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- EXECUTIVE SUMMARY

The Seattle Tacoma International Airport (STIA) 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 support of the

National Environmental Policy Act (NEPA)/State Environmental Policy Act (SEPA), 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-ft-long runway

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

runways

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

• 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 ft 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
III 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 hydrogeomorphic 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.

' These permanentimpactsincludefdlingandpotentialredirectimpacts.
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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 construction include removal of wetland vegetation (native and non-
native) and potential sedimentation. Indirect impacts include potential alteration of wetland
hydrology, ongoing disturbance of wildlife by aircraft noise, and human disturbance. Indirect
impacts to the hydrology of wetlands adjacent to the fill are expected to be minimal and will not
significantly alter the function of these wetlands. The project design allows groundwater and runoff
to continue to flow to downslope wetlands. Indirect impacts resulting from noise and human
disturbance are expected to be minor because most wetlands are already subject to aircraft noise,
traffic noise, and human disturbances, and because the wildlife species present in these wetlands are
tolerant of these activities.

About 2.4 acres of indirect wetland impacts could occur in certain locations where changes to
wetland hydrology, shading, or fragmentation results in loss of functions. While these indirect
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 indirec0, and
streams. This mitigation prevents cumulative impacts, attributable to the proposed actions, from
occurring.
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- 1. INTRODUCTION

Implementation of the updated Seattle-Tacoma International Airport (STIA) Master Plan will result
in unavoidable filling of wetlands and a 980-ft 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 Environmental
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) did not have access to some properties during the earlier analysis.

The report is organized into four sections. Section 1 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 Improvements, Seattle-Tacoma International 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 Mitigation 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
resulting from the project.

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
accommodate only a single arrival stream. As a result, significant arrival delay occurs during poor

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 (FAA 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 Safety Areas (RSAs) that meet current Federal Aviation Administration

(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 rtmway (16X/34X) with a length of 8,500 ft and associated taxiway
and navigational aids

• Extending Runway 34R by 600 ft to the south

• Adding a new air traffic control tower

• Relocating South 154thStreet to accommodate the RSAs and third runway

• Improving and expanding the main terminal and access system

• Developing new parking facilities and expanding existing facilities

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

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

• Relocating, redeveloping, and expanding support facilities

Airport improvements that will affect wetlands and streams are the RSA extensions and relocation

of South 154th Street, the new (third parallel) runway, development of on-site borrow sources to
provide fill for the runway, and the development of a SASA.

The project area is located at and near the STIA in SeaTac, Washington (Figure 1-1). Areas near
the airport where construction activities could affect wetlands are discussed below.

1.2.1 Runway Safety Areas and Relocation of South 154 th 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 ft north of its existing location.
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1.2.2 New Third Runway

An 8,500-ft runway will be constructed about 1,000 ft west of existing Runway 34L. Construction

of the third runway also requires relocation of South 154= Street north of its present location. Land

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

areas in private ownership (the acquisition area) (see Figure 1-2). The acquisition area is located
between 12_ Avenue West, Des Moines Memorial Drive, South 176thStreet, and South 147thStreet.

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 in the acquisition area could include vehicle

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

1.2.3 Borrow Areas

Several areas of Port-owned property will be developed to provide fill material for construction of
the new runway (see Figure 1-2). Borrow Area 1 is located east of Des Moines Creek and between
South 200 thStreet and South 216 _ Street. Borrow Area 3 is located west of Des Moines Creek and
between South 200 thStreet and 209 _ Street. Borrow Area 4 is located between South 196 thStreet

and South 200 = Street, near 18thAvenue 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 (see Figure 1-2). The site includes
vacant land between South 188th Street and South 200 th Street, including portions of the Tyee

Valley Country Club. Prior to development of the SASA project, portions of this site may be used

for construction staging. Construction staging uses could include vehicle and equipment parking,
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 (Parametrix 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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- Table 1-1. Summary of compensatory mitigation (on- and off-site) for watershed, wetland, and stream impacts
at Seattle-Tacoma International Airport.

Description of Impact Mitigation Action Explanation/Comment

On-Site Mitigation I

PermanentImpacts

Fill approximately 980 linear Relocate approximately Channel relocation will enhance aquatic habitat by
fi of Miller Creek channel to 1,080 fi of Miller Creek providing streambuffers and mstream habitat
accommodate thirdrunway channel, featuresand increasing channel length by
embankment, approximately 100 ft.

Establish a buffer around the channel relocation

project with native trees and shrubs. (This buffer
extends into the floodplain area.)

Fill drainage channels to Create new drainage Create approximately 1,290 ft of new drainage
accommodate thirdrunway channel and establish channel(s) with associated buffer habitat.
embankment, protective buffers.

Fill approximately 8,500 cy Replace lost floodplain. Excavate approximately 9,600 cy to achieve storage
of Miller Creek floodplain to of 5.94 acre-ft from the Vacca Farm site, providing
accommodate thirdrunway an excess of 0.7 acre-fl of floodwater storage.
embankment and South 154_
Street relocation.

Impact approximately 18.37 Restore Vacca Farm to Approximately 9.0 acres of prior converted cropland,
acres of wetland during historic floodplain shrub farmedwetland, and existing low quality wetlands
constnlction of the third wetland, will be graded and planted with native trees, shrubs,
runway embankment and and emergent species. Restoration of the area will
other consU'uction-related stabilize soils, improve water quality, and enhance
projects. Miller Creek habitat. It will reduce wildlife habitat

attractantsand conform to FAA mandates regarding
wildlife attractantsfor airportsafety.

Remove bulkheads and restore 25-ft buffer around
Lora Lake.

Restoration of entire Vacca Farm site will provide
approximately 17 acres of enhanced stream habitat,
floodplain wetlands, aquatichabitat in Lora Lake,
and buffers.

Establish a buffer between The buffer will be established and enhanced by
the floodplain planting native upland trees and shrubs to provide
enhancement area and Des approximately 1.5 acres of upland buffer.

Moines Memorial Drive. Enhance approximately 7.4 acres of wetlands along
Miller Creekby removing structures and restoring
native wetland vegetation.
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Table 1-1. Summary of compensatory mitigation (on- and off-site) for watershed, wetland, and stream
impacts at Seattle-Tacoma International Airport (continued).

Description of Impact Mitigation Action Explanation/Comment

Restore wetlands on the Plant approximately 4.5 acres of historic peat
Tyee Valley Golf Course. wetlands m the Tyee Valley Golf Course Mitigation

Area and 1.0 acre of wetland in the west branch Des
Moines Creekbuffer with native shrubcommunities.
Plant native shrubs in approximately 1.6 acres of
buffer in the Tyee Valley Golf Course mitigation area
and approximately 3.4 acres in the west branch Des
Moines Creek buffer. These enhancement will be
coordinated with Des Moines Creek Basin

Committee planned RDF.

The enhancement and RDF will improve hydrologic
functions of the watershed, reduce wildlife attractants
near the airfield, and restorea peat wetland.

TemporaryImpacts"

Construct temporary Restore wetland areas after Wetlands that will be temporarily _led or disturbed
stormwater management construction is complete, will be restored. Restoration will include establishing
ponds and other construction pre-disturbance topography and planting with native
impacts, which may impact shrub vegetation.
up to 2.05 acres of wetland.

Indirectand Cumulative Impacts"

Filled wetlands near Miller Establish and enhance Establish a 100-fl buffer (on average) on both sides
Creek reduce aquatic habitat buffers along Miller Creek of Miller Creek; minimum buffer width on the east

_ value of the creek, corridorbetween South side of the streamwill be 50 ft. These buffers will

15@ Street and Des provide approximately 40 acres of riparian buffer
Moines Memorial Drive. habitat.

Establisha 25-ft buffer

aroundLoraLake. Approxirnately0.60acreofbufferaroundLoraLake
willbeconvertedfromlawntonativewetlandand

uplandshrubvegetation.

Additionaldevelopmentin Participateindeveloping Theseplanningprocesseswillidentifyeffective,
the watersheds could result and implementing Miller long-term solutions to restore additional fish habitat
in additional cumulative Creek and Des Moines to Miller and Des Moines Creeks. The Port will

impacts. Creek basin plans, contribute both staffing resources and funds, and
work with other cooperating jurisdictions to plan and
implement appropriate watershed restoration
projects.
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Table 1-1. Summary of compensatory mitigation (on- and off-site) for watershed, wetland, and stream
impacts at Seattle-Tacoma International Airport (continued).

Description of Impact Mitigation Action Explanation/Comment

The runway fallor borrow Design internal drainage Subsurface and surface replacement channels will
area excavation may and conveyance channels, continue to collect and distribute groundwater
eliminate water sources that currently surfacing near 12s Avenue South to Miller

contribute to remaining Creek and associated wetlands.

wetlands down slope of the Monitor wetlands adjacent Surface drainage patterns and conveyance swales will
runway, to the thirdrunway be designed to collect and distribute groundwater

embankment and borrow seepage and surface runoff to wetlands downslope of
areas, the borrow areas.

