Figure 8. The figures indicate that in both basins, if the reserved stormwater release commenced
at a fixed calendar date and extended over a 60-day period, the release would coincide with the 7-

day low flow period in 83 to 85 percent of the years. Similarly, if a 45-day-long release were
initiated each year on a fixed date, the release would coincide with the 7-day low flow period in
72 to 74 percent of the years. The clustering of the 7-day low flow occurrences within August
and September allows a release over a limited timeframe to provide a high level of confidence
that the release will coincide with low flow conditions in the streams.

The effectiveness of the reserved stormwater release in mitigating 7-day low flows in Miller and
Des Moines Creeks can be enhanced through active management of the release in response to
measured flows in the streams. Rather than initiating the release on a fixed date each year. the
reserve would be released when the discharge in the stream drops to a predetermined rate. It is

recommended that data from existing King County stream gages be used to decide when the
release of the reserve should commence. Using existing gages provides the benefit of historic

gage data and eliminates the uncertainty of whether a new gage is properly rated. These gages
can also be monitored in real time, facilitating reserve management and allowing rapid response

to changing stream conditions. Utilizing such an active man,_ement procedure, a reserve
discharge duration of 45 days would be sufficient to ensure the release would support necessary
stream discharges throughout portions of all low flow events, including emended drought
conditions, and throughout the full duration of the vast majority of low flow events.

Based on a 45-day discharge duration and the release rate identified in Table 9, the required
reserved stormwater storage volume in Miller Creek above SR 509 would be (010 cfs x 3600

seconds x 24 hours x 45 days/43.560 sq. ft. = ) 8.9 acre-feet. Similarly, the required reserved
stormwater storage volume in Des Moines Creek above South 200 = Street would be 7.1 acre-feet.

SUMMARY OF LOW STREAMFLOW EFFECTS

The predicted effects of the various factors on low streamflows in Miller, Walker and Des

Moines Creeks are compiled in Tables II, 12 and 13, respeclively. In all three streams, average
August and September flows are predicted to increase, and 7-day low flows are expected to

match pre-project conditions. A net increase of 3 percent in August/September average flows is
predicted in Miller Creek at SR 509. In the upper reach of Walker Creel average August and

September flows are predicted to increase by 26 percent. Des Moines Creek average August and
September discharges at South 200 = Street would increase by 9 percent.
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In Walker Creek. the discharge from recharge to the runway fill is estimated to be sufficient to
maintain 7-day duratior_/2-year frequency low flows to pre-project levels. In Miller and Des

IVloines Creek,_, 7-day/2-year low flows would be supplemented by reserved stormwater releases

to maintain pre-project discharge rates in the streams.
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Appendix A
Comparison of Pacific Groundwater and Hart Crowser Fill Modeling Approaches

Estimation of Recharge Generated at the Land Surface

Stud_ Factor ,Approach Sifnlflcance

PGG 8umdy monUVynmm mwmdon king-urn. Cam,=a.nmm4_,UonofimrocW_ mm_. amo_ _ o_=,am_p$8m
flM_l_hiyIIVOfII_S nloflth_ f4N:hllrDe, 0M41Slll__-_,___,_,_t_ hl0h ihWlt_ aoml eveflts.

HC 13-ymr mcuamlrandWnthet_ dam_/_ Freer mNkatkm of ImmaplmlJoninput, ponnmysvariability within a g_en month.

Id_ o0nmlem wi_ HSPF mo_ r.;_;_,,-_for 0urnand w_Jand sudaces,
PGG Amunwd zsro nmoff. _, nm_f from BI randwlimnd surfxcos hmndlN in_ m

HC HELP me4_ lam_l._S runoffc#m_ m4_hod. Not #_ dmom_ 8him PGG _dUN for HC mode_d arms (lower nmoff).
V_ m'_e _ Ow I WVy_. HC m_m d_ Mt _ mmm=_ns _ wire w_w_ _.

PGG 61mneyC.r_dle c_cu0a_ons, braN4 am
tempenmture,planttype and I_uOe. Number#;m very _ beevvmmmethods.

PkmntET

S_Cov_ u_s modl_d Iqmmmn mppmKh
HC _ on pumt type, tempenmmm,hunvdW rand Numtx_ mmv_/sm_a_r _4(ween momods.

s4_r nmd_bon.

Dmdyso_moatwe bmbmnce.#mccountsfor ro4t PGG m=hnrge Imsed on mon_ mvwxge_n. therofom presentedms
PGG zone exlending into shallow poohed wMe_ mo_hly mvenmgm.Allows negallv_ mchacge where plamntstap the water tnd_m

tub_. ¢umg hot_mm_r ma_thu.

HC re¢_ method _ for vwildlAy with dmityI_rucmitatm_numi_m_.
HC D_Y _ moim_ Imm_e, ,,wRr tabk)alv4Ws Recharlle ilenemliy notu_nated for ainu where rootzone reaches wintertableoutm4eo_mot lone

(e.g. w_W_s, ov_ my shanowtin).
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Appendix A
Comparison of Pacific Groundwater and Hart Crowser Fill Modeling Approaches

Modeling of l-D, Vertically Downward Flow in the Vadose Zone

Rm_d__, F'__gr A_,,_,:_h Significance
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flow _r san_ ond Snv*l (Gr0up lb)
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sob chsmctedstJc

HC Bsaed on Rsaetm emmmmeend metheds by v_ Ger,uchem m_l PGG IDWnach same as HC.
MmMm.

Assumes noflow in _ pockets. Recharge mRowdistrtl:utlKI Mm'• mcctJ_ represents foic of grovel in general fill MayPGG to non-0nrveily poRicns of so/d. F,xc_ for Group I a soiic.
w_ere flash flow is modeled. _ immedi•ta mr dekvarym Group 1• stats nearwall.

presenceof
gravel in soil

AdjulB _ propelties used kl chamctehll_ curve 9enerllb_ for Redu¢lmthe imenlm'yof rechlrge ic•dmg on unsaturated flow
HC pf••4flce ofgfl_. Do•4 not extrude u_ _v h'om p_vllyL _ CauseII_n•l dafllpening of qr0• puts• (Sue

gmvedycomponent of soiJ. to • mine "sprnadout" re•mum distnioutmn.

Redm=esn1_del nemlul_xl to mm11MynN=harl_ steps. Average
PGG Step-w1•• monthlyvalues, rectmrge _ over • month, so that October values •re low

whefllas ('m•Ct_) late October recmargeis high).

rechargeinput

HC Continuousdailyvllues. _ resolutionof rochlrge ioflow. May lead to more gnKlUa!
mmmsmn of 1-D flow st boftom of mmSeledva¢iosezone.

PGG Usod Hydnas2D w_th6-mc_ mod_ cells. Well suited d_"mtizabon for unsmumted flow problenm.

disomt_MJonof
rnoOelceRs

NumenoM dmpefluon_ed with thick re•did cellsmay •rticiaHy
HC Used HELP, which aut_lly cnmtsa rnodal ceilsof

ap1_rmomatoly17-MOfthickness m berm fill. "smem" out the reofvlrge puls4, thus affecting the tmling rand
mmomum intensity of dmcharge-,t me bottom of the ratios• zone.

Vi_Isae z_ne modeling not ped_med lot naive ml, sasumed that

PGG small 0epth to wator causes nagligibl• mooing •nd dampening of Likely minor underastDmabouof lagging •nd dampening over 5-fnotsoil dmanna.
thicknessof the _ puree

v•dasa zone in
natMi soil

HC Modeted 5 feet of verhcal ciownwsrdunsaturatedflow in nativesoil Estnnatsa some lagging and dampening of recharge pulse over5
using HELP model, feet of soil. Cannot readily compare with PGG data.

Allows mprsaentatlon of differenttiming of recharge flora dill•fore
PGG Multiple l,mulabons used for thicknesses ranging#om 30 to 150

feet. thicknesses of fllh to be su_ up for lateral,saturated flow "Mice

thiclmoss of mn4er',

erni01mkmefltfill Single thickness representsconditionsmiongone poRionof the

HC All s_ _ _ of 1_ _ . "_ _" 1 Multiple cmldAmnsexpected. DMa from single
thicknaas 0o not mpmsant coml0med t_mingof J mcherge adong
slice.

Slina model _mu_tes vaha_le l.opes randpemmlbtl_les of n•tive

PGG Used Is input to slice model, ml aquifer, van•hie recharge of vamlbie th_-'knessembanlmwnt NJ.
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predicted flow_lth bMtesth bern1.
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Appendix A

Comparison of Pacific Groundwater and Hart Crowaer Fill Modeling Approaches

Modeling of Lateral Saturated Flow Towards Wetland and Miller Creek

Stud}/ Factor App_D_,d_ Significance

Iml_n_l from 1-D ung_unm_ Itow V_able _ _d flmv i_mm neeaed to simulme _
PGG medJnO mmg s vsd_y d ben_ m rout rang the m. _d m_dme to n_det flow _¢umumon
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mllew _ vmmrmble

_ from 1-0 umatumod medJng 81_ mm_ noti_fmmed. _ k_ along _urated stmllowHC using s sm_e oen_ _m:_r..--,..sa_l vanl_le
_ m for tmm. _Ador mm_eecmn not moae_a.

Ba_cl. smpe d D mal_e md Im_l bnNam'4 N_we gelle m and lower _ bemm_ w_mnd
PGG m. aml on dlf/_ nmi_mmmm_ m cmaml ilmundam"flew to aamo m _ (emmlmgr_,,-_) _ to d_m

v_amn _n_ md umn¢ and we_and. (Ix_ _).

Elemme _and vms _t mode_d, _ gm_mr Itow is fm_:edto the
HC Ammmed _. do_ note_md to Immr

s,_o_andmmmmlxlltmNmmmw_W_d, m_l_:el_m_mlt_mli_m)or_omedr_n__). Dm_dm,:h_n_e
ecmals_.

PGG ModeiodI,il_ forvalrd diff--, finite CammmIllgs and dmllqNningof inltow l_m vadmm ztme to cksch_rgeat toe
eWn_t _. d cmm-eec_n mode.

N_ mr_e mn0

GVYIIow

HC Not modeled. LIIg_Ind danll_ _ illllk_vthrom_laa_e zono to di_larp uttoe of
mmmm_ _ n_ rnodek_.
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APPENDIX H

ANALYSIS OF INDIRECT IMPACTS TO WETLANDS
FROM SR 509 TEMPORARY INTERCHANGE
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P
MEMORANDUM

To: Jor_athan Freedman, U. S. Army Corps of Engineers

From: Jim Kelley, Wetland Ecologist

cc: ElizabethLeavitt,PortofSeattle

Date: May 3, 2000

Re: Analysis of indirect impacts to wetlands from the temporary SR-509
interchange - Seattle-Tacoma International Airport

This memorandum provides an overview of the SR-509 Temporary Interchange at South
176th Street, a description of current conditions at the site, and evaluates the potential

impacts to adjacent wetlands that may result from the project. The interchange project
involves no discharge of fill material into waters of the United States including wetlands.
Furthermore, we have analyzed potential indirect impacts to wetlands and concluded that

no significant indirect impacts to wetlands will occur. The interchange is also
constructed on existing road fill and other disturbed areas that do not act as buffers to
protect the functions of adjacent wetlands.

PROJECT OVERVIEW

To provide construction vehicles direct access from SR-509 to the west side of Seattle-
Tacoma International Airport (STIA), a temporary interchange would be constructed near

the existing South 176 _ Street overpass. The half-diamond interchange would consist of

an exit ramp from southbound SR-509 to South 176 _ Street and an entrance ramp from
176 _ Street to northbound SR-509.

The Port will use the interchange as part of its fill haul route during construction of the

third runway, as described in the 1996 Final Environmental Impact Statement 0EIS) and
1997 Final Supplemental EIS prepared pursuant to the National and State Environmental

Policy Acts (see Federal Aviation Administration Record of Decision dated July 3, 1997
for a discussion of the EISs). This facility will be dedicated to haul vehicles for the third

runway construction at STIA and will be removed upon completion of the third runway
construction. The Port will be responsible for operation and maintenance of temporary
and permanent drainage features throughout construction of the third runway project as
stated in the Temporary Interchange Design, Coristruction and Operation Agreement.

Tempora_ SR-509 Interchange 1
Anatyszs of Wetland Impacts May 3, 2000

Seattle- Tacoma International Airport
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As explained in the following sections, the temporary interchange was designed to avoid
any direct fill impacts to wetlands. The interchange will be largely constructed on
existing SR-509 road fill Where necessary, short (less than 30 ft high) reu_ining walls
are used to assure the project can be constructed on the existing road. Stormwater
detention facilities, water quality treatment facilities, co_u'uction methods, and
construction monitoring procedures have been developed to assure that impacts to the
wetlands do not occur.

SITE CONDITIONS

Proximity. to wetlands
Portions of the temporary interchange are located between Wetland 43 and Wetland 44.
Wetland 4.4 is located generally east of and Wetland 43 is generally west of SP,.-509 and

the project.

Construction of the southbound exit ramp will be between the existing SR-509 and the
delineated edge of Wetland 43. Construction will occur more than 55 feet from the
wetland edge. The land between the wetland and SR-509 consists of the SR-509 fill
prism, including a gravel maintenance road. The area is vegetated with grass, invasive
shrubs (Scots broom and Himalayan blackberry), and red alder saplings. This vegetation

is periodically mowed and does not serve to protect the wetland from ongoing and
adjacent disturbances.

Construction of the northbound entrance ramp of the temporary interchange generally
occurs greater than 50 feet from the edge of Wetland 44. The ramp lies 20 to 50 feet
from the wetland for about 100 linear feet near its start at South 176th Street. The ramp is
12 to 50 feet from the wetland edge for about 200 linear feet near its mid-point. The land
between the wetland and SR-509 consists of the SR-509 fill prism and fill placed on
Parcels 494, 496, 497, and 498. The area is vegetated with grass and invasive shrubs

(Scots broom and Himalayan blackberry). This vegetation is periodically mowed and
does not serve to protect the wetland from ongoing and adjacent disturbances.

Both Wetlands 43 and 44 lie within the Walker/Miller Creek Watershed. Walker Creek

begins at the western edge of Wetland 43. Adjacent land use consists of single-family
housing and SR-509 (which bisects the originally contiguous wetland). Wetland 44 is
forested and Wetland 43 has forested, shrub, emergent and open-water components.

Historical aerial photos from 1961 (attached) show the wetland areas (prior to
construction of SR-509) were once contiguous, largely farmland, with a drainage ditch
crossing the area. In 1978 the wetlands were bisected by the construction of SR-509, and
the hydrologic connection between the wetlands maintained via a 36-inch diameter
culvert installed under the roadway.

Temporary SR-J09 Interchange 2 May 3. 2000
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Previous Earthwork

SR-509 from milepost 22.98 to milepost 24.11 including the South 176 th Street bridge,
was constructed in 1978. Generally, the section of road north of the South 176_ Street
bridge is predominantly flU. Approximately 200 feet north of the South I76 th Street
bridge 5R-509, is constructed in a cut, which continues south of the bridge on both sides
of SR-509. A portion of the northbound mnporary interchange will cross Parcels 496,
497, and 498. The steep slope along the north and westmm edges of these parcels suggests
thattheyarealsofillmaterials.Theseparcelsonce containeda residenceand a metal

outbuilding,which haverecentlybeendemolished.

The majorityof the southboundportionof the temporaryinterchangewillalsobe

constructedon theexistingSR-509filltrapezoid.However,asthetemporaryinterchange

approaches South 176 Street through the SR-509 right-of-way it will cross disturbed
native soil (greater than 100 feet from the wetland edge). The northbound portion of the
temporary interchange will be constructed on the existing SR-509 fill within the right-of-
way trapezoidandon theexistingfill ofParcels496,497,and498.

Existing Drainage Features
Existing drainage facilities associated with SR-509 are described in the Hydrologic
Report- SeaTac International Airport Third Runway Direct Access (HNTB 2000) (See
Attached).

The existing drainage in the vicinity of the SR-509/South 176 thStreet bridge is composed
of two primary systems, a groundwater collection system and a storm water runoff
collection system.

The groundwater collection system for SR-509 is located in the vicinity south of the
South 176th Street bridge. This system, which consists of perforated pipes within the
roadway sub-grade, collects the groundwater surfacing in the SR-509 cut section. The

collection system conveys collected water to drain lines near the east and west edge of
SR-509. The drain line on the eastside crosses SR-509 just north of the South 176th
Street overpass to connect with the drain line on the west side. The combined flow is

conveyed down the west edge of the highway, bypassing the stormwater detention system
at the base of the SR-509 embankment. The flow is then discharged to Wetland 43.

Three storm drain sub-basins collect the runoff from SR-509, the bridge, and their
vicinity. The total collection area is approximately 45 acres, including approximately 8
acres of impervious surface (primarily SR-509 and South 176 th Street) and 37 acres of

pervious wetland and residential land uses. Detention and water quality facilities
intended to treat this runoff are generally undersized when compared to the standards
used to desima the temporary interchange.