Wetlands subject to potential indirect impacts will be
monitored to determine if unmitigated indirect
impacts have occurred. If significant new wetland
impacts are verified, corrective actions will be
implemented.

Off-Site Mitigation

PermanentImpacts

Loss of approximately 18.37 Replace high quality Due to conflicts with avian habitat and aviation
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

overall ratio of 2:1. wetland creation will increase overall avian and other

wildlife use and diversity in an areathat will not
compromise aviation safety.

a All mitigation areas (including, but not limited to, streams,wetlands, buffers, and floodplains) located within 10,000
ft of a runway shall be subject to the provisions of the Port's Wildlife Hazard Management Plan (U.S. Department
of Agriculture 2000) for the management of wildlife and wildlife attractant areas.

1.3 WETLAND DELINEATION

Wetlands in the study area 2 were identified through wetland delineation studies completed by FAA
(1996) and Parametrix(2000a). Studies completed by Parametrixupdate 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 Engineers (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 study area addressed in this report and the supporting wetland delineation report includes all areas where
development for Master Plan Update improvements are planned as well as adjoining areas where mitigation is planned
or where indirect impacts would occur (see Figure 1-2).
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Over 117 wetlands, 12 ponds, and 8 channels (excluding Miller and Des Moines Creeks) totaling
115.9 acres have been delineated at Master Plan Update improvement sites. Additional wetlands
known to exist nearby (see Section 1.4) increase the total to more than 200 acres' (Table 1-2,
Figures 1-2, 1-3, and 1-4). Approximately 18 acres of wetlands could be directlyaffected by
development proposed in 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 STLL and it is likely that un-inventoried
wetlands exist on private property elsewhere in 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
function to many of the smaller wetlands occurring within the acquisition area.

While a number of small wetlands would be impacted or eliminated by the proposed Master Plan
Update improvements, several large wetland complexes both on-site and nearby would not be
affected by the improvements. These wetlands contain physical and biological features that
indicate they provide a variety of wetland functions within Miller and Des Moines Creek
watersheds at moderate to high levels. These wetlands are discussed briefly below.

A 30-acre wetland (Wetland 43, see Table 1-2 and Figure 1-3) occurs between Des Moines Way
and State Route (SR) 509 immediately north of South 17@ Street. This wetland contains a
diversity of vegetation types, including forested, shrub, emergent, and open water wetland classes.
Walker Creek flows through the wetland. The diversity of plant types, the presence of permanent
open water, and hydrologic connections to Walker Creek indicate the wetland provides moderate to
high biological functions for a variety of wildlife groups (resident fish, passerine birds, small
mammals, amphibians, and waterfowl). Its location near the headwaters, the presence of adjacent
developments, and topographic conditions in the depression the wetland occupies all suggest it also
provides substantial base flow support, surface runoff storage, sediment trapping, and water quality
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 ofupslope
development, and topography of the basin indicate the wetland provides major base flow support,
surface runoff storage, sediment trapping, and water quality benefits.

3 This number includes 115.89 acres reported in Table 1-2 and wetlands associated with Bow Lake (25 acres), Tub
Lake (17 acres), and other nearby significant wetlands (49.7 acres) described in Section 1.4.
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1-2. Summary of wetland areas in the Seattle-Tacoma International Airport Master Plan Update area.

Wetland * Classification b Area (Acres) Drainage Basin

Employee Parking Lot Area
1 Forest 0.07 Miller

2 Forest 0.73 Miller

Subtotal 0.80

Runway Safety Area Extension
3 Forest 0.56 Miller

4 Forest 5.00 Miller

5 Forest/Scrub-Shrub 4.63 Miller

6 Scrub-Shrub 0.86 Miller

Subtotal 11.05

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 Forest/Emergent (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 0.14 Miller
25 Forest 0.06 Miller

26 Emergent 0.02 Miller

W 1 Emergent 0.10 Miller

W2 Forest/Emergent (20/80) 0.22 Miller
Other Waters of the U.S. 0.02 Miller

Farm Site

FW1 Farmed Wetland 0.03 Miller

FW2 Fanned Wetland 0.09 Miller

FW3 Farmed Wetland 0.59 Miller

FW5 Farmed Wetland 0.08 Miller

FW6 Farmed Wetland 0.07 Miller

FW8 Farmed Wetland 0.03 Miller
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Table 1-2. Summary of wetland areas in the Seattle-Tacoma International Airport Master Plan Update
area (continued).

Wetland" Classification b Area (Acres) Drainage Basin

FW9 FarmedWetland 0.01 Miller

FW 10 Farmed Wetland 0.02 Miller

FW11 Farmed Wetland 0.11 Miller

Other Waters of the U.S. 0.02 Miller

West Acquisition Area

35a-d Forest/Emergent (40/60) 0.67 Miller

37a-f Forest/Emergent (70/30) 5.73 Miller

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

4 la and b Emergent/Open Water 0.44 Miller

44a and b Forest/Scrub-Shrub(70/30) 3.08 Miller

A 1 Forest/Scrub-Shrub/Emergent (15/15/70) 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

A 12 Scrub-Shrub 0.11 Miller

A13 Forest 0.12 Miller

A 14a and b Forest/Scrub-Shrub/Emergent (50/25/25) 0.19 Miller

A 15 Emergent 0.04 Miller

A 16 Scrub-Shrub/Emergent (20/80) 0.09 Miller

A 17 Forest/Scrub-Shrub/Emergent (20/80) 2.66 Miller
A 18 Scrub-Shrub 0.01 Miller

AI9 Emergent 0.04 Miller

Lora Lake Open Water 3.06 Miller
Other Waters of the U.S. 0.33 Miller

Riparian Wetlands

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

Wetland ° Classification b 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

R10 Scrub-Shrub 0.04 Miller

R11 Emergent 0.42 Miller
R12 Forest 0.03 Miller

R13 Emergent 0.12 Miller

R14a Scrub-Shrub/Emergent (25/27) 0.13 Miller

R14b Emergent 0.08 Miller

R 15a Forest/Scrub-Shrub/Emergent (25/65/10) 0.79 Miller

R15b Forest/Emergent (25/75) 0.25 Miller

R17 Forest 0.31 Miller
Subtotal 51.33

Borrow Area 1

32 Emergent 0.09 Des Moines

48 Forest/Emergent (20/80) 1.58 Des Moines

B1 Forest/Scrub-Shrub(30/70) 0.27 Des Moines
B4 Scrub-Shrub 0.07 Des Momes

B11 Emergent 0.18 Des Moines
B12d Scrub-Shrub 0.63 Des Momes

_ B14 Scrub-Shrub/Emergent (70/30) 0.78 Des Momes
B15 a and b d Scrub-Shrub 2.05 Des Moines

Other Waters of U.S. 0.01 Des Moines

Subtotal 5.66

Borrow Area 3

29 Forest 0.74 Des Momes

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

B5 Forest/Scrub-Shrub(40/60) 0.08 Des Moines

B6 Forest/Scrub-Shrub (30/70) 0.55 Des Moines

B7 Forest/Scrub-Shrub(30/70) 0.03 Des Moines
B9 Forest 0.05 Des Moines

B10 Forest 0.02 Des Momes

Subtotal 2.35

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

28 d Scrub-Shrub/Emergent/Open Water(50/30/20) 35.45 Des Moines

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

G 1 Emergent 0.05 Des Moines

G2 Emergent 0.02 Des Moines

03 Emergent 0.06 Des Moines

G4 Emergent 0.04 Des Moines

05 Emergent 0.87 Des Moines

G6 Emergent 0.01 Des Moines

07 Forest/Scrub-Shrub (30/70) 0.50 Des Moines
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Table 1-2. Summary of wetland areas in the Seattle-Tacoma International Airport Master Plan Update
. area (continued).

Wetland" Classification b Area (Acres) Drainage Basin

G8 Emergent 0.04 Des Moines

WH Open Water 0.25 Des Moines

DMC Forest/Scrub-Shrub/Emergent 1.08 Des Moines
Subtotal 43.67

IWS Area

IWS a and b Forest 0.67 Des Moines

Subtotal 0.67

South Aviation Support Area Detention Pond
E1 Forest 0.23 Des Moines

E2 Forest 0.04 Des Moines

E3 Forest 0.06 Des Moines

Subtotal 0.33 Des Moines

TOTAL 115.86

a Due to the number of wetlands, their location within the project area, and the history of their documentation, a
wetland labeling protocol was developed.
• Wetlands with numbered designations (e.g., Wetland 35 or Wetland 44) were described by Shapiro and

Associates, Inc. (FAA 1995).

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

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

• Wetlands with a 'W' designation (e.g., Wetland W1 or W2) are new wetlands occurring within the west
airfieldarea.

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

• Wetlands with an 'E' designation (e.g., Wetland E1 or E2) are new wetlands occurring within the SASA
detentionpond area.

• Wetlands with an 'IWS' designation (e.g., IWSa and IWSb) are new wetlands occurring near the IWS lagoon.

• Wetlands with a 'B' designation (e.g., Wetland B5 or B10) are new wetlands occurring within the borrow
sites.

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

b Numbers indicate approximate percentage of cover by respective wetland classes (Cowardin et al. 1979).
c Includes Lake Reba.
d Portions of the wetland area are estimated.
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- Bow Lake is a 25-acre wetland (Figure 1-4) located east of 28 thAvenue South and north of South
188th Street. This wetland contains open water and shrub vegetation classes, and forms the
headwaters of the east 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 of runoff, and water quality benefits.

Wetland 28 (see Table 1-2 and Figure 1-4) 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, passerine 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. Significant wetlands near the STIA project area (areas are estimated).

Wetland Classification" Approximate Area (Acres) Drainage Basin

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

51 Forest/Scrub-Shrub (30/70) 16.0 Des Moines

A20 Emergent 0.3 Miller

Total 49.7

" Numbers indicate approximate percentage of cover by respective wetland classes (Cowardin et al. 1979).

A series of wetlands (Wetlands 3, 4, 5', 6, 7, 8, and 9; see Table 1-1 and Figure 1-3) totaling about

25 acres comprise the Miller Creek detention facility. The wetlands consist of open water,
emergent, shrub, and forested wetlands that are hydrologically connected to Miller Creek. The

diversity of wetland classes, permanent open water, and hyrdologic connections to stream habitat
indicate the wetlands provide moderate to high biological function to a variety of wildlife groups

(resident fish, passerine birds, small mammals, amphibians, and waterfowl). The location near the
headwaters, presence of adjacent developments, and topographic conditions suggest the wetland

complex also provides physical functions such as base flow support, surface runoff storage, and

sediment trapping.

4 Minor (0.14 acre)fill impactslikelywill occur in Wetland5. Becauseof the small area affected,locationupslope of
the floodplain, and proximity to other disturbance, the overall functions provided by the wetland will not be
significantly affected.
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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 2.1. Impacts

to the ecological functions provided by wetlands are 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 from 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 runoff during construction. Operational impacts include wildlife disturbance from

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 5 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:

5Wetlandfunctionsare thephysical,chemical,andbiologicalprocessesand interactionsthat occur in a wetland.
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- • Supports resident and anadromous fish. Wetlands can provide direct habitat for fish, or
provide indirect supportto fish habitat by a numberof processes.

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

• Provides waterfowl habitat. Wetlands frequently provide aquaticandsemi-aquatic habitat
used by waterfowl for nesting and foraging.

• Provides amphibian habitat. Wetlands with seasonal ponding may be breeding and
rearing habitat for amphibians, which then disperse to adjacent upland areas.

• Provides small mammal habitat. A variety of small mammals forage in and adjacent to
wetlands. Some small mammals (beaver andmuskrat)live in certaintypes 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 enters surface waterdrainage systems. Less frequently, they are areas where
surface water collects and recharges groundwater aquifers.

• Provides flood-storage and runoff desynchronization. Wetlands in floodplains store
floodwater and can reducedownstream flooding. Other wetlands slow surface water runoff
rates,which can also reduce peak runoffrates.

• Enhances nutrient retention and sediment trapping. Wetlands that reduce water
velocities are areas where sedimentation occurs. Nutrientsand pollutants are often attached
to these sediments. Chemical and biochemical processes in wetlands can also remove
nutrients and other chemical pollutants from 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 (Brinson 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 address this gap in assessment

methodologies, I-Iruby et al. (1995) developed a numeric assessment methodology (Indicator Value
Assessment, or IVA) that establishes relative functional performance scores for wetlands within a

limited geographic 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 Washington; 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 attributesconsideredin evaluatingbiologicalfunctionsof wetlands impactedby the
proposed MasterPlan Update improvements.

Function

Resident/
Anadromous Passerine Small

WetlandAttribute Fish Birds Waterfowl Amphibians Mammals

Wetland Physical Attributes
Size of wetland X X X X

Wetlandis hydrologicallyisolated X X X X

Wetlandis hydrologicallyconnectedto fish-bearing X X X X X
stream

Wetlandditched or drained X

Connectionof wetland toother natural areas X X X X

Seasonality,frequency,and amountof floodingin X X X X X
wetland

Depth and area of seasonalopen water X X X X

Depth and area of permanentopen water X X X X
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Table 2-1. Wetland attributes considered in evaluating biological functions of wetlands impacted by the

proposed Master Plan Update improvements (continued).

Function

Resident/
Anadromous Passerine Small

Wetland Attribute Fish Birds Waterfowl Amphibians Mammals

Hummocks/islands present in wetland X X X X

Wetland cultivated X X X X

Evidence of impacts from excess nutrients, toxic X
materials, or sediments

Buffer attributes

Amount of impervious surface within watershed X X X

Buffer is discontinuous by crops, pasture, or urban X X X X
yard

Amount of buffer in forest, shrub, or undisturbed X X X X
grasscommunities

Upland/wetland edge irregular (W:L ratio >2:1) X X X X X

Vegetation Attributes

Number of vegetation classes (vertical habitat X X X
diversity)

Interspersion of vegetation classes X X X X

Amount, diversity, and size of forested communities X X X X

Evidence of seasonal ponding in forest vegetation X X X
classes

Areas of aquaticbed vegetation X X X

Areas permanently ponded with emergent X X X X
vegetation

Areas seasonally ponded with emergent vegetation X X X X

Interspersion of water and emergent vegetation X X X X

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

Amount and diversity of shrub communities X X

Buffer vegetation is deciduous, coniferous, or X X
mixed

Avian perch sites adjacentto or above water X X

Largewoody debrispresent 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
Streamchannelsinuous X X

Evidenceoferosionandhighstreamvelocities X

Poolsandrifflespresent X X X X

Spawninggravelspresent X

Presenceofundercutbanks X X

Streamchannelshadedby vegetation X X X

Presenceofseepsandsprings X X X
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- Table 2-2. Wetland attributes considered in evaluating physical functions of wetlands impacted by the

proposed Master Plan Update improvements.

Function

Nutrient /

Exports Groundwater Flood Sediment
WetlandAttribute 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

Multiple channels within wetland X X

Wetland discharging to stream X X X X

Receives storm flood water X X X

Wetland has fluctuating water levels throughout year X X X

Interspersion of vegetation and open water areas X X

Evidence of beaver dams X X X X

Amount of vegetation present in flooded portions of wetland X X

Direct evidence of sediment trapping X

Outflow present during summer 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 organic soils X X

Underlying soil is clay, till, or hardpan X

Wetland in pasture or cultivation X X

Amount and type of human activities in upstream watershed X X

Man-made detention 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 to be:
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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 restricted

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 biological
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 [HGM]). 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 (USFWS) vegetation classes of wetlands impacted (palustrine emergent, palustrine 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 streams. However, because of the design and siting
criteria for the various elements of the Master Plan Update improvements and the proximity 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 Vacca Farm parcels (Appendix C, Pammetrix 2000a). Most of these

PC wetlands (6.96 acres) are located within the Vacca Farm floodplain restoration area, and will be
restored to wetland as a result of on-site mitigation (Parametrix 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, 44, 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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3-1. Summary of permanent fill impacts to wetlands in the proposed Seattle-Tacoma International
Airport Master Plan Update improvement area (in acres).

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

Runway Safety Area

5 HI Slope Shrub 0.14 0.07 0.07 0.00

Subtotal 0.14 0.07 0.07 0.00

Third Runway

9 III Slope Forested/Emergent 0.03 0.01 0.00 0.02

11 III Slope Forested/Emergent 0.50 0.40 0.00 0.10

12 III Slope Forested/Emergent 0.21 0.04 0.00 0.17

13 III Slope Emergent 0.05 0.00 0.00 0.05

14 III Slope Forested 0.19 0.19 0.00 0.00

15 III Slope Emergent 0.28 0.00 0.00 0.28

16 III Depression Emergent 0.05 0.00 0.00 0.05

17 III Depression Emergent 0.02 0.00 0.00 0.02

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

19 III Slope Forested 0.56 0.56 0.00 0.00

20 II Slope Shrub/Emergent 0.57 0.00 0.51 0.06

21 III Slope Forested 0.22 0.22 0.00 0.00

22 III Slope Emergent/Shrub 0.06 0.00 0.01 0.05

23 IV Depression Emergent 0.77 0.00 0.00 0.77

24 HI Depression Emergent 0.14 0.00 0.00 0.14

25 III Depression Forested 0.06 0.06 0.00 0.00

26 IV Depression Emergent 0.02 0.00 0.00 0.02

W 1 Ill Depression Forested/Emergent 0.10 0.00 0.00 0.10

W2 III Depression Forested/Emergent 0.22 0.04 0.00 0.18

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

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

39 II Slope Forested 0.02 0.00 0.00 0.00

40 III Depression Forested 0.03 0.00 0.03 0.00

41a and b HI Depression Emergent a 0.44 0.00 0.00 0.44

44a and b II Slope Forested 0.26 0.18 0.08 0.00

A1 II Depression, Forested/Shrub/Emergent 0.59 0.09 0.09 0.41
Riparian

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 proposedSeattle-Tacoma International

Airport Master Plan Update improvement area (in acres) (continued).