The south sub-basin is approximately 12.6 acres; it collects the roadway runoff from the
sou'them end of SR-509 to just north of the South 176 thStreet overpass. Runoff from the
northbound roadway is collected at the median barrier in catch basins and conveyed to an
enclosed drainage system at the west edge of the pavement. The runoff from the

Temporary SR-$09 Interchange 3 May 3, 2000
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southbound roadway is collected in a roadside ditch and combined with the runoff from
the northbound roadway m the storm sewer.

The middle sub-basin is approximately 20.7 acres and extends approximately 1,150 feet
north of the South 176 _ Street overpass. Roadway runoff is collected in roadside catch
basins that outlet to the ditch and wetland east of SR-509, The wetland east of SR-509
drains to the stormwater facility on the west side of SR-509 through a 36-inch diameter

culv_ crossing.

The north sub-basin is approximately 11.7 acres and extends approximately 1,300 feet
south from South 168= Street. The runoff from this sub-basin is collected at the roadside

gutter in catch basins and conveyed to a ditch (on the east side of SR-509) that crosses to
a stormwater detention pond on the west side of SR-509 through a 24-inch diameter
culv_l..

PROJECT DESIGN

The temporary interchange has been designed to avoid significanthydrologic and water
quality impacts to wetlands or Walker Creek. Hydrologic designs and their potential
impactsarcdiscussedinthefollowingsections.

New Groundwater Management
Drainageforthestructuralearthwallsoftheinterchangewillbe theonlynew subsurface

drainagesystemsforthisproject.Thesewillconsistof "weep-holes"(seeWL-I and
WL-2 intheAttachedPlanSheets)thatwillallowthesmallamountsofwaterthatmay

infiltrate the fill to seep from behind the wall to the surface.

The existing subsurface drainage conveyance system serving SR-509 in the vicinity of
the South 176 m Street bridge will be modified (by adding a bypass pipe segment [see
Sheet DI]) to avoid damage to the system from construction of the proposed southbound
off-ramp. This modification will not alter the flow volume or timing of groundwater
flow that eventually discharges to Wetland 43.

New Stormwater Management Facilities
The stormwater drainage system has been designed to capture runoff from the new

impervious surface area and to detain accumulated runoff consistent with King County
Level 2 requirements. The stormwater system will capture and detain runoff from an
additional 40 percent of the existing road surface consistent with the Stormwater Effects
Guidance provided by WSDOT and National Marine Fisheries Service (NMFS) for
salmon listed under the Endangered Species Act (ESA). All collected runoff will be

treated to improve water quality prior to discharge into the existing WSDOT pond system
and outfall.

The drainage design was completed using the King County Surface Water Design
Manual (1998 edition). Runoff volumes were modeled using the King County Runoff
Time Series (KCRTS) model, but for comparison, the project was also analyzed using the

Temporao,SR-509Interchange 4 May 3, 2000
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Santa Barbara Unit Hydro m-aph method (using "WaterWorks" software). The results
showed that the KCRTS model offers a more conservative design, providing facilities
that are more protective of downstream wetlands and creeks. The detention pond sizing
and release rates meet Level 2 Flow Control requirements.

The temporary interchange will add approximately 1.66 acres of impervious surface and
reduce the pervious surface in the vicinity by the same area. The system will also collect
runoff from an additional 40 percent (0.57 acre) of the existing roadway's impervious
surface to meet requirements of the NMFS retrofit agreement. A total of 2.47 acres
would flow to the new detention and water quality facilities. The areas draining to the

new detention pond would account for approximately 26 percent of the total impervious
surface in the three sub-basins (calculated after the interchange construction).

An existing roadside drainage ditch would be modified to develop the water quality
treatment facilities required for the project. This existing ditch drains to an existing
stormwater pond ouffall (at Station 932+00), that will be redeveloped as a wet
biofiltration swale. The outlet pipe from new ponds will discharge into the wet
biofiltration swale at approximately Station 929+00, storm water will flow north to the
swale, with treated water exiting into the discharge channel from the existing pond. The
wet biofiltration swale will be designed and constructed to meet the King County Surface
Water Design Manual standards.

The detention facility for the project is designed to comply with King County Level 2
Flow Control, which requires the developed discharge durations to match 50 percent of
the pre-developed 2-year to the full 50-year peak flow. The 50 percent release rate is
intended to minimize the erosive effects of runoffon creeks and streams (for this project,
a large area of Wetland 43 will be provided with additional protection above the Level 2
standard). The specified release rates (see below) will be achieved using an outlet control
structure with multiple orifices that allows staged discharge from the detention pond. For
all storm events, the post-project peak flow rate will be below the existing peak flow
rates.

Peak Flow fcfs)
Storm Event Existin_ Proposed

2-year 0.189 0.092

lO-year 0.232 0.190

25-year 0.238 0.225

50-year 0.345 0.230
100-vear 0.398 0.232

The Hydraulic Report for this project has been reviewed and approved by the WSDOT
Olympia Service Center Hydraulics Office, as well as the WSDOT Northwest Region
Hydraulics Office. In addition, comments concerning detention and treatment from an

independent reviewer were received and addressed. The comments raised by the
independent reviewer were researched, and an independent evaluation by King County

Tempora_ SR-J09 Interchange 5 May 3, 2000
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has indicated that the design meets the current demntion and treatment requirements. The
stormwatcr conveyance system was analyzed using current WSDOT methods and is also

compliant.

The hydraulic desi_m also meets the requiremcmts for "No Effects" prescribed under the
WSDOT stormwater guidance concerning ESA agr_d upon by NFMS.

The stormwatcr detention pond and biofiltration facilities will r_nain in place following
demolition of the temporary intm-change; thus, the benefits derived from the stormwater
facilities will be permanent.

Construction stormwater, sediment, and erosion control
A StormwaterPollutionPreventionPlan(SWPPP) details stormwatermanagement for

theSR-509 intm'changeduringconstructionand op_'_ion(SeeAttached).These plans

identify the BMPs necessary to pmte=t adjacent wetlands and surface water from

potential water quality impacts during construction.

The BMPs--combined with the small size of the project, construction timing, and other
site conditions--provide a high level of protection to adjacent sensitive areas.
Construction of the project will result in a small, linear disturbance footprint, from which
stormwater can readily be collected and conveyed to treatment facilities. The linear
confimlrationreducesthelikelihoodthat,even ifBMPs failed,significantamountsof

stormwatercouldconcentrateand causesignificantdamage.

A proactivcmonitoringplanwillbe implementedtoassurethatallplannedBMPs are

properlyimplementedand maintained.Monitoringof theBMPs duringstormswill

verify that they arc effective and help identify maintenance needs to prevent potential
failures. Monitoring of BMPs includes the following actions:

• Inspection during and following consn-uction to assure that they axe constructed
properly,

• Inspecting each BMP following 0.5 inch of rain to determine whether any
maintenance is required,

• Monitoring discharge and receiving waters to verify that permit conditions are met
and that BMPs are effective,

• Use of advanced treatment methods as a contingency treatment method if momtoring
demonstrates this need.

The SR-509 interchange includes the following features to assure the project can be
constructed to meet water quality standards and protect adjacent wetlands:

• Protect wetland and buffers with installation of 2 layers of silt fence,
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• Minimize disturbance of vegetation and soil when installing and maintaining
sediment and erosion control measures,

• Treat unworked areas with erosion control cover measures according to the King

County Surface Water Design Manual,

• Apply water to the site as necessary to control dust,

• Limit clearing and grubbing to areas that will be worked within the next 7 days,

• The contractor shall construct a temporary sedimentation pond at the site of the new

stornawater detention pond at the north end of the project on the east side of the
embankment priorto other land-disturbing activities (See D-1 through D-3 and details
on DD-1 in Attached Plan Sheets),

• The contractor shall operate the two existing ponds on the west side of SR-509 and
the new pond as sedimentation ponds. Runoff shall be diverted to the ponds (See D-3
and details on ST-1 in Attached Plan Sheets),

• The contractor shall install catch basin inserts into all existing storm drains and into
all storm drains (as they are made operational).

POTENTIAl, FOR DIRECT AND INDIRECT IMPACTS TO WETLANDS 43
AND 44

Ecological Conditions
No Direct or indirect impacts to water quality, conditions. Based on the stormwater
management facilities and BMFs described above, the temporary interchange project will
not degrade water quality conditions in the wetlands. Stormwater management facilities
meet King County Stormwater Manual standards and WSDOT/NMFS treatment and
retrofit guidelines for "no effect." Following demolition of the interchange, stormwater
quality facilities that treat stormwater which is currently untreated, will remain. This will
result in a net long-term benefit to water quality conditions in the wetland.

No Direct or indirect impacts to water quantity
Based on the stormwater management facilities and BMPs described above, the

temporary interchange project will not significantly alter runoff rates that could impact
downslope wetland or stream habitat. Stormwater management facilities meet King
County stormwater requirements. The new detention facilities result in no significant
delay in storrnwater runoff reaching the wetlands because Level 2 control matches past
project runoff to pre-project conditions. This effect is beneficial overall in that it

potentially moderates water level fluctuations that can be detrimental to some aquatic
species. The separation of the existing groundwater collection system from stormwater

management systems will prevent any changes to the water quantity (volume and timing)
of groundwater flow that currently reaches Wetland 43.
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Ecological Functions
Five biolomcal functions were examined. These functions determine the de m-ee to which
the wetlands: (I) support residem and anadromous fish, (2) provide songbird habitat, (3)

provide waterfowl habitat' (4) provide amphibian habitat, and (5) provide small mammal
habitat. Four physical fimctions provided by wetlands were also examined. These
functions examined the wetlands' ability to: (I) export organic matter to downslope

systems, (2) maintain groundwater exchange, (3) provide flood storage, and (4) enhance
nutrient retention and sediment trapping.

Based on evaluations of the physical and biological indicators of wetland function
observed in each wetland, professional judgement, and knowledge of other wetland

ecosystems in the Puget Sound region (urban and non-urban), the functional performance
of these wetlands was evaluated. Functiotml performance ratings were assigned as
follows:

High- The wetland contains several important characteristics required to perform
the function, and lacks indicators that prohibit the function from occurring in the
wetland.

Moderate- The wetland conrnin-¢one or more characteristics required to perform
the function; however, several of these may be secondary indicators. The wetland

may contain one or more characteristics that interfere with or prevent optimal
performance of the function in question.

Low- The wetland lacks significant indicators that the wetland could perform the
function in question. One or more indicators that the wetland does not perform
the function are typically present.

Supports resident and anadromous fish.
Wetland 43 rates as moderate for this function because the wetland has persistent open

water that is connected to Walker Creek, it is likely that this wetland directly supports
resident fish. Walker Creek provides habitat for coho salmon downstream of Wetland
43. ESA listed fish species are not reported in the creek or Wetlands 43 and 44. The
creek and wetlands do not provide habitat for listed species due to the small size of the
creek, hydrologic conditions in the wetlands, and lack of suitable habitat features. There
are no historical records indicating listed species once used these habitats. No salmonid
or residem fish use is likely in Wetland 44, and it is rated low for this function. Wetland
44 has a seasonal hydrologic connection to Wetland 43 via a 36-inch diameter culvert

under SR-509, but it does not contain significant fish habitat due to the lack of persistent
surface water at sufficient depth. Both wetlands indirectly support fish by providing
hydrologic functions, as described below.

Direct impacts to fish habitat will not occur during the construction and operation of the
temporary interchange because no stream channel, fish habitat, or riparian area will be
modified. The 36-inch diameter culvert connection between each wetland will remain
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and will not be altered. No vegetation that provides shade or organic matter input to
streams will be removed.

Indirect impacts to fish habitat will not occur during the construction or operation of the

temporary,interchange,asexplainedin sectionsaddressingprojectdesign,stormwater

management, and wetland protection strategies

Provides habitat for song (passerine) birds

Wetlands 43 and 4.4 provide moderate to high habitat for songbirds. The vegetation of
both wetlandsprovides,multi-layeredstructure,standingdead snags,and abundant

sourcesof foodforvarioussongbirdgnfilds.BecauseWetland43 islarger,containsa

greaternumber ofhabitattypes,and containsareasmore isolatedfrom areasof human
use,itprovideshigherqualityhabitatthanWetland44. However,thelocationof these
wetlands within an urban environment and in relation to SR-509 results in human

disturbance that limits the types of species that may use the wetlands as habitat. Species
using the wetland are typically tolerant of human disturbance.

No direct impacts will affect the wetlands' ability to provide habitat for songbirds during
the construction and operation of the temporary, interchange, because no habitat
characteristics of the wetland will be changed by the project.

Increased noise from the construction and operation of the temporary interchange will not
result in significant indirect impacts to passerine birds because the resident or transient

bird populations that use the wetland are adapted to the high levels of noise and human
disturbance that are curr_fly present in the area. For example, the wetland adjacent to
the entire project already lies near SR-509, South 176 _ Street, or other developed
property that generate human disturbance and noise impacts. The vegetated slopes of the
existing SR-509 road bed (the construction site for most of the project) are maintained as
highway right-of-way through mowing and periodic clearing of woody vegetation. The
portions of several parcels subject to construction are largely clear of woody vegetation
as a result of former residential land uses. As a resuk, constructions near the wetland will
neither remove any significant habitat for passerine birds nor remove any vegetation
barrier that would screen the wetlands from adjacent disturbances.

Provides waterfowl habitat

Wetland 43 rates as moderate to high and Wetland 4.4 rates as low for this function.
Wetland 43 has persistent open water and emergent vegetation that provide habitat for a
variety, of nesting and foraging waterfowl species. Wetland 44 does not contain open
water or suitable habitat for nesting, foraging, or migrating waterfowl. Neither wetland
provides suitable nesting (critical habitat) or foraging habitat for marbled murrelets. Bald

eagles have not been observed in Wetland 44, but they could potentially prey upon
waterfowl that use the wetland.

No indirect impacts to the characteristics of the wetland that provide waterfowl habitat
functions will occur from construction or operation of the temporary interchange.
Significam waterfowl habitat is not present in Wetland A4. In Wetland 43, waterfowl
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habitat is located over 800 feet from the project site and is densely screened from the
project by forested vegetation. Thus, the project is unlikely to significantly affect levels
ofhuman disturbance in tl_s wetland.

Provides amphibian habitat
Wetland 43 rates as moderate to high for this function, while Wetland 44 rates as low for

rids fimction. Wetland 44 contains significant open water, emergent vegetation, and
downed woody debris that are key habitat features for amphibians. Wetland 44 lacks

these features. Amphibian habitat adjacent to both wetlands is poor due to a variety, of
land-uses. In addition, the wetlands are isolated from other suitable breeding habitat that
further limits the habitat value of the wetlands for amphibians.

Because interchange construction and operation wiU not alter wetland vegetation or
hydrology, no direct impacts to amphibian habitat wiU occur. The project will not

remove forested areas potentially used by adult amphibians, nor will it create any
migration barrier between breeding habitat in the wetland and suitable terrestrial habitat

elsewhere in the watershed. As explained elsewhere, Level 2 storm water management
and water quality treatment facilities will prevent increased water level fluctuations or

water quality impacts that could affect amphibian populations. Indirect impacts to
amphibians through increased noise are unlikely.

Provides small mammal habitat l-

Wetland 43 and Wetland 44 are rated moderate to high for this fimction. The vegetation
in the wetlands provides heterogeneity, standing dead snags, and offers good cover and
food for small mammals. Both wetlands are adjacent to SR-509 and residential
development, noise and other human disturbances are prevalent in each wetland. This

condition has also eliminated and fragmented habitats in adjacent upland areas, such that

use of the wetlands by small mammals is limited to those tolerant of human activity.

Small mammals that are expected to use the wetlands include raccoon, opossum, coyote,
mice, rats, and squirrels. Beavers inhabit portions of Wetland 43.

Sim_ificant indirect impacts, including human disturbance, to the wetlands' small
mammal habitat functions will not occur. For example, while construction activities will

occur near the wetland, the wetland adjacent to the entire project is already bisected by
SR-509 and is near South 176th Street or other developed property. This results in

ongoing human disturbance and noise. The vegetated slopes of the existing SR-509
roadway (the construction site for most of the project) are maintained as highway right-
of-way through mowing and periodic clearing of woody vegetation. Portions of several

parcels that are part of construction are clear of woody vegetation due to past residential
landuses. As a result, construction near the wetland will neither remove any significant
habitat for small mammals nor remove any vegetation barrier that may screen the

The wetlandsdonotprovidesignificanthabitat for largemammalsbecausethey aretoo small to
independentlysupportthe habitatreqmrementsof largemammalsfound mwestern Washington. Large
mammalscannotuse thewetlandsbecauseadjacentdevelopmentand habitatfragmentationpreventsaccess.
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wetlands from human disturbance. The project will not create any new barriers that

would sit, nificantly alter movements of small mammals between the wetlands and other
areas of suitable habitat because the existing SR-509 roadway is already a si_mificant
barrier to wildlife movement.