Ecology FiLl Vegetation Types Impacted

Wetland Rating HGM Class Classification Impact Forested Shrub Emergent

A 18 III Slope Shrub 0.01 0.00 0.01 0.00

FW5 and 6 IV Depression, Farmed Wetland 0.15 0.00 0.00 0.15
Riparian

R1 HI 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 HI Depression Forested 0.60 0.60 0.00 0.00

E2 III Slope Shrub 0.04 0.04 0.00 0.00

E3 III Slope Shrub 0.06 0.06 0.00 0.00

G1 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 IV Slope Emergent 0.87 0.00 0.00 0.87

G7 III Slope Forest/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 0.07 0.00 0.00 0.07
Riparian

B11 HI 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 III Depression Emergent 0.02 0.00 0.00 0.02
Area 7

Auburn III Depression Emergent 0.03 0.00 0.00 0.03
Area 9

Auburn III Depression Emergent 0.07 0.00 0.00 0.07
Area 10

Subtotal 0.12 0.00 0.00 0.12

TOTAL 18.37 8.17 2.98 7.22

a Includes 0.18 acre of open water habitat.
b These wetlands extend off-site.
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Table 3-2. Summary of direct temporary construction impacts to wetlands in the proposed Seattle-Tacoma

_ International Airport Master Plan Update improvement area.

Total Temporary Vegetation Type Impacted (acres)
Impact Area

Wetland Classification a (acres) Forest Shrub Emergent

Runway Safety Area Extension

4 Forested b 0.20 0.20 0.00 0.00

5 Forested/Shrub b 0.20 0. l 0 0.10 0.00

Third Runway

9 Forested/Emergent 0.16 0. l I 0.00 0.05

18 Forested/Shrub/Emergent 0.22 0.04 0.07 0.1 l

37 Forested/Shrub/Emergent 0.71 0.50 0.10 0. l l

44a Forested/Shrub 0.28 0.18 0. l 0 0.00

A 1 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 Area

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 palustrine, based on USFWS wetland classification system (Cowardin et al. 1979).
b Temporary impacts will be limited to installation of sediment fencing and standard BMPs.
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- wildlife populations and the high percentage of urbanization within the area may limit the numbers

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 (Williams et 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 varied thrushes,

orange-crowned warblers, black-capped 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, raccoon, 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

(Nussbaum 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

treefi'og) 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 fragmented 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 grouped 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 streambank erosion (Booth 1991;

Childers and Gosselink 1990). Other riparian wetlands help reduce 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 Quality

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 runoff 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 of high 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 from direct filling of wetlands (Section
4.1). Temporary impacts are the short-term 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 of planned 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 (from a planned bridge spanning wetlands at SASA).

Table 4-1. Summaryof permanentwetlandimpactsby project andwetlandcategory"(in acres).

- Project CategoryII CategoryIII CategoryIV Total

RSA 0.00 0.14 0.00 0.14

Third Runway 8.37 4.89 0.97 14.23

Borrow Area 1and HaulRd. 0.14 0.96 0.00 1.10

SASA 0.54 1.20 1.04 2.78

Off-siteMitigationb 0.00 0.12 0.00 0.12

TOTAL 9.05 7.31 2.01 18.37

a Ecology(1993).
b Impactsresult from anaccessroadinan emergentwetlandat the Auburnmitigationproject.

4.1.1 Runway Safety 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 from a Category 111wetland 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 ultimatelycontributesto base flow in Miller Creek. Design of retainingwalls to avoid
fill in Wetlands 3 and 4, and to minimize fill in Wetland 5, will incorporate internal drainage

systemsthat allow groundwater to continue to discharge in this area, and this functionwill not be
lost or significantly diminished (see Section 4.3.13 and Appendix B). The addition of best
management practices (BMPs) for stormwater management(i.e., stormwater detention and water
quality treatment facilities) will maintain or improve water quality conditions in the wetlands,
which currently receive untreated runoff.

4.1.2 Third Runway

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

Figure 1-3 and Table 4-1). These wetlands vary from lower quality Category IV farmed wetlands
to higher quality Category II 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. Channelized 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 in 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 not be lost because fill of these wetlands is limited to areas greater than 50
ft from the stream (Appendix B).
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"- Several Category III wetlands (see Table 4-1) 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 cleating, human use, and/or stormwater), they represent lower quality

habitat than the Category II wetlands. The wildlife habitat functions of these wetlands will be lost.

Several Category IV wetlands (Wetlands 23, 26, A5, 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 occur 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 (FAA

1997). These delay some runoff and thus provide winter base flow support to Miller Creek; they do

not support low summer base flows because they are dry by late summer and early autumn. Slope
and depression wetlands provide some detention and desynchronize stormwater runoff by 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

154d'Street, and the third runway to avoid impacts to riparian wetlands and to Miller Creek (see
Figure 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 1 was purchased by the Port of Seattle for noise abatement.

Biological Functions

About 0.07 acre of CategoryII 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 In wetlands will be impacted in Borrow Area 1. Two isolated
depressions (Wetlands B 11 and B 14) 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 (B12) convey groundwater downslope to Des Moines Creek.
Depressional wetlands (Bll and B14) desynchronize stormwater runoff and likely provide some

water quality benefits. Potential indirect 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 G7) provide habitat functions similar to those described in Tables 3-4, 3-5,
and 3-7. The golf course wetlands (Wetland 52, G1, G2, G3, G4, G5, G6, and G8) 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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...... Physical Functions

Most wetlands that will be affected by the SASA are slope and shallow depression wetlands that
are seasonally saturated. They likely provide biofiltration to stormwater runoff. Their lack of
closed depressions and restricted outlets prevent them from providing stormwater detention
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. This wetland provides base flow support to the stream 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, terminal expansions, Airport Surface Detection Equipment (ASDE)
radar facilities, and utility upgrades). Several other airport-related projects (Industrial Waste

System [IWS] 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

management 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 4-1, 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

Nephelometric 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 runoff when 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) demonstrate 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.

6Washingtonsurfacewatersareclassifiedas Class AA (extraordinary),Class A (excellent),ClassB (good), Class C
(fair),orLakeClass. Classdesignationis basedlargelyon characteristicusesof thewaters. As definedby WAC 173-
201A-030,ClassAA watersshall "markedlyanduniformlyexceed the requirementsfor all orsubstantiallyall" of the
following characteristicuses: water supply;stock watering;fish and shellfishmigration,rearing,spawning,and
harvesting;wildlifehabitat;recreation;andcommerceandnavigation.
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-- Table 4-2. Summary of third runway embankment stormwater treatment plant performance results from
November 8, 1999 to March 4, 2000.

Numberofbatchesu'eated 164

Percentageoftreatedbatchesmeetingwaterqualitystandardforturbidity 100%

Average post-_eatment turbidity (N'IZJ) 2.7

Average Miller Creek turbidity on days when discharge occurred (NTU) 12.6

Source: Port of Seattle (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
- flocculation 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 from 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 monitoring 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 stonnwater 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 _om 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 runoffwhenever it rains, and

• Additionally monitoring construction stormwater runoffwhen 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 in Appendix D of the Biological Assessment

(FAA2000).

Table4-3. Summaryof the EcologyManualBMPsgenerallyapplicableto MasterPlan constructionsites.

Category ApplicableBMPs

Temporarycoverpractices Temporaryseeding,strawmulch,bondedfibermatrices,and
clearplasticcovering

Permanentcoverpractices Preservingnaturalvegetation,maintainingbufferzones,and seedingand
plantingfollowingconstruction

StructuralerosioncontrolBMPs Stabilizedconstructionentrance,tire wash,constructionroad,
stabilization,dustcontrol,interceptordikeandswale,andcheckdams

Sedimentretention Filterfence,stormdraininletprotection,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

WetlandFunctionalAssessmentand ImpactAnalysis December2000
Seattle-TacomaInternationalAirport 4-9 556-2912-001 (03)
MasterPlan Update G:_oJalworking_2912_JJ291201103mpu[2000 Impact reportIRevised Wetland impact.doe

AR 009263



. Secondary containment of spillable substances

• Use of drip pans and pads

• Contractoreducation

• Labeling and proper storage of spillable substances

• Designated spill containment procedures

• Proper notification and cleanup procedures

4.2.2 Other Potential Construction Water Quality Impacts

Sediment ponds store stormwater runoff for treatment, and during storage, water temperature can
be altered 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 from embankment construction areas occurs during smaller, summer-season

storms when temperature impacts are of greatest concern. For example, 1998 and 1999
observations in treatment facilities show the construction sites did not generate sufficient runoff to

require operation of the treatment system until mid-November. By October and November,

temperature impacts from stormwater would not occur due to the cool air temperatures (Table 4-4),
lack of solar radiation, cool stream water, and high streamflows. Similarly, by April 1999,

stormwater runoff quantities from construction sites had decreased to the point where the plant
operation was discontinued, thus eliminating discharges during the warmer months (see Table 4-4).