Exports organic matter
Both Wetlands 43 and a4 rate as high for the export of organic matter to downslope

aquatic systems (i.e., Walker and Miller creeks). This function is enhanced by seasonal
(Wetland 44) and perennial (Wetland 43) channelized flow, presence of open water, and
a deciduous forest overstory.

Direct or indirect impacts to this function will not occur during the construction and

operation of the temporary interchange because the stream channels, hydrologic
conditions, or riparian area will not be modified. The 36-inch diameter culvert
cotmection between each wetland will remain and will not be altered. No vegetation that

provides organic matter input to streams will be removed.

Maintains groundwater exchange
Both Wetlands 43 and 44 rate as high for this function. Each wetland is predominately
an area of groundwater discharge, as evidenced by springs and seepage areas in several
locations.

No direct or indirect impacts will interfere with the wetland's ability to maintain
groundwater exchange during the construction and operation of the tempor_.
interchange. Existing groundwater collection facilities located beneath SR-509 will be
maintained during construction and operation. They will remain isolated from new and

existing stormwater conveyance systems, so that no change in the rate or quality of
groundwater entering the wetland will occur. Existing road fill upon which the project
will be built does not provide groundwater discharge functions because the fill is elevated
above the ground surface and thus isolated from groundwater tables. The SR-509
pavement surface prevents infiltration of rainwater into the fill, so there is no source of
water to discharge from the fill. Drainage for the structural earth walls will contain
subsurface drainage systems that allow the small amount of groundwater that could

otherwise collect behind them to discharge to the wetland. Infiltration through
stormwater detention facilities will likely replace the small reductions in in_filtration
through the existing fill due to new impervious surfaces 2.

Provides flood-storage and runoff de-synchronization
Wetland 43 rates as high and Wetland _ rates as low to moderate for this function.

Wetland 44 is a slope and offers hydrologic roughness that slows and temporarily detains
stormwater. Wetland 43 is a large depression that detains floodwater and moderates peak
flows in Walker Creek, which has its source in this wetland.

'-Infittrataontnto fill immediatelyadjacentto the wetlandwould not affect creek base flowsbecausethe
ttmeof travelbetweenthepoint of inflltrauooand downslopedischargesite 10- 50 feet awaywouldbe
veryshort. Therefore,the effect of reducedinfiltrationdue to newpavementwouldnotbe significant.
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No direct or indirect impacts will occur to these wetlands' ability to provide flood-storac'e
and moderate peak flows during the construction and operation of the temporary.'

interchange, because no physical modification to the wetland will occur. Wetland area.
existing hydrologic connections, wetland topom'zphy, and wetland vegetation will not be
altered by the project.

Enhances nutrient retention ud sediment trapping

Wetland 43 rates as high and Wetland 44 rates as moderate for this function. Wetland -_
is a slope with channelized flow that exits the wetland through a 36-inch diameter culvert
at SR-509. The wetland may act as a sink for sediment that enters the perimeter of the
wetland. However, due to the high gradient and eroded channel in the base of the ra_Sne,
it is also likely to be a source of sediment to Wetland 43. The large area, dispersed
channels, low-flow velocities, and dense vegetation in Wetland 43 create nearly optimal
conditions for nutrient retention and sediment trapping. The open water in Wetland 43
would be subject to high solar radiation during the summer months and would contribute
to high stream temperatures in the upper portion of Walker Creek.

No direct or indirect impacts will interfere with the wefland's ability to retain nutrients
and trap sediments during the construction and operation of the temporary interchange.
Wetland area, existing hydrologic connections, and wetland vegetation will not be
impacted during the project.

Buffer Functions

As explained above, the temporary, interchange project will not result in significant
indirect impacts to the functions provided by Wetlands 43 and 44. The modification to
the wetland buffer through development of the interchange will not alter characteristics of
the wetland that are critical to providing the various functions analyzed above. Neither
will the modifications alter the protective functions that a buffer could provide (i.e.,
screening of the wetland _om human activities or protection of water quality), because
significant woody vegetation is removed through periodic maimenance and because

stormwater is not conveyed to the buffer for treatment. Therefore, it is apparent that the
areas modified for the interchange do not provide significant protective functions as a

wetland buffer. Their ability to function as wetland buffer has been eliminated by past
filling and their existing land uses (i.e., as highway, street, and residential areas) that
result in periodic mowing and elimination of most native vegetation.

CONCLUSION

The proposed interchange project involves no discharge of fill material to wmers of the

United States. Further, the proposed interchange project has been exhaustively evaluated
for potemial direct and indirect impacts to the condition and ecological functions
provided by the wetlands. Based on the project design and analysis presented above, no
direct impacts and no significant indirect impacts to the wetland will occur.
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Attachments:
Plan Set

HydraulicReport
1961and 1995aerialphotogzaphs

Wetland delinca_on map

\\KIR._LAND_I',VOLI\DATA\workins_2912_5291201_03r_u',509Wet|and M_no_.doc
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@i DEPARTMENT OF THE ARMY

SEATTLE DISTRICT, CORPS OF ENGINEERS
P.O. BOX 3755

SEATTLE, WASHINGTON 98124-37_

REP'.V TO

ATTENTION OF

Regulatory Branch "' '- _, _-_,,

Elizabeth Leavitt
Manager, Aviation Environmental Programs
17900 InternationalBlvd., Suite 301
Sea-Tac WA 98188-4236

Reference: 1996-4-02325
Seattle, Port of

Dear Ms. Leavitt:

Enclosed is a copyof our Memorandum for the Record confirmingthe final jurisdictional
determinationfor your proposed SR 509 Temporary Interchange. We concurwith the
boundaries as outlinedin the map submittedby Parametrix Inc. on your behaff, dated
June 15, 2000. Our concurrenceis also based on site visitsperformed by U.S. Army Corps of
Engineers (Corps) staffon May 25, 2000, and June 8, 2000, and preliminary field data
submittedby Parametrix on June 12, 2000.

This new informationwarrants revision of the southern boundary of Wetland 44a,
previouslyconfirmed by the Corps based on the revised draft =Wetland Delineation Report,
Master Plan Update improvementsfor Sea-Tac InternationalAirport", prepared by Parametrix
Inc., datedAugust 1999. This wetland delineation confirmationrevision may be appealed if you
so choose. Enclosed is the March 9, 2000, administrativeappeal rule package.

The most recentplans for the proposed SR 509 Temporary Interchange, dated
May 3, 2000, includethe discharge of fill material into 0.011 acres, or approximately 500 square
feet of a jurisdictional wetland. We will analyze thisadditional impact together with all of the
project impacts for the Sea-Tac Master Plan update project in making a permit decision. You
are not authorized to proceed withthe work outlined in the SR 509 Temporary Interchange
plans before we reach a permit decisionfor the entire project. If you decide to redesign the
project to avoid Corps jurisdiction, please submit new project plans to the Corps for review.

For your information,when the Corps has completed revisingthe originalMemorandum for
the Recordfor all waters of the United States, includingwetlands in the project area, we will
provide you a copy. If you have any questions,feel free to contact Mr. Jonathan Freedman, the
project manager at (206) 764-6905

Sincerely,

SIGNED

Thomas F. Mueller
Chief, Regulatory Branch

Enclosures

Copy Furnished: Parametrix Inc., Attn, Jim Kelley
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NWS-OD-RG 13 June 2000

MEMORANDUM FOR RECORD: Jurisdictional Determination

I. Applicant. Port of Seattle - Third Runway Prcject
1996-2-02325

2. Background/Project Description. The U.S. Army Corps of

Engineers (Corps) is currently reviewing the Port of Seattle's

(Port) proposal to construct a third runway and related
facilities at Sea-Tac International Airport (STIA), located at

the city of Sea-Tac, Washington. The Corps has not, to date,

made a permit decision on the proposal. It came to the Corps'

attention that the Port had plans to begin construction on a

temporary interchange at S. 176 th St. and SR 509 during the

summer of 2000. The temporary interchange would facilitate
truck access for fill material for the third runway, which is

being stockpiled on upland portions of the Port's property.

The Port is fully aware that any construction they do related

to the Third Runway project on uplands before the Corps has

made a permit decision, they do so at their own risk. The

Corps will consider any of those activities preceding our

permit decision in our final determinations for the pro3ect as

if they were still prospective.

The Port, concerned citizens and scientists, Washington State

Department of Transportation (WSDOT), and Congressional

entities have all requested that the Corps make a

jurisdictional determination on the construction of the

temporary interchange. The Corps has reviewed the following

documents in making our determination in relation to this

specific action for the project:

Project Manual, Including Specifications for SR 509 Temporary

Interchange at South 176 = Street, prepared by the Port of

Seattle, dated March I, 2000. This appears to be a bid
document.

Port of Seattle Advertisement for Bids document (SR 509

Temporary Interchange at South 176 = Street), dated March 22,
2000.

Letter from the City of Burien to Mayor of Sea-Tac expressing

concern over the temporary interchange, dated March 28, 2000.
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Letter from Hesell/Fetterman to WSDOT and Washington State

Department of Ecology (Ecology) concerning temporary

interchange, dated April 6, 2000.

Hydraulic Report (Seatac International Airport Third Runway

Direct Access, Temporary Interchange at SR 509 and South 176 =

Street, SR 509 M 23.19 to 23.71), prepared by RRTB

Corporation, dated April 12, 2000. The report was addressed
to WSDOT.

Memorandum (Analysis of indirect impacts to wetlands from the

temporary SR-509 interchange - Seattle-Tacoma International

Airport), prepared by Parametrix, dated May 3, 2000.

A full set of construction plan drawings for the Temporary

Interchange project, prepared by HNTB Corporation. The Corps

received this set of drawings on May 8, 2000. The drawings

are dated February 24, 2000.

Letter from Peter Eglick, Attorney (Helsell Fetterman) for

Airport Communities Coalition (ACC), dated May 24, 2000.

Report prepared by Azous Environmental Sciences (Review of

Wetlands Impacts Resulting from Construction of Temporary

Intercahnge at SR 509 and S. 176 = Street), dated May 24, 2000.

Letter from the Law Offices of Helsell/Fetterman concerning

the ACC's Supplemental 60 Day Notice of Intent to Sue, dated
June 2, 2000.

Report prepared by Azous Environmental Sciences (Review of

Wetland 44a in Relation to proposed Temporary Interchange at

SR509 and S. 176 = Street), dated June 5, 2000.

Letter from the Law Offices of Helsell/Fetterman to Mr. Phil

Schneider, Habitat Biologist, Washington Department of Fish
and Wildlife (WDFW), dated June 6, 2000.

Report prepared by Col.,mhia Biological Assessments (Sea-Tat

International Airport SR-509 Temporary Interchange at S 176 _

Street and Its Potential Impacts on Fisheries Resources of

Walker Creek), dated June 6, 2000. This report was addressed

to Phil Schneider (WDFW) with a copy to the Corps.

Preliminary information (map, data sheets, soil descriptions)

for the east side area of the proposed temporary interchange,
submitted by Parsmetrix, dated June 12, 2000.
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A aeries of e-..ail exch,.nges between Ecology, _-be Corps, and

King County (King County is the lead on reviewing _he Por_'s
most recent Stormwater Plan for _he proposed Third Runway

Project ), concerning the temporary interchange. E-mails from

Ecology were forwarded to the Corps on May 23, 2000; May 26,

2000; June 2, 2000.

It should be noted that the above document list is not an

exhaustive list. The Corps has received letters of concern from

citizens in regards to the temporary interchange pro3ect stating

that there may be direct and indirect impacts to wetlands. The

Corps has considered all submittals for our decision relevant to

the temporary interchange. All information, documentation,

reports, letters, etc., which the Corps received in response to

the Ports proposal to move forward with construction of the

temporary interchange remain a part of the official Corps record

for this permit action.

3. Site Visits. In addition to the Corps reviewing all of the

relevant information concerning the temporary interchange, the

Corps conducted site visits to this area on three separate

occasions. These include the following:

Summer of 1998. The Corps conducted dozens of site visits to

the area of the Third Runway Project during this period of

time, as the Port acquired properties in the buy-out and

project impact areas. The Corps does not have specific data

sheets correlating to Wetland 43 (located on the west side of

SR 509) or Wetland 44a (located on the east side of SR 509).

There is conflicting information presented in the Wetland

Delineation Report (Report), prepared by Parametrix, and dated

August 1999, for Wetland 43. According to Figure 4 of the

Report, the Corps never did confirm the boundaries of Wetland

43, but we had confirmed the entire boundary for Wetland 44a.

Table 3 of the Report (Summary of wetland and other waters of

the U.S. areas in the STIA Master Plan Update improvements

area), does not even list wetland 43, nor is it described in

the Report. However, Map #i0 in the Report shows part of the

eastern boundary of Wetland 43 as being surveyed and confirmed

by the Corps. In addition, the Report shows the northern edge

of Wetland 44a was neither surveyed, nor confirmed by the
Corps (the Corps points this out in our MFR for the wetland

delineation - final document in progress). The Corps did not

concentrate our efforts in confirming the wetland delineation

lines in this area since during the sunnier of 1998, we were

not made aware of any construction impacts (either direct or

indirect) that were proposed or anticipated in this area.
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Parametrix contends that the Corps did look specifically at

the wetland delineation line for Wetland 44a in the area

closest to the proposed temporary interchange; however,

neither the project manager nor the environmental analyst who
conducted all site visits can recall with any certainty that

we specifically (as in which flags) looked at the entire line

in this area. After receipt of the information regarding the

SR 509 temporary interchange, the Corps determined it was

appropriate to conduct another site visit to accurately
confirm the delineation in this area due to the proximity of

the proposed temporary interchange to wetlands 43 and 44a.

_L_._-_. Corps staff met with Parametrix and the Port on

site at the proposed interchange location to review project

plans and to consider comments we had received from Azous

Environmental Sciences concerning the wetland delineation in

the project plans - specifically concerning Wetland 43. While

on site, Corps staff requested that we closely look at the

" pinch" point for Wetland 44a (that point at which the

proposed retaining wall for the interchange comes closest to

the delineated wetland approximately 12 feet). During that

inspection, it became apparent that the wetland delineation

was inaccurate for the western boundary of Wetland 44a, since

there was hydrology and wetland vegetation expression above

and east of the wetland delineation line flagged by Parametrix

in the summer of 1998 and presented in the wetland delineation

report, dated August 1999). Soils dug in this area were

clearly hydric. Several plots which the Corps took outside of

the delineated area, contained the 3 wetland parameters

(hydrophytic vegetation, wetland hydrology, and hydric soils).

We collected some data (see attached data sheets). The

potential wetland continued upslope from the Wetland 44a

boundary. We also inspected the rock lined highway swale,

which had clearly not been maintained for quite some time.

Much of the site in this location was dominated by Himalayan

blackberry, with an understory of horsetail, and grasses

(fescue, some velvet grass, and bentgrass). We asked the Port

to remove the blackberries by hand and to look at the area and

submit a report of their findings. Based on the information

we collected and observed in the field, and the Port's own

data, there appears to be an area within the

footprint of the retaining wall for the temporary interchange

which meets the three parameters for a wetland. It was agreed
that the Corps had to make a decision on whether this wetland

was jurisdictional and to consider all relevant factors for

making a decision. One relevant factor to be considered was

that the wetland had formed in fill soils placed in 1978 for

4
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_ construction of SR 509 (see more discussion below in

jurlsdictional determination).

In addition to inspecting the area around Wetland 44a, we also

inspected the area on the west side of SR 509, inclusive of
Wetland 43. The discrepancy between HNTB's project plans and

the wetland delineation, as pointed out in the Azous Report,

became apparent during our site visit. The area in question

contained two older and vegetated (PSS/PEM/POW) stormwater

ponds constructed by WSDOT for SR 509. The ponds were

excavated in hydric soils (wetlands), and as such, would be

considered jurisdictional, if the project included discharges

into these ponds. Maintaining the ponds to original depths

and configuration could be authorized via Nationwide Permit 3,
but as of the date of this MFR, the Port does not have plans

to impact these ponds either by filling or maintaining them to

original contours. In the wetland delineation which

Parametrix prepared for the project as a whole (August !999),

the stormwater ponds in this area were included within the
boundaries of Wetland 43. HNTB excluded the stormwater ponds

from Wetland 43 per the request of WSDOT. According to KNTB,

WSDOT requested that the ponds not be included in the wetland

area because it is within WSDOT's right-of-way, and WSDOT

(erroneously) assumed that the ponds would not be

jurisdictional. Since the ponds are jurisdictional, HNTB will

revise the temporary interchange drawings to reflect this.