Table4-4. Temperaturerangesandsky conditionsfor the warmestmonthswhenextendedstorageof
stormwaterat the SeattleTacomaInternationalAirport is expected.

Parameter November April

AverageMaximumTemperaturet 49.6°F 58.2°F

AverageMinimumTemperature 38.1°F 40.1°F

AverageTemperature 43.9°F 49.2°F

HighestTemperature 65°F 77°F

LowestTemperature 23°F 30°F

Numberof cleardays 3 3

Numberof partlycloudydays 4 7

1 Salmonundergostressif watertemperaturesare generallyabove 17°C (64.3°F) (Grootet al. 1995and
McCuUough1999). Since maximumtemperaturesare low andlittle solarradiationoccursduringmonthswhen
significantstormwateris likely tobe held andreleased,temperatureimpactsthat couldaffect fish are unlikely.

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

Temporary construction impacts that will occur in wetlands near construction sites are described
below. Temporary construction impacts are anticipated to occur in up to 2.05 acres (Table 4-5).

The temporary construction impacts will occur in areas that may be used for temporary access
roads, temporary sediment and erosion control ponds, staging areas, and stockpiling areas. Other

minor temporary impacts to wetlands may occur as a result of demolition (Figure 4-2). During
construction and demolition, all practicable efforts will be made to avoid and minimize impacts to
wetlands within this temporary construction impact zone (e.g., flagging and protecting wetlands

with barrier fencing and sediment fencing, locating access roads and staging areas wherever

possible outside of wetlands, implementing TESC BMPs).

Demolition of houses and other buildings at several locations (Table 4-5) within the west-side

acquisition area requires operating equipment and temporarily placing demolition debris on lawns
and yards that are also wetlands. Demolition on Parcels 314 and 321 may also require Hydraulic

Project Approval (HPA) review prior to reinforcement of existing Miller Creek crossings (a small
bridge on Parcel 321 and a culvert on Parcel 321) so trucks can haul out demolition debris.

In general, the duration of these temporary impacts will be approximately one to two construction
seasons. While the overall construction period for the Master Plan Update improvements will

extend over several years, near any given wetland, the construction period will be shorter.

Temporary construction impacts are generally anticipated to occur early in construction sequencing.

Restoring wetland functions to temporarily disturbed areas will mitigate temporary construction
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, ere).

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 remaining
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 4-5. Description of temporary impacts to wetlands from the Seattle-Tacoma International Airport
Master Plan Update improvements.

Wetlands Temporary Impacts

Runway Safety Areas and Relocation of South 154a Street

Wetlands 3, 6, 7, and I0 Wildlife could be disturbed by construction noise near Wetlands 3, 6, 7, and 10;
however, wildlife in the area are already tolerant of air traffic and roadway (SR
518 and South 154th Street) noise.

Wetlands 3, 4, and 5 Temporary construction disturbance could occur in the portion of the wetlands
that bordersthe conswaction area. These impactscould include disturbance to
wildlife and minor soil disturbance or siltation caused by the installation of silt
fences.

Wetlands R1 and R2 Minor soil disturbance and siltation could cause impacts at the bridge crossing area.

There could be disturbance to wildlife from construction activity and noise.

Third Runway

Wetlands 9 and 11 A small portion of Wetland 9 and the remaining portion of Wetland 11that is not
permanently impactedcould be disturbed.

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

Construction activity and noise could disturbwildlife.

Wetlands R1, R2, R3, R4, Construction activity and noise could disturbwildlife.
RS, R6, R7, R8, R9, and

- R10

Wetlands A1, A9, A 10, Temporary construction disturbance could occur in portions of Wetland A 1
A11, A12, A13, and 39 adjacent to the embankment fill.

Temporary disturbance is possible to small portions of Wetlands A12 and A13
outside the footprint of fill slope and perimeter road.

Minor soil disturbance and siltation is possible within portions of Wetlands A12,
A13, and 39 that are immediately adjacent to the footprint of fill slope, perimeter
road, or other construction areas.

Consmlction activity and noise could cause disturbance to wildlife in Wetlands
A9, A10, A11, A13, and 39.

Wetlands 18 and 37 These wetlands are subjected to 0.93 acre of temporary impact. Disturbance is
possible from the construction of temporary stormwater management facilities
(e.g., detention pond) in Wetland 37. (Note: Permanent stormwater management
facilities will be located outside of wetland areas.)

A narrow band of temporary disturbance is likely immediately adjacent to the fill
footprint and 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 limited areas of siltation within Wetlands 18 and 37.

Construction activity and noise could cause disturbance to wildlife.

Temporary disturbance is possible to wetland drainage patterns/hydrology in
Wetland 37 due to the construction of the temporary stormwater management
facilities.
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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 disturbance adjacent to construction include:

. Soil disturbance related to the placement of silt fences,

• Construction stormwatermanagement }

• Construction activity and noise could cause disturbance to wildlife.

Demolition Demolition of several houses and other buildings within the west-side acquisition
arearequiresopera_slgequipment and temporarily placing demolition debris on
lawns and yardsthat are also wetlands. These occur in Wetland 17 (Parcels 219,
221,222, 225, 235, 236, and 243), Wetland R13 (Parcels 317 and 321), Wetland
A16 (Parcel 322), Wetland A15 (Parcel 325), and Wetland 52 (golf course storage
shed). Demolition on Parcels 314 and321 may also requireHPA approval to
improve existing Miller Creek crossings so trucks can haul out demolition debris.

Staging Areas No temporary impacts are expected. Staging areas will be a minimum of 50 ft
from Miller Creek andplaced outside of wetland areas.

In wetlands borderingintended staging areas, activity and noise during
construction of each staging location may disturb wildlife.

Borrow Area 1

Wetlands B1, B4, and 32 Excavation will avoid Wetlands B1,134, and 32; all other wetlands will be
permanently impactedby excavation or dewatering.

Interruptionin hydrology for Wetlands B1,134, and 32 is not anticipated; 50-fi
- buffers will maintain seasonal perched water regime.

Excavation activities andnoise will disturb wildlife.

Wetlands 48 and B15 Surface flows to these wetlands will not be affected because the upslope
watershedof the wetlands (which extends east the stormwater drainage system
located along 20_ Avenue South) will not be altered.

Borrow Area 3

Wetlands 29, 30, B5, B6, All wetlands are being avoided and a 50-fl buffermaintained. Wetland hydrology
B7, Bg, and B10 will be maintained by preserving conditions in the watershed basin upgradient and

immediately surroundingeach wetland. To ensure wetland hydrology is
maintained, a drainageswale will be conslTuctedalong the upslope 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 Construction activity and noise will disturb wildlife.

Minor soil disturbance and siltation may occur along the perimeter of construction
due to the installation of silt fences.

IWS Lagoon Expansion

Wetland 28 No filling or construction occurs in this wetland. (Note this project is not a Master
Plan Update improvement.)
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4.2.3.1 Runway Safety Areas and Relocation of South 154 * Street

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

extensions will be built. As part of the RSA extensions, South 154t_Street will be relocated up to
several hundred ft 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 7.

During the relocation of South 154thStreet, temporary disturbance to wildlife is likely to occur in
Wetlands 3, 4, and 5. Wildlife in these wetlands are tolerant of aircraft noise fi'om existing runways

and roadway noise from SR 518 and the existing South 154th 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

7TESC BMPswill be implementedprior to constructionof all MasterPlanUpdateimprovementprojects(see Section
4.2.2), and theireffectivenesswillbe strictlymonitored. The adequacyof theseBMPs is reviewed by Ecology through
approval of stormwater pollution and prevention plans prior to implementation.During 1998-1999 embankment
conslruction,no waterqualityviolations(includingsedimentdischargeto wetlands)occurred.
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-- restored after the placement of the third runway embankment fill. Permanent stormwater facilities
will be located outside of wetland areas.

Ten small wetlands (Wetlands R1 through R10) 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 156thStreet

bridge crossing (affecting the southem edge of Wetland R1 and the northem 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 construction will occur within the wetland.