Based on this site inspection, the Corps was able to confirm

the wetland delineation line for Wetland 43 it is clearly

demarcated by a compacted gravel fill access road. The

wetland edge starts at this fill prism and continues westward

into a large wetland system (known as the Airport Park

Wetland). There will be no direct impacts to this wetland

from the construction of the temporary interchange on the west
side of SR 509. This statement is based on the Port's

assertion that the stormwater outfall into the stormwater

ponds does not need to be retrofitted for the construction of

the temporary interchange. We will not know that for sure
until all the stormwater issues are worked out between

Ecology, WDFW, King County, and the Port.

In addition, the Corps has determined that it is appropriate

to confirm the delineation of the northern edge of Wetland 44a

since the Port now has access to this property and it is in

the vicinity of the proposed temporary interchange. The Corps

plans on doing this in the near future.
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June 8. 2000. The Corps (Gai! Terzi, Tom Mueller, Geoff

Mueller), EPA (Steve Roy, EPA attorney - Deborah Hilsman),

Port (Elizabeth Leavitt, Tom Walsh - Port attorney),

Parametrix (Jim Kelley), and KNTB engineer (Jim Soukup) all

visited the site. During this site viszt, the Port presented

information that they believed should lead the Corps to

conclude that it should not regulate those areas adjacent to

the western boundary of Wetland 44a which met the 3 wetland

parameters.

The Port's contention is that the hydrology associated with

the subject area is due to either (I) the unmaintained rock

lined highway swale leaks laterally during storm events to

express hydrology in that area of the fill material, or (2)

all/some of the subsurface drains installed by WSDOT when

SR 509 was built are not functioning properly, thereby leaking

subsurfacely, and expressing on the surface at the base of the

fill slope. The Port also stated that the catch basin

(located at the top of the fill slope between the SR 509 fill

embankment and the highway) which captures groundwater from

the subsurface drains in the cut for SR 509 construction may

be cracked and leaking, thereby allowing groundwater and/or

stormwater to infiltrate in the fill area, which is being

expressed through the now hydric fill at the base of the slope

for SR 509. We all had a long discussion of the potential

source(s) of hydrology in the field. Several plots were dug -

no official data was taken during this site visit. All in

attendance agreed that the area in question met the three

wetland parameters.

One option presented to the Port was that they could maintain

the highway drainage system (ie - fix the leakage problem,

reconstruct and line the rock lined swale, inspect the catch

basin, etc.). Then the Corps could revisit the site later,

such as in the early spring of 2001, to see if the subject

area still met the 3 wetland parameters. If it did not meet

the three wetland parameters, this would potentially

substantiate their opinion that the hydrology was artificially

created from leakage from the stormwater swale constructed in

the fill embankment or the subsurface drains. The Port has

declined to take this option.

AR 048493



4. Jurisdictional Determination. The following factors were

considered in our decision:

• Preceding the construction of SR 509 around 1978,

wetlands 43 and 44a were one very large contiguous

wetland system. Construction of the highway bisected the

wetland into two parts. Inspection of aerial photography
has substantiated this.

• A majority of the fill for this area of SR 509 was placed

in a wetland. It appears from the surrounding landscape,
that some hillsides were cut and some wetlands were

filled for construction of SR 509. The drainage patterns

in this entire area have been substantially altered, and

the present condition has existed for at least 22 years.

• This area does not meet the definition of discharges not

requiring permits as described at 33 CFR, Section

328.3(e). It is not a " waterfilled depression created

in dry land incidental to construction activities."

• The fill material for the SR 509 embankment has been in

place for some 22 years. It would now be considered a

new normal circumstance. It is apparent that the

wetlands have formed at the area where two fill slopes

intersect. This is at the point where the slopes briefly

flatten out before continuing easterly, down another

fairly steep slope to the native wetland in the original

landscape position.

• The delineation for Wetland 44a, as depicted in the

wetland delineation report, included an area upslope

(west of) the native soils and wetland. The Corps

accepted this as a new normal circumstance and considered

this area as jurisdictional wetland. The wetland

conditions presented further upslope (continuing in a

westerly direction) and outside of the original wetland
delineation line for Wetland 44a have the same

characteristics as the area included in the original
delineation. It should be noted that the Port contends

that the hydrology associated with the area of Wetland

44a in the fill slope which was included in the original

delineation is driven by capillary fringe of the wetland

hydrology immediately downslope. The Port has stated

that they believe that capillary action could not account

for the wetland hydrology further upsiope (it is

generally accepted that capillary fringe action can

occur in about 12 inches of non-sandy soils).

• The hydrology associated with the subject area appears to

be coming from either groundwater, subsurface seepage of
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APPENDIX I

STORMWATER DETE]NWIONPOND DESIGN
FOR THE MILLER CREEK BASIN
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POND PLAN AND PROFILES

Plan Ref. No, Sheet Title
C13'! POND F PLAN
C132 POND F PROFILE
C133 POND D OUTLET PLAN

C133.1 POND D PLAN

C134 POND D PROFILE
C134,1 POND D SECTIONS
C135 rPOND G PLAN

C135.1 IPONDG MISCELANEOUS PROFILES
C136 POND G PROFILE
C137 IPOND C PLAN
C138 POND C PROFILE
C139 SDS4 BASIN VAULT PLAN AND PROFILE

C140 SDS7 BASIN VAULT PLAN AND PROFILE
C141 SDS3.3A, AND 5 BASIN VAULT PLAN AND PROFILE
C142 NOT USED
C143 NOT USED
C144 NOT USED
C145 SDN3 BASIN VAULT PLAN AND PROFILE
C146 SDN2/SDN4 BASIN VAULT PLAN AND PROFILE

C147 M6 BASIN VAULT (NEPL) PLAN AND PROFILE
C148 SDN1 BASIN VAULT PLAN AND PROFILE

C149 SDN6 BASIN (CARGO) VAULT PLAN AND PROFILE
C150 SDN3A BASIN VAULT C1 AND C2 PLAN AND PROFILE

C151 SDN1A BASIN VAULT G1 PLAN AND PROFILE

Page 1 of 1 Printed12/15/00
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APPENDIX J

FEASIBILITY OF STORMWATER INFILTRATION
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FEASIBILITY OF STORMWATER INFILTRATION
THIRD RUNWAY PROJECT,
SEA-TAC INTERNATIONAL AIRPORT

SEATAC, WASHINGTON

SUMMARY

Infiltrationtestshave been performed for selectedsites on the west side of the

proposedrunway embankment to evaluate the feasibilityof infiltrationaspart of
the Stormwater Management Plan (SMP) for the Sea-Tat Third Runway project.

The testingperformed to date shows infiltrationisfeasible intwo of the areas
tested (Areas 1 and 3). Preliminarydesigninfiltrationrateshave been developed
from the field testsusing methods stipulatedby KingCounty (1998) as listed in
Table 1. Basedon these results,potential infiltrationcapacities(in cubic feet per

second [cfs])at the individualsiteshave been developedfor nominal 8-foot-wide
infiltrationtrenches totaling400 feet in length:

• InfiltrationArea 1 can accommodate stormwater disposalat an average rate

of 0.30 cfs;and
• InfiltrationArea 3 can accommodate stormwater disposalat an average rate

of 0.15 cfs.

Additionaltrenchesmay be located in these areas to increaseinfiltration
capacity, dependingon sitelogistics.

These data are suitablefor conceptual infiltrationfacilitydesign. The infiltration

capacityof any site will depend on the detailed designand layout (i.e., area and
elevation) of the infiltrationfacility,and the degree of variability in soil conditions
beneath the faciliW. Additional infiltrationtestsand soil boringswill be needed
to meet all the requirementsof the King CountySurface Water Design Manual
(1998) and should be completed once provisionalfootprints of the facilitiesare
established.

Thisreport summarizesdesignrequirements for infiltrationfacilities,field data
collection performed by Hart Crowser, and resultsof our work to date for
InfiltrationAreas 1 and 3.

INTRODUCTION

As a result of increasedstormwater storagecapacityrequirementsin the SMP,
Hart Crowserwas taskedto investigatepotential sitesfor infiltrationof detained

Hart Crowser Page 1
}4978-06

AR 048521



storrnwater on the west side of the proposed Third Runway project area (see

Figure 1 for general location). Based on the location of detention ponds C, D,

and G, three sites were identified as potential sites for infiltration of water

discharged from detention ponds and/or vaults on the airfield. Additionally, the

footprint of detention ponds C, D, and G were also considered for potential

infltraUon capacity. LocaUons of the detention ponds and infiltration Areas 1, 2,

and 3 are shown on Figures 2 and 3.

Infiltration testing was conducted along with the collection of soils and

groundwater data that are needed to establish if infiltration can be implemented
in each area in accordance with the requirements of the King County. Surface

Water Design Manual (KCSWDM - King County, 1998). The overall

requirements for infiltration facilities are summarized in the following section.

INFILTRATION FACILITY REQUIREMENTS

The following summary outlines the General Requirements (Section 5.4.1 of the

KCSWDM) for infiltration facilities (ponds, tanks, and trenches) associated with

the natural site conditions. Additional requirements identified below under

"Other Engineering Considerations" need to be addressed by the engineering

design team.

Soils

• The basic requirement is a minimum of 3 feet of permeable soil below the

bottom of the facility and at least 3 feet between the bottom of the facility
and the maximum wet-season water table.

• A minimum of two test pits or soil borings per 10,000 ft: of infiltration area

are required to characterize the site.

• Test pits or borings should extend at least 5 feet below the bottom of the

infiltration facility, and at least one test hole should reach the water table.

Measured Infiltration Rates

• The measured infiltration rate should be determined using either the double-

ring infiltrometer test (ASTM Method D 3385, 2000) or the EPA falling head

percolation test procedure (EPA, 1980).

• Sufficient tests should be performed to determine a representative infiltration

rate but at least three tests shall be performed for each proposed infiltration

facility.

Hart Crowser Page2
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Desi.qn Infiltration Rate

• The design infiltration rate shouldbe calculatedby Equation5-9 of the
KCSWDM, usingthe correction_actorslistedin that Section 5.4.1.

Off-site Groundwater Impacts

• The impactsof infiltrationshouldbe consideredfor the potential to provide
increasedwater to landslideareas,increasedgroundwater resources

available,increasedwater levelsin closed depressions,and higher

groundwater levels.

Groundwater Protection

Groundwater protection requirementscallfor implementing one of the following
actionswhen infiltratingwater from pollution-generatingsurfaces:

• Providewater qualitytreatment prior to infiltration;or
• Demonstrate that the soil beneath the infiltrationfacility haspropertieswhich

reduce the riskof groundwater contaminationfrom typical stormwater
runoff.

Other Engineering Considerations

• 100-Year Overflow Conveyance
• SpillControl Devices
• Pre-settling
• Protection from Upstream Erosion
• ConstructionGuidelines.

Thisreport by Hart Crowserprovides a preliminary assessmentof the soils,
infiltrationrates,and hydrology of each site to establishthe feasibilityof
infiltration. Engineeringaspectsand site logisticswill be addressedby the design
team as part of final design.

APPROACH

The type of infiltrationtest chosenat each location was dependent on the depth

of the targetsoilstrataor pond elevation. Generally, for testslessthan 4 to S
feet below groundsurface,-testpits were dug and the double-ringinfiltrometer
method was used. Thismethod involved repeatedly measuringa small (< 1/4
inch) change inwater level in both the inner and outer ringswhile consistently
maintaininga head between S.S and 6 inchesin both ringsuntil a relatively

Hart Crowser Page3
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constantrate was obtained. Presoaking the testarea is not required;however,
to limit the amount of inconsistentreadingsat the beginning of the test, a

presoaking period of approximatelyone hourwas employed.

Fortestingdepths below 5 feet, the EPAmethod was usedin an augered hole
with a 6-inch-diametertemporary casinginserted to prevent caving of the
boreholewalls. This method involvedrepeatedly measuringthe water level drop

from an initial head (6 inchesabove the base of the hole) over a given period

untila relativelyconstantrate was obtained. At the end time intervalthe water
levelwas adjusted back to the original head level prior to starting the next
measurement. A minimum of four hoursor overnight presoaking of the test

zone was performed.

The seasonalhighgroundwater levelwas estimated by measuringcurrent
groundwater levelsin existingor recently installedmonitoring wellsat each site
and comparing these with longer recordsfrom existingnearby wells in similar
hydrogeologicsettings..Additionally,soil profile characteristicssuchas low
chroma mottlingwere alsoreviewed to assessthe seasonalhigh groundwater
levels.

RESULTS

We have completed infiltration testsand soil boringsat one pond location and
three potential infiltrationareas:

• Pond G;

• InfiltrationArea 1 (between Pond C and Pond G);
• InfiltrationArea 2 (southof Pond G); and
• InfiltrationArea 3 (northwestof Pond D).

Resultsof the double-ringinfiltrometertestsare listed in Table 2; resultsof the
EPAmethod fallinghead percolationtestsare listed inTable 3.

Work on Pond D isstillin progress. A thirdpond location (Pond C) was
consideredbut the presenceof groundwaterseepage precludedfurther
considerationof infiltrationat Pond C. Infiltrationin Pond G and Area 2 proved
to be unfeasibledue to low permeability soilsand/or high groundwater levels.
Logsof soil boringsand test pitsare included in Appendix A for InfiltrationAreas
1 and 3.

inthe following summaries,we includean estimate of the designinfiltrationrate
for each area. This is currentlybasedon the average valuesof the measured

Hart Crowler Page 4
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infiltrationratesfor each area, factored by our estimate of the appropriate
correctionfactors, asstipulatedby KingCounty (1998). However, given the

variabilityof the soilsencountered to date, the mean value may not be

appropriate for the entire facility at each location. Finaldesignwould take into
account the resultsof additional facility-specifictesting, the actual geometry, of

the proposed facili_es,and additional design adjustmentsto provide an
adequate "factor of safety._

Finalmeasuredinfiltrationvalueswill be recommended for the designof the

proposedfacilitiesafter completion of the additionalboringsand testsneeded to
fulfillKCSWDM requirements.

Infiltration Area 1

Investigativeexplorationsshow a consistentslightlysilty'fine to medium sand
occurringacrossthe site. The sandunit startsjustbelow the surfaceand extends

to depths of 8 feet (approximately268 feet elevation)where deeper material
increasesin siltcontenL

The groundwater levelmeasured in the new monitoring well HC00-B333, during
November 2000, had an elevation of 268.5 feel Table 4 liststhe seasonalwater

levelvariationsfor two comparable wells eastof InfiltrationArea 1 with water
level recordsthat include lastyear's seasonalhigh. Based on the average
seasonalfluctuationin these wells, andassumingcurrentlyobserved water levels
correspondto the seasonallow, the projected seasonalhigh water level for
HC00-B333 is 273.1 feet (approximately 8 feet below groundsurface).

The locationstested exhibited mediumto high infiltrationcapacitiesranging
from 4.6 to 20.4 in./hr. Resultsare summarized in Table 1.

To illustratethe infiltrationpotential of this site,we have estimatedthe infiltration
capacity of 400 linealfeet of 8-foot-wideinfiltrationtrench(es). Usinga design
infiltrationrate of 4.2 in./hr, suchtrenchesin Area 1 may be expected to
infiltrate0.30 cfsof storrnwaterfrom SMP area SDW1A.

Infiltration Area 3

Three testpitsrevealed varyingshallow soil composition. The northerntwo test
pits (HC00-TP338 and HC00-TP339) encountered silty fine to medium sandat

elevationsbetween 297 and 308 feet. Test pit HC00-TP337 in the southern
portion of the site revealed dry silt from the surfaceat approximate elevation
309 feet, to the bottom of the test pit (approximate elevation 301 feet).
Althoughnot determined at this time, the groundwater level in InfiltrationArea 3

Hart Crowser Page 5
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is expected to be at a depth of at least 10 feet based on the absence of seepage

into the test pits. Local water table mapping by AESI (2000) suggests that the

groundwater elevation in the shallow regional aquifer is around 230 to 240 feet

at this location.

Double-ring infiitrometer tests were conducted in test pits approximately 3 to 4

feet below the ground surface (i.e., approximately 302 to 309 feet elevation).

Two were located in a silty sand deposit and provided moderate infiltration rates

of 7.5 and 5.0 inJhr. The third test was performed in finer-grained silty soil and

gave an infiltration rate of 0.94 in./hr.

Using an estimated design infiltration rate of 2.7 in./hr and assuming overall

trench dimensions of 400 feet by 8 feet, Area 3 should infiltrate approximately

0.2 cfs of stormwater from SMP area SDW1B. Additional trenches may be an

option in this area; however, the proximity of the adjacent slope (greater than

15%) may require regrading to create benches. The KCSWDM indicates that a

geotechnical _ssessment of slope stability would likely be required for

construction of an infiltration facility in Area 3.

hart Crowser
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CONCLUSIONS

The results o1:our soil borings and infiltration tests show that Areas 1 and 3 are

suitable for infiltration of detained stormwater. The infiltration capacities quoted

in this report are provisional; the appropriate design infiltration rate for each area

depends on the chosen location, layout, depth, and length of infiltration

trenches. The implementation of infiJtrationfacilities will necessitate full

consideration of relevant engineering requirements as outlined in the KCSWDM.