4.2.3.3 Borrow Areas

Borrow Area 1

WithinBorrow Area I,WetlandsBI, B4, and 32 willbe avoidedand protectedwitha minimum

50-ftbuffer.Temporary impactstowildlifeusingtheCategoryIH wetlandsmay occurduring

projectconstruction.

Wetlands15 and 48 willnot be affectedby excavation,and theirupslopewatershedswillbe

protectedtoensurethattheareaswillremainaswetland.The watershedsforthesewetlandsextend
eastfromthewetlandedgeupslopeto20thAvenue South.Existingstormwaterdrainagefacilities
locatedalongthisstreetfromtheeasternedgeofthewatershedforthesewetlandsand,therefore,to

preventindirectimpactstowetlandhydrology,theBorrow Area I excavationdoesnotextendwest
of this street.

Impacts to Des Moines Creek are not anticipated from Borrow Area 1 excavation because the
excavation will generally be 200 ft 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 ft east of the stream. Another
small area (about 0.2 acre) will be excavated about 175 ft east of the stream.

Borrow Area 3

AlldirectimpactstowetlandsinBorrow Area 3 areavoidedby limitingtheareaof excavationto

providea minimum 50-ftbufferaround wetlands. Hydrogeologicstudiesindicateperched
groundwaterthatintersectsthesurfacein thecentraland northwesternpartof Borrow Area 3
createsan areaof surfaceseepage,formingWetland29. OtherwetlandsinBorrow Area 3 occur
below thiszone of seepageand are formed in shallowsurfacedepressionsthatperch water.

Precipitation and runoff from upslope areas west and north of the wetlands maintain these wetlands.
Borrow Area 3 excavation can be completed without disrupting the upgradient sources of water

needed to maintain these wetlands. The plan for excavating Borrow Area 3 would preserve a 50-ft
undisturbed buffer around the downslope (east) side of the wetlands and not impact their upslope

watersheds (see Appendix C).
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- Temporary impacts to wildlife using Category II Wetlands (29 and 30) and Category III wetlands
035, B6, B7, B9, and B10) could result from construction noise and other human activity.
Excavation in the borrow area will be more than 150 to 200 ft 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 ft 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. Construction 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 II, 111,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 s. Following implementation of the mitigation projects, wetland areas will be restored to
higher quality wetlands, including converting Category III and IV wetlands to Category II
wetlands. These Category II wetlands will typically have extended wetland hydroperiods and

greater diversity of plant community types that improve water quality and habitat functions.

8Asmall(0.12 acre) area of emergentwetland(dominatedby pasturegrasses)will be filled by an access road to the
Auburnmitigationsite.
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-.- Table 4-6. Summary ofwetiands subject to mitigation activities.

Vegetation Type Impacted

Wetland Rating Vegetation Types Total Forest Shrub Emergent

Miller Creek BufferNacea Farm Mitigation Projects (on-site)

FW 1, 2, 3, 8, 9, IV FarmedWetlands 0.88 0.00 0.00 0.88
10, and 11

18 II Forest/Shrub/Emergent 1.27 1.27 0.00 0.00

37a II Forest/Emergent 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 IV Shrub 0.01 0.00 0.01 0.00

A4 IV Shrub 0.03 0.00 0.03 0.00

A9 III Shrub 0.04 0.00 0.04 0.00

A10 IV Shrub 0.01 0.00 0.01 0.00

A 11 III Shrub 0.02 0.00 0.02 0.00

A13 HI Forest 0.12 0.12 0.00 0.00

A16 HI Shrub/Emergent 0.05 0.00 0.00 0.05

R1 III Emergent 0.04 0.00 0.00 0.04

R2 HI Shrub/Emergent 0.12 0.00 0.06 0.06

R3 III Shrub 0.02 0.00 0.02 0.00

R4 HI Emergent 0.11 0.00 0.00 0.11

R4b III Forest/Emergent 0.11 0.03 0.00 0.08

R5 HI Emergent 0.05 0.00 0.00 0.05

RSb III Forest/Emergent 0.07 0.02 0.00 0.05

R6 III Forest/Emergent 0.21 0.05 0.00 0.16

R6b III Emergent 0.09 0.00 0.00 0.09

R7 HI Forest/Emergent 0.04 0.04 0.00 0.00

R7a HI Emergent 0.04 0.04 0.00 0.00

R8 II Shrub/Emergent 0.40 0.00 0.20 0.20

R9 III Forest 0.38 0.38 0.00 0.00

R9a II Forest/Shrub/Emergent 0.30 0.30 0.00 0.00

R10 III Shrub 0.04 0.04 0.00 0.00

RI 1 II Emergent 0.42 0.00 0.00 0.42

R12 III Forest 0.03 0.03 0.00 0.00

R 13 III Emergent 0.12 0.00 0.00 0.12

R14a HI Shrub/Emergent 0.13 0.13 0.00 0.00

R14b 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

R17 II Forest 0.31 0.31 0.00 0.00
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Table 4-6. Summary of wetlands subject to mitigation activities (continued).

= _ Vegetation Type Impacted

Wetland Rating Vegetation Types Total Forest Shrub Emergent

Waters B, V I, NI Open Water 0.05 0.00 0.00 0.05
and V2

Subtotal 12.72 5.47 1.40 5.85

Tyee Valley Golf Course Mitigation Project (on-site)

28 II Emergent 4.50 0.00 0.00 4.50

Subtotal 4.50 0.00 0.00 4.50

Auburn Mitigation Project (off-site)

Auburn III Emergent 21.56 0.00 0.00 21.56

Subtotal 23.27 0.00 0.00 23.27

TOTAL 40.49 5.47 1.40 33.62

OtherWatersof the U.S. V1 and V2 (0.02 acre) not included in this table.
b Temporary impact resulting from temporary road providing access to the mitigation site.
c Temporary impact resulting from temporary road located on-site.
d Temporary impact to area that will be excavated and replanted.
c Impacts to this area result from converting existing ditches and farmed wetland to a wetland drainage channel that

connects the mitigation project to the 100-year floodplain.

Vaeea Farm Wetland Restoration Site

Mitigation at the Vacca Farm Restoration Site (Figure 4-3) will result in modification of existing

emergent wetland, farmed wetlands, and prior converted cropland (Table 4-7). 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 Vaeca Farm.

WetlandModification 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 (1, 2, 3, 9, I0, 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 trees and shrubs, clearing and grubbing to remove 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 structures 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 III
wetlands to create more diverse or higher quality 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 III 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 constructed 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.

9 Surface water, up to several inches deep, occurs in portions of the wetland for short periods following excessive rain.
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-" Other activities that will occur in 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,

discing, 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 portions of wetlands

• Stormwater management upslope of wetlands

• Aircraft noise

• Human disturbance from nearby construction or operation

• Wildlife management activities

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

• Potential discharges to wetlands of stormwater rtmoff from construction sites

Wetland functions potentially impacted by these activities include:

• Wildlife habitat support, by altering habitat conditions or wildlife use of wetlands

• Hydrological, including groundwater discharge functions that occur in wetlands

• Water quality, resulting from impacts to vegetation structure and surface water drainage
patterns

The discussion of indirect impacts includes evaluations of the various mitigation actions taken to

avoid and minimize wetland impacts. These mitigation actions include natural resource mitigation
described in the Natural Resource Mitigation Plan (Paramelrix 2000b), as well as various design

modifications that reduce or eliminate potential indirect impacts to wetlands.

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 indirect impacts to four wetland physical functions were 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
reductions in dissolved oxygen

• Changes to wetland vegetation that affect stream habitat conditions including shade and

export of organic matter

• Changes to wetland hydrology that may affect the ability of a wetland to provide base flow
to streams

4.3.1.2 Provides habitat for song (passerine) birds

Indirect impacts to songbird habitat can result from:

• Increased noise and human disturbance

• Changes in hydrology that eliminate special habitat conditions (i.e., hydrologic changes

eliminate standing water that might be used by certain bird species) or change the dominant
vegetation types 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 flooding in 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

Indirect impacts to amphibian habitat functions could occur from changes in habitat conditions
discussed above for fish, passerine birds, and waterfowl.

4.3.1.5 Provides small mammal habitat

Indirect impacts to small mammal '° habitat functions could occur from changes in habitat
conditions discussed above for passerine birds and waterfowl.

4.3.1.6 Exports organic matter

Indirect impacts to this function could occur from the alteration of flow pattems in wetlands that
transport organic matter to adjacent streams, changes in hydrologic conditions (rates or timing), or
modification of riparian areas where organic production is produced and falls into streams.

4.3.1.7 Maintains groundwater exchange

Indirect impacts to this function could result from significant changes in upslope groundwater

recharge or alteration of groundwater discharge patterns (location and timing). Groundwater
exchange functions could be altered by new impervious surfaces, soil compaction, 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 wetlands do notprovidesignificanthabitat for large mammalsbecause they are too small to independently
support the habitatrequirementsof largemammalsfound inwesternWashington. Large mammals(except coyote and
fox) cannotuse the wetlandsbecause adjacentdevelopmentand habitatfragmentationpreventsaccess.