Sincerely,

HART CROWSER, INC.

ROBERTO. MIDDOUR

Project Hydrogeologist

iII =l J

!,.,,,,,.,,9_17/o, I IExP,.Es,V,'_/,- ,, I

MICHAEL A.P. KENRICK, P.E. MICHAEL J. BAILEY, P.E.

Senior Associate Hydrogeologist Proiect Manager
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. Table 3 - Falling Head Percolation Tests Sheet1 of 2

LocationID Test Elapsed Changein Percolation SoilT_1_e
Number Time Head Rate

in min in feet in in./hr I

Infiltration Area 1

HC00-B327A 1 2 0.06 21.60 SlightlysilW,
5 0.15 21.60 fine to medium

SAND

2 2 0.06 21.60
5 0.14 20.16

3 2 0.06 21.60
5 0.14 20.16

4 2 0.0.5 18.00
5 0.14 20.16

S 2 0.05 18.00
5 0.14 20.16

6 2 0.06 21.60
5 0.14 20.16

HC00-B328A 1 2 0.02 5.40 Slightlysilty,
5 0.05 7.20 fine to medium
10 O.10 7.20 SAND

2 2 0.02 7.20
5 0.06 8.64
10 0.11 7.92

3 2 0.02 7.20
5 0.05 7.20

10 0.11 7.92

4 2 0.03 10.80
5 0.06 8.64

10 0.11 7.92

i

497806/3__infil_tes_xis Table 3
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Table 3 - FallingHead PercolationTests Sheet2 of 2

LocationID Test Elapsed Changein Percolation SoilType
Number Time Head Rate

in min in feet in in./hr
Infiltration Area 1

HC00-B329A 1 2 0.05 16.20 Slightlysilty,
5 0.10 14.40 fine to medium

10 0.20 14.40 SAND
15 0.29 13.92
20 0.37 13.32
2.5 0.45 12.96

2 2 0.05 18.00
5 0.12 17.28

10 0.23 16.56
15 0.33 15.84
20 0.44 15.84

3 2 0.05 18.00
5 0.12 17.28
10 0.26 18.72
1S 0.37 17.76
20 0.49 17.64

4 2 0.06 21.60
.5 0.14 20.16
10 0.26 18.72
1S 0.39 18.72

Pond G

HC00-B310A 1 30 0.01 0.24 Slightlysilty,
2 30 0.01 0.24 fine to medium
3 30 0.01 0.24 SAND

HC00.B313A 1 30 0.07 1.68 Silty,gravelly
2 30 0.06 1.44 SAND
3 30 0.07 1.68
4 30 0.07 1.68

497BO6/3rd.inELlesti._ Table 3
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APPENDIX A
EXPLORATION LOGS
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Key to Exploration Logs
Sample Description
Ct_'ssificotion of sobs iN t_is reoor', is Dosed on _suol fiel(: on_ Ioborotory ooservotions wmc_ incJuoe density/consistent).
moisture con(:itio_, gro:r szze. am: plasticity estimates one snoulc no; be ¢onstrueo to imo*y hetG nor laooro:orv testing
umeSs preeenteO hereto. V_suoD-monuol cJossification methods of ASTM D 2488 were useO os on identification 9uJae.

So_ oescribtions COnSiSt of the following:

Density/consistency. moisture, color, minor constituents. MAJOR CONSTII"UFNT. odd;tionol remon(s.

Density/Consistency
Soil oensity/con_stency in DOtings is reloteO orimorily to the Stonclorcl Penetration Resistance.
Soil density/consistency in test (:its is estimotecl OdeS(: on visual ooeervotion on(: is oresemteo borentneticony o_ the test oil *ass

Stonw=l St(mOOre: Ao_ozimote
SAND or GRAVEL Pemevatien SiLT o_ CLAY I=enetrsti¢_ S-ec-

Rests|_tce (N) Relmtsnce (N) Strenet_
Density in tbo_i/F'cmt Consistency in B_c_=/Foo'. ,n TS-_

Very loose O -- 4 Very soft 0 - 2 _3.125

Loose 4 - 10 Soft 2 - 4 C._25- 0.25

Medium Oense 10 - `30 Medium stiff 4 - 8 0.25 - O.S

Dense 30 - 50 Stiff 8 - 15 0.._ - 1.0

Very Oense >SO Very stiff 15 -- `30 1.0 - 2.0

Hord >.30 >2.0

t Moisture Minor Constituents E,t,,.ot.o=..=._09.

Dry Little (:erceptible moisture Not i(:entifieO in description O- ._

Damp Some (:ercegtibie moisture, probably below optimum Siigt_tly (clayey. silty, etc.) 5- 12

Moist PraOoD=y near optimum moisture content CJoyey, silty, son(:y. 9ro_ly 12 -.30

Wet Much perceptible moisture, pro_OOly a_ove optimum Very (clayey. s_tty, etc.) 30 -50

Legends Test Symbols

Sampling Test Symbols cs Grair_Size Classification

BORtNC SAMPLES CN Consoli(:otion

UU Un¢onsoli(:otecl Unoroinecl TriaxiolSooon
CU Consoli(:otecl UnOroinecl Triox;o_

r_ 5neloy Tuoe
CD Consoliootecl Draineo Trioxiol

E Cuttings QU Uncon fine(: Comoression

Core Run DS Direct S_'leor

_c No Sombie Recovery K F=ermeob;lity

P TuOe Pusnecl. Not Driven PP Pocket Penetrometer
ADbroximate Comoressive Strength ;n TSF

TEST PIT SAMPLES TV Torvone

ADDroxTmote Srleor in TSFGro_ (,Jar) Strength

Bo_ CBR California Rearing Ratio

MD Moisture Density Re_otionsniiD

[_ Shelby Tube AL Atteroerg Limits

: -- : Water Content ,n Percent

Groundwater Observations I [_L_ N°t..o,L'=_icL,_,

!_ PlOItic Limit

Surface Seal PIP l=hotoionizotion Detector Reocling

CA _i'_emico= Anotysis
_! _:' Groundwater Level on Dote

=_I (ATD) At Time of Drilling DT Jn SituDensity Test

_l _ Ooservotion Wel+ Tip or SIottecl Section

zt /Im'OWSF.R
U

Groun(:wote- Seeooge
(Test P_ts)

J'487'8-08 11/00

Figure A-I
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Boring Log HCOO.B327
- STANDARDPENETRATION LAB

RESZSTANCE TESTS
De_

GroundSm'f_..Eke,m_n m_ 276.1 "_ 2 s t0 20 go 100.0
t_=.m or.... ,m,e. =_vr,_'e<r,w,etY.
rrd,Wm_e,mS/_:).lrJJ_mJa_JY
Gne.,dy. fmemnmeeum_,ND. s.t

$.2

]

5 t

Ivl_umOenm,mo_ grW,d@_lygrm,dly.
vfy _W SAND.

Bottom _ Bin,trig s 9.5 Fret. 10
Complem:111110/00.

I
"-_15

, I

i i i

25 1 2 s 10 2o 5o 100

n
r •

_WSF.R
I. Rebr _, Rgum A-1 br _m_an of c_sc_ns _ synV_.
2.s=_d,,_D=o,_,n_,r=umWm_r. _W_,W, ,,_ m _ .,,y J.,49 78..06 11/00

be_.m,_. Figure A-23. OrotmOv_kerlev_. if indiemtmd,il_m of ¢lYdling(A'rO) cr for4ate
_fi_. Level mwvaryw_ Imm.

AR 048539



8

Q.
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fli

/'/A/n'CROWSF.R
1.RefertoFigureA-1forexplana_'_ofde.rip.cuB andsyrups.
2. s_i Q,_:npI_,s and_ _.m inw'p.m,,, andm _n_ n,,,y J.4978.06 11/00be0radusL
3. Gmundwmmrleve/,Ifindicstsd,is st0msof¢lrBing(ATD)orf_r(_atl Figure A-3

sl:_:_. Lev_msyvatywl_0me.
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1. Refer to F_um A-1 for _Manalmn ¢d d_c_lm_ and syml_s.
2 so,_._ammm_Ns.._m._em..._ma.r._e=y J-4978-06 11/00
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Test Pit Leg HCOO-TP337
Do_ SOL DESCRFtCXCS
mFNt Gn_mlSuda_ F.mmmonmFern:3092 _

0. (Soft),moral im_wnSILT.
1.

2_
S-1 _ 3_ (Medmmstiff), ¢lry,lightI)rOwnanti Oan¢I_o_n SILT.

s"
s'

- 7"

S-2 _ s-" (Harcl),my, _m Ixown SILT.

9. Bou=mof Exmnmon at 8.5 Fee¢
C_npmmd 11/09/00.10.

Test Pit Log HCOO-TP338
Peru so¢ DESCRPTIONS

mFeet GltxaldS_ Etm_mnmFruit:304.90-
(Loose),moral blackand Ixown ml_oU.

1'
(Stir, moist,gray and _ SILT.

2-

3. (Loose),most. Drown,sd_htly silty,free to medum SAND.

s_
o_
7.

Bottomof Explonmon at8.0 Feet.
9" Comp_ed 11/09/00.

10

Test Pit Log HCOO-TP339
Sample _ SOILDESCRIPTIONS

InFeet GcoundSudacoEievatmnmFeet 311.73 0-
(Soft to stiff),Ory,lightDrownSILT.

_' S-1
3;

(Loose), OIImp,Drown,IdighUysilty,free to mediumSAND.
S-2 4-

8" (;_i_), clamp,gray ano DrownSILT.

9' B_m of Ex_mrauonat 8.5 Feet.o
Coml_;ed 11/09/0010

• J

/damt]towc_R
1. Refer to FigureA-1 forexpire'rationof¢lucriptionsIlnl:lsymbols. - _-- _._ .,,.-_.,m.,
2. Soilgescmt_onsan0stratumlinesaminterpratNoanOactualchangesmay J-4978-06 11/00be gra0mM.

3. Groundconditmns,ifmd_ted, areat limeofexcavation.Conditmnsmay Figure A-6varyw_ tram.
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MEMORANDUM

DATE: October 8, 1999

TO: JimThomson, P.E.,HNTB

FROM: Michael Bailey, P.E.,Allen Jones, P.E.,and Doug Lindquist, Hart Crowser Inc.

RE: Sea-TacAirport Third Runway
ProbabilisticSeismicHazard AnalysisResults

J-4978-14

This memorandum presents geotechnical engineering findings from our probabilistic seismic
hazard analysis (PSHA) for the Third Runway project at the Sea-TacAirport. We present a
relation between peak horizontal acceleration (PHA) and the return interval. With this
seismic hazard curve, the Port of Seattle can select what level of earthquake, in terms of

mean annual return interval, and find the corresponding peak horizontal acceleration to

design for.

Analyses and Results

The PSHA analysis involves evaluating the seismic hazard from sources in the region that
will contribute to strong ground motions at the site. Strong ground motions are motions

that have the potential to produce damage to the Third Runway project and are defined as
motions with a PHA greater than about 0.0.5 g. Sources producing these types of

earthquakes include Cascadia events in and between the North American Plate and the
juan de Fuca Plate, the Seattle Fault, and shallow crustal zones throughout Western

Washington. The two most significant recent events in the Puget Sound region are the 1949
Olympia earthquake (PHA - 0.28 g) and the 1965 Seatac earthquake (PHA = 0.20 g).

For this study, seismic hazard is a function of the variation in source magnitude, variation in

earthquake return interval, and variation of source to site distance. Total seismichazard for

the Third Runway site isthe summation of the seismic hazard from each source.The mean
annual rate of return for a site is commonly referred to in terms of probabilities of

exceedence. The most commonly used exceedence probabilities are listed in Table 1, with

the corresponding PHAs computed for this study. Other PHAs for other return periods can

be obtained by using the uniform risk curve presented on Figure 1.
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HNTB J-4978-14

October 8, 1999 Page 2

Table 1 - Peak Horizontal Acceleration at the Sea-Tac Airport for Common Design Levels
of Risk

Probability of Exceedence Mean Annual Return Interval Peak Horizontal Acceleration

(see Figure 1)

50% in 50 years 72 years 0.16 g

10% in .50 years 475 years 0.36 g

.5% in 50 years 975 years 0.47 g

2% in 50 Years 2475 years 0.64 g

Discussion

Selection of the level of risk to designfor is an integral part of the seismic design process.
Using a design level event with a low mean annual rate of return means it hasa higher

probability of occurring, and is thusan event with a relatively weak ground motion. Based
on input from the engineer, the project owner typically selects what is an acceptable level

of seismic risk. For the case of embankment design, the lower probability events will result
in larger estimated design deformations of the runway embankment. To aid in the selection
of an appropriate designacceleration, we present some examples of what levels of risk we

have provided in our geotechnical reports and what was used in design (bold) on other
projects.

I999 Sea-Tat South Termina/ Expansion (prior study)

10% probability of exceedence in 50 years (475-year event) 0.33 g
10% probability of exceedence in 1O0 years (950-year event) 0.46 g

1998 Martin Smith Fourth & Madison (3;8 tons) High-Rise Buildin 8

10% probability of exceedence in 50 years (475-year event) 0.34 g
2% probability of exceedence in .50years (2475-year event) 0.76 g

19gT Safeco Data Cenl_-, (Owner required ve_, high earthquake, r_'sistance)

50% probability of exceedence it, _50years (72-year event) 0.13 g

10% probability of exceedence in 50 years (475-year event) 0.33 g

10% probability of exceedence in 100 years (gSO-year event) 0.42 g

Care should be taken when comparing peak accelerations to different projects at different

sitesin this region. The relative distance to seismic sources,particularly the distance to the

Seattle Fault can be very different. In addition, many advances have been made in the past

5 to 10 years in understanding of the seismology of the region and the expected peak
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accelerations have risen in that time. The enclosed curve represents data specific to the

Third Runway site.

Continuing Work

We recommend meeting with HNTB and the Port to select a seismic basis of design for the

Third Runway embankment. Based on this memorandum and conversations with the Port,

we propose to mutually select the leve_ of risk to be the basis of seismic design. Once the

level of risk is selected, we will use the corresponding peak horizontal acceleration to

generate acceleration time histories to be the basis for the embankment and wall design.

The computed accelerations and time histories will be used for dynamic slope stability and

deformation analyses.

We trust this memorandum meets your current needs. Please call if you have questions or
need additional information.

PSHA.doc

Attachment:

Figure 1 - Site-Specific Uniform Risk Curve for Peak Horizontal Acceleration

Third Runway Project

f,
J
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DRAFT MEMORANDUM

To: Port of Seattle project files April 20, 2000

From: Doug Henderson / Linda Logan 556-2912-001 (61)

Subject: Range-Finding Water-effect ratio results

This memorandum summarizes results of range-finding toxicity tests conducted as part of

the water-effect ratio (WER) study for copper in streams receiving STIA stormwater.
The purpose of these range-finding WERs is to determine if the final WERs would be
robust ertough to warrant the expense of conducting definitive studies. Although range-
finding WERs were conducted in February 1999, these tests were conducted on simulated
receiving water samples that were mixtures of outfall SDS3 stormwater and instream
receiving water. Mixture ratios of these two samples were prepared in the laboratory by
combining measured volumes of stormwater and upstream receiving water in proportions
estimated to occur in the receiving water (based on hydrographs generated using HSPF).
In the event that mixing zones cannot be granted for the creeks, it was agreed that two
additional types of range-finding WERs be conducted, one without any mixing with
stormwater (i.e., receiving water only) and the other one after complete mix, below
ouffall discharges.

Sampling

Samples were collected at five pre-determined locations during a qualifying storm on the

afternoon of 13 April 2000. The storm started at 2:00 PM on 13 April and ended at
1:00 AM on 14 April 2000. The dry antecedent period preceding this storm was 74
hours. Approximately 0.34 inches of rain fell at STIA during 12 hour period of rainfall.

Taylor Associates collected flow-weighted composite samples for 12 hours during the
storm event from each of the five sampling sites (Miller Creek Upstream, Miller Creek
Detention Facility, Northwest Ponds Outlet, Northwest Ponds Inlet, and Des Moines

Creek Weir). ISCO samplers automatically composite samples based on flow.

POS Range-finding memorandum Draft
04/20/00
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Quality assurance and quality control elements were followed according to the Port's
Procedure Manual for Stormwater Monitoring (POS, 1999).

The samples were delivered to Parametrix's toxicology laboratory with completed chain-
of-custody forms in sufficient time to meet the applicable holding times. The synthetic
laboratory water was prepared according to U.S. EPA (1993).