WetlandFunctionalAssessmentandImpactAnalysis December2000
Seattle-TacomaInternationalAirport 4-27 556-2912-001(03)
MasterPlan Update c:_,o_,_,g_9_.,_5.,9_.,o;_oJ._t2oooImpactRepo_evizedWetlandImpact.doe

AR 009281



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 temporary interchange include changes to vegetation, hydrology,
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 (Parametrix 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 3:1, as explained in the NRMP (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
(Parametrix 2000b).
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- Table 4-8. Summary of potential indirect impacts to wetlands and actions taken to mitigate indirect impacts of
the Seattle-Tacoma International Airport Master Plan Update improvements.

Wetlands Functions Potential IndirectImpactsand Mitigation

Runway Safety Areas and Relocation of South 154_ Street

Wetlands 3, 4, 5, 6, 7, Wildlife Habitat Disturbance to wildlife is minimized because new roadway
and 10 is constructed on top of a retainingwall; wildlife using

these areas are already tolerantof aircraftand automobile
noise (from SR 518 and South 154_ Street). Aircraftnoise
will decreaseas some take-off and landing operations are
shifted to the new runway. Since aircraft noise is much
greaterthan traffic noise, the closer proximity of the roadto
these wetlands would be unlikely to eliminate wildlife from
the area.

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

Hydrologic and Water Disturbance to wetland hydrology is not anticipated
Quality because the projects do not add substantialnew impervious

surfaces (The RSA is unpaved, and the street relocation
replaces existing impervious surfaces). RSAs will
incorporate an internal drainage system that will infiltrate
rainwater 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 stormwaterrunoff from South
154s Street and the STIA airfield. Following project
construction, stormwater from the road and airfield will be
detained and treated with BMPs for water quality, as
described in the SMP (parametrix2000c). This will
improve water quality conditions in the wetland compared
to the existing condition.

Third Runway

North End

Wetlands A1, 8, and 9 Wildlife Habitat Disturbance to wildlife from automobiles and aircraft
noise should not increase because wildlife in these

wetlands are alreadyexposed to these noises. ForWetland
A1, substantialdisturbances related to ongoing farm
activities will be eliminated, and mitigation will be
completed to restore non-habitat wetland functions on the
site. This mitigation will reduce habitat conditions for
waterfowl that currently feed on the farmland. Habitat for
small mammals and aquatic organisms will improve.

Habitat in these wetlands will continue to be subjected to
potential wildlife management according to the Wildlife
Hazard Management Plan (Port of Seattle 2000)
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Table 4-8. Summary of potential indirect impacts to wetlands and actions taken to mitigate indirect impacts of
the Seattle-Tacoma International Airport Master Plan Update improvements (continued).

Wetlands Functions Potential IndirectImpactsand Mitigation

Hydrologic and Water Disturbance to wetland hydrology is not anticipated
Quality because wetland hydrology in most of these areas is

maintained by Miller Creek, and its hydrology will not be

substantially altered by the project. The projects do not
add substantial new impervious surfaces near these
wetlands (the RSA for the new runway is unpaved, and the
street relocation replaces existing impervious surfaces).
The runway RSA will incorporate an internal drainage
system that will infiltrate rainwater 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. Following project construction, stormwater
from the road and airfield will be detained and treated with

BMPs for water quality, as described in the SMP. This
will improve water quality conditions in the wetland
compared to the existing condition.

Riparian Areas

Wetlands R1 through Wildlife Habitat Disturbance to 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 traffic on security road. No increased
level of disturbance to wildlife is expected in Wetlands RI
and R2 at the South 156_ Street bridge crossing since the
roadway already crosses these two wetlands. Wildlife in
the riparian area will be exposed to noise from increased
air traffic; however, wildlife in the area is already tolerant
ofdisturbance.

A small area of Wetland R1 will be shaded under the new

South 156_ Street bridge.

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

maintained by Miller Creek, and its hydrology will not be
substantially altered by the project. The projects do not
add substantial new impervious surfaces near these
wetlands, and removal of development, the beneficial
impact of the embankment on hydrology (see above), and
establishment of wetland buffers will improve natural
hydrologic processes in these wetlands.

Some riparian wetlands receive stormwater runoff from
adjacent developed property. Following project
construction, the provision of 50- to 100-ft buffers will
provide water quality fimetions and reduce the amount of
untreated stormwater. This will improve water quality
conditions in the wetland compared to the existing
condition.
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Table 4-8. Summary of potential indirect impacts to wetlands and actions taken to mitigate indirect impacts of
the Seattle-Tacoma International Airport Master Plan Update improvements (continued).

- Wetlands Functions Potential IndirectImpactsand Mitigation

CentralArea

Wetlands 18, 37, 39,and Wildlife Habitat Disturbance to wetlands and their wildlife from human or
44 domestic animal activity will be eliminated due to property

access restrictions.

Disturbanceto wildlife from increased airtraffic noise

may occur;however, wildlife living in this region are
already tolerantof airplane noise; therefore, no significant
impacts areexpected. Disturbance from sparse vehicular
traffic on the security roadwill not adversely affect
wildlife.

Hydrologic and Water Permanentdisturbance to wetland hydrology is not
Quality anticipated except for a small (0.02 acre)portion of

Wetland 39. Following construction, temporarily
disturbedareaswill be restored to original topography.
The embankment for the thirdrunway will allow
infiltrationof water outside paved areas and an internal
drainagesystem will convey infiltrated stormwater to
discharge locations at thebase of the fallpad. This water
will be dispersed into 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 human or domestic animal activity will be eliminated due
A17 and A19 to propertyaccess restrictions.

Disturbance to wildlife from increased noise may occur;
wildlife living in this region are tolerant of airplane noise;
therefore, adverse impacts are not expected.

Hydrologic and Water Disturbance to wetland hydrology is not anticipated. The
Quality fill embankment for the thirdrunway will allow infiltration

of rainwaterinto non-paved areas. The internal drainage
system in the embankment will convey infiltrated
stormwater to discharge locations at the base of the fill
pad;routed stormwaterwill be dispersed into or
immediately adjacent to existing wetland areas to maintain
site hydrology.

Some riparian wetlands receive stormwater runoff from
adjacent developed property. Following project
construction, the provision of 100-ft buffers will reduce
the amount of untreatedstormwater. This will improve
water quality conditions in the wetland compared to the
existing condition.

Borrow Area 1

Wetlands B1, B4, and Wildlife Habitat Disturbance to songb/rds and small mammals using these
32 wetlands could occur during construction.
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Table 4-8. Summary of potential indirect impacts to wetlands and actions taken to mitigate indirect impacts of
the Seattle-Tacoma International Airport Master Plan Update improvements (continued).

Wetlands Functions Potential Indirect Impacts and Mitigation

Hydrologic and Water Interruptionin hydrology for Wetlands B1 and 32 is not
Quality anticipated since a 50-tt buffer will maintain seasonal

perched water regime, and upslope sources will remain. A
constructedstormdrainthatdischarges to the incised
channel thatforms most of Wetland B4 will be removed,

reducing erosive flows in the channel.

Borrow Area 3

Wetlands 29, 30, B5, Wildlife Habitat Disturbanceto wildlife from increased airtraffic noise
B6, B7, B9, and B10 may occur; however, wildlife living in this region are

alreadytolerant of airplanenoise.

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

groundwaterto the wetlands will not be disturbed(see
Appendix C).

Borrow Area 4

Wetland28 Wildlife Habitat BorrowArea 4 is located 100 to 300 ft from Wetland 28.
Theborrow area is separatedfrom thewetland by the Tyee
Valley Golf Course and/or 19@ Street South or 18_
Avenue South. Noise and humanintrusion from these

existing impacts will reduce the potential disturbance
constructionactivity at the borrow areacould have on the
existing wetland. The location of the wetland in the
approachzone to runway 34L also means wildlife in the
wetland are subjected to high noise levels that exceed
noise generatedby construction.

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

to hydrologic sources of Wetland 28 would not occur.

South Aviation Support Area

Wetland 52 Wildlife Habitat Disturbance to wildlife will be minimal because of a 75-ft
buffer. Wildlife m riparianareawill be exposed to noise
from increasedair Waffic;however, wildlife already using
these areas are already tolerantof this type of disturbance.

Hydrologic and Water No adverse impacts to water quality in riparianwetlands
Quality borderingDes Moines Creek are anticipated because

stormwaterrunoff will not be directed toward them.
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Table 4-8. Summary of potential indirect impacts to wetlands and actions taken to mitigate indirect impacts of
the Seattle-Tacoma International Airport Master Plan Update improvements (continued).