Analysis

The procedure for determining a WER involves using an indicator species to evaluate and
quantify the toxicity and bioavailability of a compound in a particular site water compared
to that in "clean" laboratory water. To accomplish this, the chemical of concern (in this
case, copper) is spiked into both the clean laboratory water and site water at known
concentrations. A median lethal concentration (LC50) is then determined for each water,
and the two are compared to generate a WER:

LC50 Site Water
=WER

LC50 Laboratory Water

The WER is then applied to the generic water quality standard to derive a site-specific
standard:

WER * Generic WQS = Site-specific WQS

For example, if the water quality standard for a chemical is 3 _tg/L, and a WER of 3 is
derived for a particular site, the resulting site-specific water quality standard would be 9
og/L.

Nominal copper test concentrations were prepared using a 500 mg/L copper stock solution
made from copper sulfate pentahydrate (CuSO4o5H20) (CAS#7758-99-8). Since these were

preliminary tests, concentrations were not measured; thus the WERs were calculated using
nominal test concentrations. However, the stock solution was analyzed by Battelle and
verified to be 500.0 mg/L copper.

The toxicity tests were conducted according to Short-term Methods for Estimating the Acute
Toxicity of Effluents and Receivflzg Waters to Freshwater Organisms and Marine
Organisms. EPA/600/4-90/027F, August 1993. A summary of test conditions for the D.
magna toxicity tests is presented in Table 1.

POS Range-finding memorandum Draft
O4/2O/00
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Table 1. Summary of test conditions for the acute Daphnia magna toxicity tests.

Job Name: Port of Seattle Job Number: 556-2912-001 (61)

Date: 15-17 April 2000

Test Protocol: Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to
Freshwater and Marine Organisms (Fourth Edition), EPA/600/4-90/027F, August 1993.

Test Material: Copper-spiked site waters
Copper-spiked synthetic laboratory water

Test Organisms/age: Daphnia magna; <_24hrs old

Source: In-house culture

Number/Test Chamber: 5

Volume/Test Chamber: 20 mL

Nominal Test Site water: 0, 12.5, 25, 50, 100, 150, and 200 lag/L copper
Concentrations: Synthetic laboratory water: 0, 5, 10, 20, 40, and 80 lag/L copper

Replicates: Four

Test Duration: 48 hours

Control: Unspiked synthetic laboratory water
Unspiked site water

Test Chambers: 30 mL polystyrene cups

Lighting: Fluorescent bulbs (50-100 foot candles)

Photoperiod: 16 hours light; 8 hours dark

Aeration: None

Feeding: None

Temperature: 25 _+I°C

Chemical Data: Dissolved oxygen, temperature, and pH at test initiation and every 24 hours; specific
conductivity at test initiation and termination; hardness, alkalinity, ammonia, and residual
chlorine at test initiation for 100% site water sample; hardness and alkalinity for
laboratory and site water

Effect Measured: Mortality

Test Acceptability: Control mortality <10%

POS Range-finding memorandum Draft
04/'20/00
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Results

Results of the range-finding water-effect ratio tests are presented in Table 2. Reference

toxicant results were within acceptable ranges. All raw data sheets and statistical analyses
are located in the project files at Parametrix.

Table 2. Summary ofDaphnia magna range-fmding water-effect ratio for POS:

Hardness Cu LCS0 (lag/L) NormaliTedl
Test Water (rag/L) LCS0 (lag/L) WER

Cu-SpikedNorthwestPonds Inlet
60 143.6 120.93 28.43387Site Water

Cu-SpikedNorthwestPonds 90 132 75.87 17.83784Outlet Site Water

Cu-Spiked Miller Creek 92 168.8 95.03 22.34329Detention Facility Site Water

Cu-Spiked Miller Creek
46 111.6 120.72 28.38372Upstream Site Water

Cu-Spiked Des Moines Creek 65 136.6 106.68 25.08299Weir Site Water

Cu-SpikedLaboratoryWater 90 7.4 n/a n/a

Reference Toxicant (LC50) = Acceptable

WER = Calculated water effect ratio
rda = not applicable
z LC50 adjusted to a hardness of 50 mg/L

In summary, given the results of the preliminary screening-level bioassays (Parametnx,

1999), and the WERs estimated based on nominal concentrations (17 - 28), we

recommend pursuing a definitive W'ER and application of a site-specific water quality
standard for copper.

REFERENCES

Parametrix, Inc. 1999. Water-effect ratio screening study at Seattle-Tacoma International

Airport: Toxicity evaluation of site water. Prepared for the Port of Seattle, February
1999.

U.S. EPA. 1993. Methods for measuring the acute toxicity of effluents and receiving

waters to freshwater and marine organisms. EPA/600/4-90/027F, August 1993. U.S.
Environmental Protection Agency, Cincinnati, Ohio.

POS 1999. Procedure Manual for Stormwater Monitoring. Port of Seattle, April 1999.

POS Range-finding memorandum Draft
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LC50 Adjusted to
Site Hardness (ppm) LC50 (IJg/L) 50 ppm Hardness WER
Miller Creek Upstream 46 111.6 120.72 28.38372
Miller Creek Detention Facility 92 168.8 95.03 22.34329
NorthwestPonds Inlet 60 143.6 120.93 28.43387
Northwest Ponds Outlet 90 132 75.87 17.83784
Des Moines Creek Weir 65 136.6 lO6.68 25.08299
LabWater 90 7.4 4.25

PF;Li",--.;_LI6Y

CHECKEDBY //_
/
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pARAMETRIX, INC.

Environmental Toxicology Laboratory

STATIC ACUTE D_phnia magtm TOXICITY TEST

•m Port of Seattle Sample Collection Date 4/14100

,pie Cu m Lab Water Test Initiation Time /_/t f

Test Dates 4/15/2000 - 4/17/2000 Soume,/Agc of Organisms In house cuim.s / <24 hours

Dilution Wm=r EPA synthetic freshwater

Tcrap ('C) Day 0 _ f Day 1 Z _- Day 2 _"

I Number of Dissolved Oxygen Specific
[ Organisms pH (m_/L) Conductivity (FxS)

Cone. I Rep. 0 'L 24 I 48 I 0 I 24 48 I 0 24 48 0 48

Con_o] J A ! y i _-_ 2_'I I

B f ;
c ¢ y 3-z

I D :

lo._ s I f 3-2- ,-"
B ¢ q-!
C

D 4 !

I c 5 ! o'7
i D 3- ! O'Y" b

40 _g/L i A 0

i B
I
! I D e-f" O

s0._ A [ _-y O ZS'I2.9,

! c ff o-_"
[ D ," 0-_" O

i A I '

::::::::8_:::>:::::::'_::::::$:::.:::_-:_:::$".<;i__::i$$:::::_::".$:::_:::.>.:i:i:i:i::{:i_:i:i:9_::::::_::_._::_$:i:_:_-:::::_$$?.i::'::;:::_;_":[_::..............................

i!!i ii !iiiii! iiiiii iii  i A8!8 iii;i    i ! i i)ii  i ii!iiiiiiiii iiiiiii!ii i i!iii ii  i i iiiiii i ! !iiiiiiii i iii  iii! ;iiiiii i ii! i !!i i i!!iii i i}i  ii !ii iiii i!ii!i i!iii }iiiii iii!i!i!iiii      i8! iiiiiiiii iii !i)!}ii !i  i!ii!i iii!i iiiii i ii  ! ii <.,,;i,.;M

Shading represents areas for which data collection is not required.

Comments
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AD-Acute Daphid Test ID: 2861

Species: DM-Daphn|a magna Protocol:EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle SampleType: SRW2-1ndustrtaletormwater
Date: 04115/2000 14:15 End Date: 04/1712000 Lab ID: WAPTL-Parame_x Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes

1 1 D-Control 5 5 4,
2 2 D-Control 5 5 5

3 3 D-Controli 5 5 3
i

4 4 D-Control 5 5 5
,,,,i

5 1 5.0001 5 5 4

6 2 5.000 5 5 4

7 3 5.000 5 5 3

8 4 5.000 5! 5 3

9 1 10.000 51 3 0

102 10.000 5 4 0

11 3 10.000 5 5, 2
12 4 10.000 5 2i 2

13 1 20.000 5 1 0

14 2 20.000 5 3 0

15 3 20.000 5 0 0

16 4 20.000 5 0 0

17 1 40.000 5 0 0

18 2 40.000 5 0 0

19 3 40.000 5 0 0

20 4 40.000 5 0 01
21 1 80.000 5 0 0J

22 2 80.000 5 0 0

23 3 80.000 5 0 0

24 4 80.000 5 0 0

Comments: Portof Seattle - Cu inLab Water

'.- -,::v w/ fc-o

..,...., . sY......

Page 1 ToxCalc 5.0 Reviewed by:
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AD-Acute Daphid Test ID: 2861

Species:DM-Daphnia magna Protocol:EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle SampleType: SRW2-1ndustrialstormwater
Date:041151200014:15 End Date: 0411712000 Lab ID: WAPTL-Parame_x Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 4

2 2 D-Control 5 5 5

3 3 D-Control 5 51 3
4 4 D-Control 5 5 5

5 1 5.000 5 5 4

6 2 5.000 5 5 4

7 3 5.000 5 5 3

8 4 5.000 5 5 3

9 1 10,000 5 3 0

10 2 10.000 5 4 0

11 3 10.000 5 5 2

12 4 10.000 5 2 2

13 1 20.000 5 1 0

14 2 20.000 5 31 0
15 3 20.000 5 0 0

16 4 20.000 5 0 0

17 1 40.000 5 0 0

18 2 40,000 5 0 0

19 3 40o000 5 0 0

20 4 40.000 5 0 0

21 1 80.000 5 0 0

22 2 80.000 5 0 0

23 3 80.000 5 01 0

24 4 80.000 5 0 0
Comments:Portof Seattle - Cu in Lab Water

Page 1 ToxCalc 5.0 Reviewed by.'_
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Acute Daphid-48 Hr Survival

StartDate: 041151200014:15 Test ID: 2861 Sample ID: WA0024651-Port of Seattle
End Date: 04/17/2000 LabID: WAPTL-Parame_x Tox Lab Sample Type: SRW2-1ndust3"ialstorrnwater

Sample Date: 0411412000 ProtocohEPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: Port of Seattle - Cu in Lab Water

Conc-ug/L 1 2 3 4
D-Control 0.8000 1.0000 0.6000 1.0000

5 0.8000 0.8000 0.6000 0.6000
10 0.0000 0.0000 0.4000 0.4000
20 0.0000 0.0000 0.0000 0.0000
40 0.0000 0.0000 0.0000 0.0000
80 0.0000 0.0000 0.0000 0.0000

Transform: Arc,sin Square Root 1-Tailed Number Total

Conc-ug/L Mean N-Mean Mean Min Max CV% N t.Stat Critical MSD Reap Number
D-Control 0.8500 1.0000 1.1709 0.8861 1.3453 18.840 4 3 20

5 0.7000 0.8235 0.9966 0.8861 1.1071 12.807 4 1,161 2.180 0.3273 6 20
"10 0.2000 0.2353 0.4551 0.2255 0.6847 58.254 4 4.768 2,180 0.3273 16 20
20 0.0000 0.0000 0.2255 0.2255 0.2255 0,000 4 20 20
40 0.0000 0.0000 0.2255 0.2255 0.2255 0,000 4 20 20
80 0.0000 0.0000 0.2255 0.2255 0.2255 0,000 4 20 20

Auxiliary Testa Statistic Critical Skew Kurt
Shapiro-Wilk'sTest indicatesnormaldistribution(p > 0.01 ) 0.88728 0,805 -0.1968 -1.6982
Bartlett'sTest indicatesequal variances (p = 0.52) 1.29929 9.21035

• Hypothesis Test (1-tall, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett'sTest 5 10 7.07107 0.29035 0.3422 0.55735 0.04508 0.00262 2, 9

Maximum Liksllhood-Probit

Parameter Value SE 95% Fiducial Umlta Control Chl-Sq Critical P-value Mu Sigma Itsr
Slope 5.93176 1.81345 2.37741 9.48612 0.15 0.13572 7.81472 0.99 0.86892 0.16858 5
Intercept -0.1542 1.70483 -3.4957 3.18724
TSCR 0.15469 0,07987 -0.0019 0.31123 1.0

Point Probita uglL 95% Fiduclal Limits /" /
EC01 2.674 2.99733 0.55368 4,72012 0.9

EC05 3.355 3.90502 1.05825 5.63791 0.8 +

ECIO 3.718 4.49645 1.48967 6.2191 //t/EC15 3.964 4.9453 1.87202 6.65964 0.7 _ /

EC20 4.158 5.33378 2.24052 7.04519 • 0.6

///
EC25 4.326 5.69129 2.60919 7.40717 _-
EC40 4.747 6.70207 3.78501 8.50415 o 0.5

EC50 5.000 7.39467 4.67005 9.36801 _ 0.4 /

r/
/

I_C60 5,2538.158865.6623310.5014 / / /

]/o.,°.+,+ ,o.,, o.o.... .................
0.1 1 10 100

Dose ug/L

Page 1 ToxCalc v5.0.23 Reviewed by:/#
/
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Acute Daphld.48 Hr Survival

Start Date: 04115/2000 14:15 Test ID: 2861 Sample ID: WA0024651-Port of Seattle
End Date: 04117/2000 Lab ID: WAPTL-ParametrixTox Lab Sample Type: SRW2-1ndustdalstonnwater
Sample Date: 04/14/2000 Protocol: EPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: Port of Seattle - Cu in Lab Water

Dose-Response Plot

1

0.9

0.8

0.7

0.6 tail, 0.05 level
...°°...°......= • ......... .=... ......... °....==.°=...= ..... .°°

_ 0.5, eignl_nce
"_ 0.4

0.3

0.2

0.1 _0 •

g °
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pARAMETRIX,INC.
Envlronmental Toxlcolo_ Laboratory

STATIC ACUTE Daphed_ _na TOXICITY TEST

nt Port of Seattle SampleCollection Da_ 4114/00

aple Cu in Northwest Ponds Inlet Wa_r Test Ini_ation Time f"_ _

Test Dams 4/15/'2000 o4/I 7/2000 Source/Age of Orgamsms In house cuRmes / <:24hours
Dilution Water Northwest Ponds Inlet Water

Number of I DissolvedOxygen Sl_cific [

pH i (ml_) IConductivity (_S) !

Conc. 0 24 48 0 i 24 4g I 0 l 24 1 48 l 0 I 48
l
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AD-Acute Daphid Test ID: 2862

Species:DM-Daphnia magna Protocol:EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndus_al stDrmwater
Date:04/15/2000 14:30 End Date: 04/17/2000 Lab ID: WAPTL-Parame_x Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 5

2 2 D-Control 5 5, 4

3 3 D-Control 5 5 4

4 4 D-Control 5 5 5

5 1 12.500 5 5 5i

6 2 12.500 5 5 5

7 3 12.500 5 5 4

8 4 12.500 5 5 4

9 1 25.000 5 5 3

10 2 25.000 5i 5 5

11 3 25.000 5 4 2

12 4 25.000 5 5 2

13 1 50.000 5 5 2

14 2 50.000 5 5 3

15 3 50.000 5 5 5

16 4 50.000 5 5 5

17 1 100.000 5 5 5

18 2 100.000 5 5 4

19 3 100.000 5 5 3

20 4 100.000 5 4 3

21 1 200.000 5 5i 0

22 2 200.000 5 5 0

23 3 200.000 5 5 1

24 4 200.000 5 4 0 I
Comments: POS - Cu in NW Ponds InletWater

.........S _F.......7
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AD-AcuteDaphid Test ID: 2862

Species:DM.Daphnie magna Protocol:EPAA gl-EPA Acute

Sample ID: WA0024651-Port of Seattle SampleType: SRW2-tndustrialstormwater
Date:04/15/2000 14:30 End Date: 04/17/2000 Lab ID: WAPTL-ParametrixTox Lab

ID Rep: Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 5

2 2 D-Control 5 5i 4
3 3 D-Control 5 4

4 4 I D-Control 5 5

A

5 1 I 12.500 5 5 5

6 2 12.500 5 5 5

7 3 12.500 5 5 4

8 4 12.500 5 5 41

9 1 25.000 5 5 3

10 2 25.000 5 5 5

11 3 25.000 5 4 2

12 4 25.000 5 5 2

13 1 50.000 5 5 2

14 2 50.000 5 5 3

15 3 50.000 5 5 5

16 4 50.000 5 5 5

17 1 100.000 5 5 5

18 2 100.000 5 5 4

19 3 100.000 5 5 3

20 4 100.000 5 4 3

21 1 200.000 51 5 0

22 2 200.000 5i 5 0

23 3 200.000 5 5 1

24 4 200.000 5 4i 0

Comments:POS - Cu in NW Ponds Inlet Water

Page 1 ToxCalc 5.0 Reviewed by: "
/

AR 048562



Acute Daphid-48 Hr Survival

Start Date: 04/15/2000 14:30 Test ID: 2862 Sample ID: WA0024651-Port of Seattle
End Date: 04/17/2000 Lab ID: WAPTL-Parame_x Tox Lab SampleType: SRW2-1ndus_al stormwater

Sample Date: 0411412000 Protocol: EPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: POS - Cu in NW Ponds InletWater

Conc-uglL 1 2 3 4
D-Control 1,0000 0.8000 0.8000 1.0000

12.5 1.0000 1.0000 0.8000 0.8000
25 0.6000 1.0000 0.4000 0.4000
50 0.4000 0.6000 1.0000 1.0000

100 1.0000 0.8000 0.6000 0.6000
200 0.0000 0.0000 0.2000 0.0000

Transform: Arcain Square Root l-Tailed Number Total

Conc-ug/L Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Resp Number
D-Control 0.9000 1.0000 1.2262 1.1071 1.3453 11.212 4 2 20

12.5 0.9000 1.0000 1.2262 1.1071 1.3453 11.212 4 0.000 2.410 0.3863 2 20
25 0.6000 0.8687 0.9002 0.6347 1.3453 34.607 4 2.034 2.410 0.3883 8 20
50 0,7500 0.8333 1.0653 0,6847 1.3453 31.308 4 1.004 2.410 0.3863 5 20

100 0.7500 0.8333 1.0561 0.8861 1.3453 20.748 4 1.061 2.410 0.3863 5 20
*200 0.0500 0.0556 0.2850 0.2255 0.4636 41.771 4 5.872 2.410 0.3863 19 20

Auxiliary Tests Statistic Critical Skew Kurt

Shapiro-Wilk'sTest indicatesnormal distribution(p • 0.01) 0.95795 0.884 0.41562 -0.3207
Bartlett'sTest indicatesequal variances (p = 0.40) 5.17099 15.0863
Hypothesis Test (1.tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett'sTest 100 200 141.421 0.33147 0.37417 0.49698 0.05138 1.3E-04 5, 18

Maximum Likelihood-Problt

Parameter Value SE 95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter

Slope 10.6117 4.76948 1.26356 19.9599 0.1 5.88238 7.81472 0.12 2.15722 0.09424 9
Intercept -17.892 10.7861 -39.033 3.24892
TSCR 0.2125 0.04574 0.12286 0.30214 1.0

Point Problts ug/L 95% Fiduclal Limits /_
EC01 2.674 86.6949 0.30845 127.403 0.9 •

J ,/
EC05 3.355 100.511 1.0603 138.812 0.8

EC10 3.718 108.755 2.0446 145.537 //EC15 3.964 114.696 3.18124 150.403 o.7 II

EC20 4.158 119.648 4.51697 154.505 • 0.6 /" li
EC25 4.326 124.067 6.09755 158.226 ,-
EC40 4.747 135.939 12.9302 168.743 o 0.5

EC50 5.000 143.621 20.2227 176.274 _, 0. 4 /'/'It/'/_

EC60 5.253 151.737 31.4131 185.401
EC75 5.674 166.256 63.181 208.466 0.3

EC80 5.842 172.396 81.3097 223.935 0.2
EC85 6.036 179.64 105.178 252.51 J • 4!

EC90 6.282 189.664 133.834 319.086 0.1 /" "1!

EC95 6.645 205.22 163.273 528.79 0.0 . _;_.._--...... _ .............../'/
EC99 7.326 237.926 193.908 1667.6

0.1 1 10 100 1000 10000

Dose uglL
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Acute Dephid-48 Hr Survival

StartDate: 04/15/2000 14:30 Test ID: 2862 Sample ID: WA0024651-Port of Seattle
End Date: 04/17/2000 Lab ID: WAPTL-ParametrixTox Lab Sample Type: SRW2-1ndusVialstormwater
Sample Date: 0411412000 Protocol:EPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: POS - Cu inNW Ponds Inlet Water

Dose-Response Plot

1

0.9

0.8

-- 0.7
0.6 1 tail, 0.05 level

"_ .... ............ .... ..... .... .... ...-,....-. .... ... f
0.5 significance

_0.4

0.3

0.2

0.1

0 .

0
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PARAMETRD_ INC.
Env/ronmental Toxicology Laboratory

STATIC ACUTE Dtrphnia magna TOXICITY TEST

•nt Portof Seattle Sample Collection Date 4/14/00

.,pie Cu in Des Moines Creek WeirWater Test Initiation Time i $"3o

Test Dates 4/15/2000 - 4/I 7/2000 Source/Age of Organisms In house cuhures / <24 hours
Dilution Wamr Des Moines Creek Weir Water

Number of Dissolved Oxygen Specific
Or_amrms pH (mg./L) Conductivity (FLS)

Conc. Rep. 0 24 i 48 0 24 48 0 i 24 48 0 48

Conu-o] A _'_9 I _'2..-

5"
D f

12.5_L_-- A y

C

D

, A Y _ _" 5" /!25_)L i i
B _ _"
C

D

i 50 pg/L A .c,B 2 5-
C

D

100 _g/L i A J'- _ i
I B 5"

c _ : :
D

200_SL A _ _pr-I '.0
s
c K
D

e !
C

: D !

Initials _ I

D=I I

Shadingrepresents areas for which datacollection is not required.

NT = NotTaken Reviewedby: /,_ /.f///__:_/

co=ents*
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AD.Acute Daphid Test ID: 2864

Species:DM-Daphnia magna Protocol:EPAA 91-EPAAcute

Sample ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndustrialstormwater
Date: 04/15/2000 15:30 End Date:04/17/2000 Lab ID:WAPTL-Parame_x Tox Lab

ID Rep Group S_ 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 5

2 2 D-Control 5 5 5

3 3 D-Control 5 5 5

4 4 D-Control 5 5 5

5 1 12.500 5 5 5

6 2 12.500 5 5 5

7 3 12.500 5 5 5

8 4 12.500 5 5 5

g 1 25.000 5 5 5

10 2 25.000 5 5 5

11 3 25.000 5 5 5

12 4 25.000 5 5 5

13 1 50.000 5 5 5

14 2 50.000 5 5 5

15 3 50.000 5 5 5

16 4 50.000 5 5 5

17 1 100.000 5 5 5

18 2 100.000! 5 5 5

19 3 100.000! 5 5 5

20 4 100.000 5 5 4

21 1 200.000 51 4 0

22 2 200.000 5j 5 0
23 3 200.000 5 2! 0

24 4 200.000 5 4: 0

Commen_: POS- Cuin Des MoinesCreek WeirWa_r

Page 1 ToxCalc 5.0 Reviewed by:
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AD-Acute Daphid Test ID: 2864

Species:DM-Daphnia magna Protocol:EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndustrlalstormwater

Date: 04/15/2000 15:30 End Date:04/1712000 Lab ID: WAPTL-ParametrixTox Lab

ID Repi Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 5

2 2 D-Control 5 5 5i
3 3 D-Control 5 5 5i

4 4 D-Control 5 5 5

5 1 12.500 5 5 5

6 2 12.500 5 5 5

7 3 12.500 5 5 5

8 4 12.500 5i 5 5

9 1 25.000 5 5 5
10 2 25.000 5 5 5

11 3 25.000 5 5 5

12 4 25.000 5 5 5
13 1 50.000 5 5 5

14 2 50.000 5 5 5

15 3 50.000 5 5 5

16 4 50.000 5 5 5

17 1 100.000 5 5 5

18 2 100.000 5 5 5

19 3 100.000 5 5 5

20 4 100.000 5 5 4

21 1 200.000 5 4 0

22 2 200.000 5 5 0

23 3 200.000 5 2 0

24 4 200.000 5 4 0

Comments:POS - Cu in Des Moines Creek Weir Water
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Acute Daphid-48 Hr Survival

Start Date: 04115/2000 15:30 Test ID: 2864 Sample ID: WA0024651-Port of Seattle
End Date: 04/17/2000 Lab ID: WAPTL-Paramebix Tox Lab Sample Type: SRW2-1ndustrialstomwvater

Sample Date: 04/14/2000 ProtocohEPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: POS - Cu inDes Moines Creek Weir Water

Conc-uglL t 2 3 4
D-Contz'ol 1.0000 1.0000 1.0000 1.0000

12.5 1.0000 1.0000 1.0000 1.0000
25 1.0000 1.0000 1.0000 1.0000
50 1.0000 1.0000 1.0000 1.0000

100 1.0000 1.0000 1,0000 0.8000
200 0,0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank l-Tailed Number Total

Conc-uglL Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number
D-Control 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 0 20

12.5 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20
25 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20
50 1.0000 1,0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20

100 0.9500 0.9500 1.2857 1.1071 1.3453 9.281 4 16.00 10.00 1 20
200 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 4 20 20

Auxiliary Tests Statistic Crttical Skew Kurt

Shapiro-Wilk'sTest indicates non-normaldistribution(p <= 0.01) 0.5089 0,868 -2.7962 11,6732
Equalityof variance cannotbe confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU

Steel's Many-One Rank Test 100 200 141.421

Trimmed Spesrman-Karber
Trim Level ECS0 95% CL

0.0% 136.60 127.68 146.15
5.0% 138.87 133.76 144.16

10.0% 138.87 133.76 144.16 1.0 ,=
20.0% 138.87 133.76 144.16 r

Auto-0.0% 136.60 127.68 146.15 0.9

0.8

0.7

• 0.6
Io

o 0.5

0.4

0.3

0.2

0.1

0.0 ......... = .¢. ._.J_............
10 100 1000

Dome ug/L
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Acute Daphid.48 Hr Survival
Start Date: 04/15/2000 15:30 Test ID: 2864 Sample ID: WA0024651-Port of Seattle
End Date: 04/17/2000 Lab ID: WAPTL-Parame_x Tox Lab SampleType: SRW2-1ndustTialstonnwater

Sample Date: 04/14/2000 ProtocohEPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: POS - Cu in Des Moines Creek Weir Water

Dose-Response Plot

1 o o •

0.9

0.8

0.7
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> 0.6

0.5

I_ 0.4
,q,
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FARAMETRIX, INC.

Environmental Toxicology Laboratory

STATIC ACUTE Daphn/.a ma$,na TOXICITY TEST

_t Portof Seattle SampleCollectionDate 4114100

.,pie CuinMillerCreekUpstreamWater TestInitiationTime t _'o_
Test Dates 4/15/'2000- 4/17/'2000 Source/Ageof Organisms Inhousecultures/ <24 hours

DilutionWater MillerCreekUpstreamWater

Temp(°C) l_y0 2") _ Day1 ?_'_ Day2 Cf

[ Numberof 1 DissolvedOxygen !Specific

i P i iConductivi_i   anisms
Cone. F Rep. 0 24 i 48 0 I 24 48 0 , 24 48 1 0 , 48

' '.... :::::':::+::_._Ntllii ......................................B , r __. _ ®i_!i_.:.i_lliiliti:_i_:,=..........fi iiii!iiNitli!l!i!N'_il!i!l/!iil_=_:_':_'_*''__*_:_:_':''_'_:_'__i-_,_:_:_:_.:....._._..-..,._,_=:

i!ii C _- ! _ [ 5" ,, i ,, ...........
_V _..l.:._.@_._:_._._._._._.:._._.x../.._....,...........v. :.._ ,:::::::.:.:.:..:.:.:.:£:i:::i:_i:':::i:_:i:i:i:i:i:i:i:D '5" i _ i if' _*_:_:_'_*_*_.-:_:_:ii_lt':'_"_i_i_i_i:':._*_*_*_:'_:_..'.'_..'._'_.:__=+".....,. ::::::::::::::::::::::::::::.;?,_::...::::::::_::::::::::b:!.i_i_!_.!i!_i_!_!_;_i_!_

•.,...-....,...+v...,.,........- _ x _ " ......"'_

D _-" '_" _,' _" iii:i_i_!iii:iIi!iii:_il_!_!!::_,!:;:!:!::_:_:::_;:>:i::..::,i:::::::::_.::...!!_L_'_g_!_i!il_'i_!_!!_[_ t ii_iiii!iii!i}!ii_ili!_ifiii_i_!i_iii__;__!!__:_"" ...... ................ :::::::::::::::::::::::::::::::::_:::_::_:_::____i_i_::__{'_i'_':iiii!iii_i_ii_iiiiiiill!iii!!i!ii!iiii!ii!iiiiiiiii:,::::::::,::::,_:;
"

2__ i A y : i r _""" _-c =.8 8-3 .......:.._ (..7.,.f,......,.................................i 3"- _" r ,; _."-:_,_:_:_iiiliiiiiiiiiliiiilIiiiiili!iiiii!il!!iii!i!Iiiiii..............::::::::::::::::::::::::ii!l!Iii!iilii!ll:_,_
........... .....,....-...... ...,.........,....-.......,.....i:!:._!_:!:_:i_:_:_-'.'_:.".)?_:_:_ii?"_'_"'_!_}!_i?:'!ii_i
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I Illllllllll[ '_ : :L<::::::::7:::
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:: !:_: i:£i:i_: × i_:_i:_:!_:_:_:_:_:_:_:_:_c i _- r _ _ _ ,_ _,_llli!iiiiii!!!!i!i_i_!_i_!N_iii__i_i_i_i_i!_i_ :_'::_::":"'_"':"_*_:
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Daphid Test ID: 2866

Species:DM-Daphnia magna Protocol:EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndus_al stormwater
Date: 041151200015:00 End Date: 0411712000 Lab ID: WAPTL-Pammetrix Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes

1 1 D-Control 5 5 4

2 2 D-Control 5 5 5

3 3 D-Control 5 5 5i

4 4 D-Control 5 5 5

5 1 12.500 5 5 5
i

6 2 12.500i 5 5 5

7 3 12.500i 5 5 5

8 4 12.500 5 5 5

9 1 25.OO0 5 5 5

10 2 25.000 51 5 5

11 3 25.000 5 5 5

12 4 25.000 5 5 5

13 1 50.000 5 5; 5

14 2 50.000 5 5 5

15 3 50.000 5 5i 5

16 4 50.000 5 5 5

17 1 100.000 5 5 3

18 2 100.000 5 5 3

lg 3 100.000 5 5 4I

20 4 100.000 5 5 3

21 1 200.000 5 0 0

22 2 200.000J 5 4 0

23 3 200.000 5 5 0

24 4 200.000 5 5 0

Comments:POS - Cu in MillerCreek UpstreamWater

Page 1 ToxCalc 5.0 Reviewed by:
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AD-Acute Daphid Test ID: 2866

Species:DM-Daphnia magna Protocol:EPAA91-EPA Acute

Sample ID: WA0024651-Port of Seattle SampleType: SRW2-1ndustrialstormwater
Date:04/15/2000 15:00 End Date:04/17/2000 Lab ID: WAPTL-PararnetdxTox Lab

ID IRep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 4

2 2 D-Control 5 5 5
3 3 D-Control 5 5 5

4 4 D-Control 5 5 5

5 1 12.500 5 5 5

6 2 12.500 5 5 5

7 3 12.500 5 5 5

8 4 12.500 5 5 5

9 1 25.000 5 5 5

10 2 25.000 5 5 5

11 3 25.000 5 5 5

12 4 25.000 5 5 5

13 1 50.000 5 5_ 5

14 2 50.000 5 5! 5
15 3 50.000 5 5 5

16 4 50.000 5 5 51

17 1 100.000 5 5 3

18 2 100.000 5 5 3

19 3 100.000 5 5 4

20 4 100.000 5 5 3

21 1 200.000 5 0 0

22 2 200.000 5 4 0

23 3 200.000 5 5 0

24 4 200.000; 5 5 0

Comments:POS - Cu in MillerCreek UpstreamWater

A/1
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Acute Daphid-48 Hr Survival
StartDate: 04/15/2000 15:00 Test ID: 2866 Sample ID: WA0024651-Port of Seattle
End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab Sample Type: SRW2-1ndustrtalstormwater

Sample Date: 04114/2000 Protocol:EPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: POS - Cu in MillerCreek Upstream Water

Conc-uglL 1 2 3 4
D-Control 0.8000 1.0000 1.0000 1.0000

12.5 t.0b00 1.0000 1.0000 1.0000
25 1.0000 1.0000 1.0000 1.0000
50 1.0000 1.0000 1.0000 1.0000

t00 0.6000 0.6000 0.8000 0.6000
200 0.0000 0.0000 0.0000 0.0000

Transform: Arcsln Square Root Rank 1-Tailed Number Total

Conc-ug/L Mean N-Mean Mean Min Max CV% N Sum Critical Reep Number
D-Control 0.9500 1.0000 1.2857 1.1071 1.3453 9.261 4 1 20

12.5 1.0000 1.0526 1.3453 1.3453 1.3453 0.000 4 20.00 10.00 0 20
25 1.0000 1.0526 1.3453 1.3453 1.3453 0.000 4 20.00 10.00 0 20
50 1.0000 1.0526 1.3453 1.3453 1.3453 0.000 4 20.00 10.00 0 20

100 0.6500 0.6842 0.9413 0.8861 1.1071 11.742 4 10.50 10.00 7 20
200 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 4 20 20

Auxiliary Teats Statistic Critical Skew Kurt

Shapiro-WIIk'sTest indicatesnon-normaldistribution(p <= 0.01) 0.81017 0.868 -0.22 4.10888
Equalityof variance cannotbe confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 100 200 141.421

Trimmed Spearman-Karber
Trim Level EC50 95% CL

0.0% 111.59 96.33 129.27
5.0% 112.81 95.68 133.00

10.0% 114.00 94.32 137.79 1.0

20.0% 116.22 88.21 153.11 0.9
, Auto-0.0% 111.59 96.33 129.27
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Acute Daphid-48 Hr Survival

Start Date: 04/15/2000 15:00 Test ID: 2866 Sample ID: WA0024651-Port of Seattle
End Date: 04/17/2000 Lab ID: WAPTL-ParametrixTox Lab Sample Type: SRW2-1ndustrialstormwater

Sample Date: 04114/2000 Protocol:EPAA 91-EPA Acute Test Species: DM-Daphnia rnagna
Comments: POS - Cu in MillerCreek UpstreamWater

Dose-Response Plot
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PARAM_TR/X, INC.

Environmental Toxicology Laboratory

STATIC ACUTE Daphma mag_ TOXICITY TEST

"*.nt PortofSeattle SmrlpleCollectionDate 4/14/00

aple CuinMillerCreekDetentionFacilit_Water TestInitiationTime I _

TestDates 4115/2000- 4117/2000 Source/Ageof Organisms In housecultures/ <24 hours
DilutionWater MillerCreekDetenuonFacilityWater

Yemp(°C) Day 0 _ # Day I 2 _" Day2 _-_"

Numberof DissolvedOxygen tSpecific lrOrganisms pH ,(m_JL) FConductivi.t},(_S)
Cone. R¢o. 0 t 24 48 0 24 ; 48 ! 0 J 24 ! 48 0 48 j

B

c y Y
D

D

! 25.g_. i A

i j B t,-",

50_ a f i fI
B f
c f
D

c

D i _" f
I 200 I_g/L A f

B r " _'1
c f" _ f
D 5"-13-Z I _.-I

! " I _ I l .i i
i '" ............................... :;'::: " ' " < .... " ':':":':':':":': " ; ::: ::::::: ?"'"":"r: ....... t":.........

D i I...............I..................._.............I......................I..................._;......._...................; ,.,-'..._,..._.,._:::::::::::::: _ ,:_ ::::::::_:::::_;:::: .::_:::::::::::::: :_:::: : ::: ::::::::: ::::::5;:::::::_._ ::: i -_: _ _; :::_:::::_:_::::::;. ::_: _;:::: _:_.
= ' ...... ' ' ' ',"',',',',',", ,'.',,'.'."'."'.".'.'" .'.'.'- '" "_: ':'" :':':'_':'_':'_';';";';';_';';':':'::":'.:;-":".:"._.:.:.:.'.:.:.:.::, ::::::::::::::::::::::::::::::::::::_::::::i:::::::::::::_::::::::::::::::::::::::::::::::::::::::::::

' IJ,- ' _ - ' _ I I "IFE,_

I!i i I i   i!!  ii!iiiii i i iiiii  iiiiii  i iiiIi!ii! i i! !i ii i  i ! iiiiii   iii! ii   ! !iiiiiik i i  ! i i iii i  iii! i  iii!iiiiii iii! !ii!!i !1!  iI
Shadingrepresentsareasforwhichdatacollectionisnotrequired.

NT= NotTaken Reviewedby: /# /O#, _
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AR 048575



AD-Acute Daphid Test ID: 2865

Species: DM-Daphnia magna Protocol:EPAA91-EPA Acute

Sample ID: WA0024651-Port of Seattle SampleType: SRW2-1ndusb'ialst_rmwater
Date: 04/15/2000 15:15 End Date: 04/17/2000 Lab ID: WAPTL-Paramet_x Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Conb'ol; 5 5 5

2 2 D-Control 5 5 5

3 3 D-Control 5 5 5

4 4 D-Control 51 5 5
5 1 12.500 5 5= 4

6 2 12.500 5 5J 5
7 3 12.500 5 5 5

8 4 12.500 5 5 51

9 1 25.000 5 5 5]

10 2 25.000 5 5 5

11 3 25.000 5 5 4

12 4 25.000 5 5 4

13 1 50.000 5 5 5

14 2 50.000 5 5 5

15 3 50.0001 5 5 5

16 4 50.000 5 5 5

17 1 100.000 5 5 5

18 2 100.000 5i 5 5

19 3 100.000 5 5 5

20 4 100.000 5 5 5

21 1 200.000 5 5 1

22 2 200.000 5 4 2=

23 3 200.000 5 5 21

24 4 200.000 5 3 2

Comments:POS - Cu in MillerCreek DetentionFacilityWater

J
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AD-Acute Daphld Test ID: 2865

Species:DM-Daphnia magna Protocol:EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle SampleType: SRW2-1ndustrialstormwater
Date: 04/15/2000 15:15 End Date:04/17/2000 Lab ID: WAPTL-Parameb'ixTox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 5

2 2 D-Control 5 5 5
i

3 3 D-Control 5 5 5

4 4 D-Control 5 5 5

5 1 12.500 5 5 4:

6 2 12.500 5 5 51
7 3 12.500 5 5 5

8 4 12.500 5 5 5

9 1 25.000 5 5 5

10 2 25.000 5 5 5

11 3 25.000 5! 5 4
12 4 25.000 5 5 4

13 1 50.000 5 5 5

14 2 50.000 5 5 5

15 3 50.000 5 5 5

16 4 50.000 5 5i 5
17 1 100.000 5 5 5

18 2 100.000 5 5 5

19 3 100.000 5 5 5

20 4 100.000 5 5 5

21 1 200.000 5 5 1

22 2 200.000 5 4 2i

23 3 200.000 5 5 2

24 4 200.000 5 3 2

Comments:POS - Cu in MillerCreek DetentionFacilityWater
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Acute Daphid=48Hr Survival
Start Date: 04/15/2000 15:15 Test ID: 2865 Sample ID: WA0024651-Port of Seattle
End Date: 04/17/2000 Lab ID: WAPTL-ParametdxTox Lab SampleType: SRW2-1ndustrialstorrnwater
Sample Date: 04/1412000 Protocol:EPAA 91-EPA Acute Test Species: DM-Daphnia rnagna

Comments: POS - Cu in MillerCreek DetentionFacilityWater
Conc-uglL 1 2 3 4

D-Control 1.0000 1.0000 1.0000 1.0000
12.5 0.8000 1.0000 1.0000 1.0000

25 1.0000 1.0000 0.8000 0.8000
_0 t.0000 t.0000 t.0000 t.0000

100 1.0000 1.0000 1.0000 1.0000
200 02000 0.4000 0.4000 0.4000

Transform: Arcaln Square Root Rank 1.Talled Number Total
Conc.ug/L Mean N-Mean Mean Mln Max CV% N Sum Critical Rssp Number

D-Control 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 0 20
12.5 0.9500 0.9500 1.2857 1.1071 1.3453 9.261 4 16.00 10.00 I 20

25 0.9000 0.9000 1.2262 1.1071 1.3453 11.212 4 14.00 10.00 2 20
50 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20

100 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 16.00 10.00 0 20
*200 0.3500 0.3500 0.6295 0.4636 0.6847 17.561 4 10.00 10.00 13 20

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk'sTest indicatesnon-normaldistribution(p <= 0.01) 0.83783 0.884 -0.952 0.83974
Equalityof variancecannotbe confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 100 200 141.421

Maximum Llkelihood-Probit

Parameter Value SE 95% Fiductal Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 1.71858 1.15876 -1.9691 5.40626 0 17.4984 7.81472 5.6E-04 2,42024 0.58188 5
Intercept 0.84061 2.28474 -6.4305 8.11168
TSCR 1.0
Point Probita ug/L 95% Fiducial Limits
EC01 2.674 11.6574 0.9

EC05 3.355 29.0499 0.8
EC10 3.718 47.2652
EC15 3.964 65.6401 0.7

EC20 4.158 85.2169 • 0.6
EC25 4.326 106.605
EC40 4.747 187.425 o 0.5
EC50 5.000 263.175 0.4
EC60 5.253 369.539
EC75 5.674 649.701 0.3

EC80 5.842 812.761 0.2
EC85 6.036 1055.16
EC90 6.282 1465.37 0.1

EC95 6.645 2384.21 0.0 .................................
EC99 7.326 5941.4

Significant heterogeneity detected (p = 5.58E-04) 10 100 1000 10000
Dose uglL
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Acute Daphid-48 Hr Survival
Start Date: 04/15/2000 15:15 Test ID: 2865 Sample ID: WA0024651-Port of Seattle
End Date: 04/17/2000 Lab ID: WAPTL-Parametrix Tox Lab Sample Type: SRW2-1ndus_al stormwatar

Sample Date: 04/14/2000 Protocol: EPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: POS - Cu in Miller Creek DetentionFacilityWater

Dose-Response Plot
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TRIMMED SPEARHAN-KARBER METHOD. MONTANA STATE UNIV

FOR REFERENCE, CITE:

HAMILTON, M.A., R.C. RUSSO, AND R.V. THURSTON, 1977.
.MM_EDSPEARMAN-KARBERMETHOD FOR ESTIMATING MEDIAN

,-..±I_ALCONCENTRATIONS IN TOXICITY BIOASSAYS.

ENVIRON. SCI. TECHNOL. 11(7): 714-719;

CORRECTION 12(4):417 (1978).

DATE: 4/15/00 TEST NUMBER: POS DURATION: 48 HOURS
CHEMICAL: CU SPECIES: DM

RAW DATA:

CONCENTRATION(UG/L) 12.50 25.00 50.00 I00.00 200.00
NUMBER EXPOSED: 20 20 20 20 20

MORTALITIES: 1 2 0 0 13

SPEARMAN-KARBER TRIM: 35.00%

SPEARMAN-KARBER ESTIMATES: LC50: 168.78

95% LOWER CONFIDENCE: 140.44
95% UPPER CONFIDENCE: 202.83

NOTE: MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING.

ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION.
................................................................................
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P_d_'_ INC.

Environmental Toxicology Laboratory

STATIC ACUTE Daivh_a nutria TOXICITY TEST

_t Ponof Seanle SampleCollectionDam 4114/00

.pie Cuin NonhweatPondsOutletWater TestInRiationTime I c/_(-y"
TestDates 4/15/2000- 4/I7/2000 Source/Ageof Organmms Inhousecultures/ <24 hours

DilutionWater NorthwestPondsOufl_ Water

T°mp(°C)D,y0 2_ D,ylZ_" D.y2 7.s"

Numberof DissolvedOxygen Specific F
Organisms pH (m_ffL) iConductivity(gS)

Conc. Rep. 0 24 4g 0 24 48 0 24 1 48 0 : 48 I

Conu'o] A Y" S

B 5" $"
C f"
D

12.5_g_ A
B 5"
c £
D

25_g_ .o _' 1202..B

C

i D .y

B f
c :
D

loo_g_ I A "-- '.' _g
: B i"

C
D :)

200_g/L _'_

C

A I Ii

I ¢ ! I
I D [ !

Initials _,_

Date

QC

Shadingrepresentsareasforwhichdamcollectionisnotrequired.

Reviewedby:

Cnmments
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Test:'AD-AcuteDaphid Test ID: 2863

Species: DM-Daphnia magna Protocol:EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle Sample Type: SRW2-1ndustrialstormwater
Date: 041151200014:45 EndDate: 0411712000 LabID: WAPTL-ParamebixTox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5] 5 5

2 2 D-Control 5 5 5

3 3 D-Control 5 5 5

4 4 D-Control 5 5 5

5 1 12.500 5 5 5

6 2 12.500 5 5 5

7 3 12.500 5 5 5

8 4 12.500 5 5 5

9 1 25.000 5 5 5

10 2 25.000 5 5 5i

11 3 25.000 5 5 5

12 4 25.000 5 5 5

13 1 50.000 5 5 5

14 2 50.000 5 5 5

15 3 50.000 5 5 5

16 4 50.000 5 5 5
17 1 100.000 5 5 5

18 2 100.000 5 5 5

19 3 100.000 5 5 3

20 4 100.000 5, 5 5

21 1 200.000 51 5 0

22 2 200.000 5 5 0

23 3 200.000 5 5 0

24 4 200.000 5 5i 0
Comments:POS - Cu in NW Ponds OutletWater

/
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Test-AD-Acute Daphid Test ID: 2863

Species:DM-Daphnia magna Protocol:EPAA 91-EPA Acute

Sample ID: WA0024651-Port of Seattle SampleType: SRW2-1ndus_al stormwater
Date:04/1512000 14:45 End Date: 04117/2000 LabID: WAPTL-Parame_x Tox Lab

ID Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 5 5 5

2 2 D-Control 5 5 5

3 3 D-control 5 5 5

4 4 D-Control 5 5 5

5 1 12.500 5 5 5

6 2 12.500 5 5i 5

7 3 12.500 5 5J 5

6 4 12.500 5 5 5

9 1 25.000 5 5 5

10 2 25.000 5 5 51
11 3 25.000 5 5 5

12 4 25.000 5 5 5

13 1 50.000 5 5 5

14 2 50.000 5 5 5

15 3 50.000 5 5 5

16 4 50.000 5i 5 5

17 1 100.000 5 5i 5

18 2 100.000 5 5 5

19 3 100.000 5 5 3

20 4 100.000 5 5 51
21 1 200.000 5 5 0

22 2 200.000 5 5 0

23 3 200.000 5 5 0

24 4 200.000 5 5 0

Comments:POS - Cu in NW PondsOutletWater
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- Acute Daphid,48 Hr Survival

Start Data: 04/15/2000 14:45 Test ID: 2863 Sample ID: WA0024651-Port of Seattle
End Date: 0411712000 Lab ID: WAPTL-Pamme_x Tox Lab Sample Type: SRW2-1ndustrialstorrnwater

Sample Date: 0411412000 Protocol:EPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: POS - Cu inNW Ponds OutletWater

Conc-uglL 1 2 3 4
D-Control 1,0000 1,0000 1,0000 1.0000

12.5 1,0000 1,0000 1,0000 1,0000
25 1,0000 1,0000 1,0000 1,0000
50 1,0000 1.0000 1.0000 1,0000

100 1,0000 1,0000 0,8000 1,0000
200 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-uglL Mean N-Mean Mean MIn Max CV% N Sum Critical Resp Number

D-Control 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 0 20
12.5 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20

25 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20
50 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20

100 0.9000 0.9000 1.2305 0.8861 1.3453 18.660 4 16.00 10.00 2 20
200 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 4 20 20

Auxiliary Testa Statistic Critical Skew Kurt
Shapiro-Wilk'sTest indicatesnon-normaldistribution(p <= 0,01) 0.5089 0,868 -2.7962 11,6732

Equalityof variance cannotbe confirmed
Hypothesis Test (1-tall. 0.05) NOEC LOEC ChV TU
_teel's Many-One Rank Test 100 200 141.421

Trimmed Spearman-Karber
Trim Level ECS0 95% CL

0.0% 131.95 120.23 144.81
5.0% 134.92 120.13 151.53

10.0% 136.08 128.49 144.12 1.0 ,=
20.0% 136.08 128.49 144.12

Auto-0.0% 131.95 120.23 144.81 0.9
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Acute Daphld-48 Hr Survival
Start Date: 04/15/2000 14:45 Test ID: 2863 Sample ID: WA0024651-Port of Seaffie

End Date: 04/17/2000 Lab ID: WAPTL-Parametdx Tox Lab Sample Type: SRW2-1ndustrialstormwater
Sample Date: 0411412000 Protocol: EPAA 91-EPA Acute Test Species: DM-Daphnia magna
Comments: POS - Cu in NW Ponds OutletWater

Dose.Response Plot
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DRAFT- SUBJECTTO CHANGE- Preparedby ParametrixrInc. November 2001
Groundwater Shading with Green Dashed Polys and Black Surface Water Subbasins for 04
PGG Fill Are



DRAFT- SUBJECTTO CHANGE - Preparedby Parametrix,Inc. November19,2001
I

94 Surface-water Shadlng ahowlng change: [

(Olive Drab = J_J_-rChange) (Purple = NOCher_ek_.tbL_l_ofth .e (Pink = Change in this part of the Subbasin) Ig4_nl_'wetar Basinsand text are shown in Green " ,--

"'Groundwater Basin Changeis Hatched in Blackwith Text shown for 94 and 2004 _/
PGG Fill Area are shown in cyen lines I
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