Wetlands Functions Potential Indirect Impacts and Mitigation

IWS Lagoon Expansion

Wetland 28 Wildlife Habitat Expansion of the IWS lagoon will not directly impact
Wetland28. The expansion will result in temporary
impact to wetlandbuffers that currently consist of non-
native shruband herbaceous vegetation that is growing on
fill soils. Construction will clear this vegetation and soil,
eventually replacing it with the fdl soils of the new lagoon
embankment. Wildlife using the adjacent shrub and forest
habitat is of the wetland (primarily songbirds and small
mammals) could be temporarily disturbedby these
activities. Because the wetland is in the approach
departure zone of the existing runway 34L, aircraft
routinely fly within several hundred fi of the wetland.
This noise level would exceed the noise from construction,

so wildlife use may not be reduced from existing levels.

Hydrologic and Water The IWS lagoon construction results in a reduction in
Quality surfacewater runoff that enters Wetland 28 because about

5-acres of relatively compacted fill soils will be removed
and convertedto a lined lagoon system. Water falling on
the lagoon will enter the IWS treatmentsystem instead of
Wetland 28.

The lagoon system includes an underdrain that will collect
groundwater from beneath the lagoon (approximately 260-
fi elevation) and convey it to Wetland 28. The discharge

_ point for the underdrain is located upslope of the major
portion of Wetland 28, and distribution of water to the
wetland at this location will ensure that it is available to

maintain high groundwater conditions downslope and
prevent dewateringof the wetland.

Water quality impacts to the wetland will be prevented
from occurring during the construction periodby
coustmction BMPs, as described in Section 4.2.1.

The IWS lagoon design prevents potential water quality
impactsdue to a liner and its capacity. During operation,
the lagoon linerwill prevent untreated water stored in it
from entering groundwateror Wetland 28. The lagoon
volume and IWS treatment capacities are large enough to
ensure thatovertopping and release of untreated runoff
through the emergency spillway is unlikely to occur
(Parametrix 2000c).
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- Table 4-9. Summary of indirect impact analysis and wetlands partially fdled by STIA Master Plan Update
improvements.

Wetland Wetland Area (acres)

NumbeP Total Fill Indirectb Remaining Explanation and Mitigation

Runways Safety Areas

3 0.56 0.00 0.00 0.56 Precipitation, the embankment drainage layer, and an
existing stormwater ouffall will maintain wetland
hydrology in this wetland. Retxofitting existing SDS for
water quality and quantity will enhance hydrologic
conditions in the wetland.

4 5.00 0.00 0.00 5.00 Precipitation, discharge from Wetland 3, and the
embankment drainage layer will maintain wetland
hydrology in this wetland.

5 4.63 0.14 0.00 4.49 Precipitation, the embankment drainage layer and existing
stormwater ouffalls will maintain wetland hydrology in this
wetland. Retrofittingexisting SDS for water quality and
quantity will enhance hydrologic conditions in the wetland.

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

riparian zone, seasonal seeps along the south side of the
wetland will continue as groundwater conveyance through
the flUwill be maintained by the embankment design (i.e.,

the drainage layer). The wetland will receive surface water
inputs from a biofiltration swale located adjacent to the
relocated South 154_ Street.

11 0.50 0.34 0.16 0.00 Indirect impacts result from nearby construction of South
154thStreet, runway embankment, and runway safety areas
over extended time periods.

12 0.21 0.21 0.00 0.00

18 3.56 2.29 0.55 0.72 Precipitation and the embankment drainage layer will
maintain wetland hydrology in the remaining portion of the
wetland. The incorporation of the wetland into the Miller
Creek buffer and removal of existing nearby development
will ensure that habitat functions are maintamed or

improved. Portions of the wetland may have indirect
hydrologic impacts if water collected by channels draining
the embankment do not distribute water efficiently to this
wetland.

37 5.73 3.75 0.34 1.64 See 18.

39 0.90 0.00 0.02 0.88 Indirect impacts could result from construction of a nearby
stormwaterpond. Incorporation of the wetland into the
Miller Creekbuffer and upslope water sources will ensure
remaining portions are functional.

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

- Wetland Wetland Area (acres)
Number" Total Fill Indirectb Remaining Explanation and Mitigation

44 3.08 0.26 0.00 2.82 Hydrology from precipitation and groundwater discharge
through theembankment and drainage channels will
maintain wetland hydrology in the downslope portions of
the wetland. The removal of existing residential
development will reduce humanimpacts to the area and
maintain or enhance wildlife habitat.

A1 4.66 0.59 0.00 4.07 Riparianportions of channelized Miller Creek will be
filled, and the streamrelocated. The new slxeam channel
and the restoration of the Vacca Farmarea will ensure that
the remainingportions of the wetland are functional.

A5 0.03 0.01 0.02 0.00 Indirect impacts attributed'm proximity of wetland to
embankment and stormwater management facilities.

A6 0.16 0.07 0.09 0.00 See AS.

A9 0.04 0.00 0.00 0.04 Precipitation and the embankment drainage layer will
maintain wetland hydrology. The incorporation of the
wetland into the Miller Creek buffer and removal of

existing nearby development will ensure that habitat
functions are maintained or improved.

A10 0.01 0.00 0.00 0.01 See A9.

A11 0.02 0.00 0.00 0.02 See A9.

A12 0.11 0.02 0.06 0.03 Precipitation and the embankment drainage layer will
maintain wetland hydrology in the remaining portion of the
wetland. The incorporation of the wetland into the Miller
Creek buffer and removal of existing nearbydevelopment
will ensure thathabitat functions are maintained or

improved. If distribution of water to the wetland is
inefficient, indirect impacts to hydrology could result.

A 13 0.12 0.00 0.00 0.12 Portions of this wetland are subjected to temporary

impacts. Precipitation and the embankment drainage layer
will maintain wetland hydrology in the remainm"g portion
of the wetland. The incorporation of the wetland into the
Miller Creek buffer and removal of existing nearby
development will ensure that habitat functions are
maintained or improved.

A18 0.01 0.00 0.01 0.00 The proximity of this small wetland to construction would
eliminate its hydrology and function.

R1 0.17 0.13 0.00 0.04 Hydrology from Miller Creek, precipitation, and
groundwater will maintain wetland hydrology in the
remaining portions of the wetland. The incorporation of
the wetland into the Miller Creek buffer and removal of

existing nearby development will ensure that riparian and
habitat functions are maintained or improved.
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Table 4-9. Summary of indirect impact analysis and wetlands partially filled by STIA Master Plan Update
improvements (continued).

-- Wetland Wetland Area (acres)
Number" Total Fill Indirectb Remaining Explanation andMitigation

R2 0.12 0.00 0.00 0.12 Hydrology from Miller Creek, precipitation, and
groundwater will maintain wetland hydrology following
construction. The incorporation of the wetland into the
Miller Creekbuffer and removal of existing nearby
development will ensure that riparianand habitat functions
aremaintained or improved.

R3 0.02 0.00 0.00 0.02 See R2.

R9 0.38 0.00 0.00 0.38 Hydrology from Miller Creek, precipitation, and
groundwater discharge from the embankment drainage
channels will maintain wetland hydrology in the remaining
portions of the wetland. The incorporation of the wetland
into the Miller Creek buffer and removal of existing nearby
development will ensure that riparianand habitat functions
are maintained or improved.

Borrow Area 1

48 1.58 0.00 0.00 1.58 Wetland hydrology will be maintained this wetland
through precipitation and preservation of the upslope
drainagesystem between the wetlands and 20'hAvenue
South.

32 0.09 0.00 0.00 0.09 A 50-ft buffer and preservation of upslope runoff will
prevent impacts to wetland hydrology.

B1 0.27 0.00 0.00 0.27 See Wetland 32.

B4 0.07 0.00 0.00 0.07 Groundwater sources that support this wetland will remain.
Removal of constructed drainage systems will reduce
erosive flows.

B12 0.63 0.03 0.04 0.56 Gradingmay alter distributionof water to upslope portions
of the wetland and result in indirect impacts to hydrologic
functions. The remaining wetland area will remain
functional because of groundwater and precipitation water
sources and its preservationin the Des Moines Creek
buffer.

B15 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. Further assurance that
hydrologic impacts are avoid is provided by a drainage
ditch that intercepts groundwater emanating on the face of
the excavation and directs it to downslope wetlands.

B6 0.55 0.00 0.00 0.55 See B5.

B7 0.03 0.00 0.00 0.03 See B5.

B9 0.05 0.00 0.00 0.05 See B5.

B10 0.02 0.00 0.00 0.02 See B5.

29 0.74 0.00 0.00 0.74 See B5.

30 0.88 0.00 0.00 0.88 See B5.
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Table 4-9. Summary of indirect impact analysis and wetlands partially filled by STIA Master Plan Update
improvements(continued).

- Wetland Wetland Area (acres)

Number' Total Fill Indirect_ Remaining Explanation and Mitigation

Borrow Area 4 and Tyee Valley Golf Course Mitigation Area

28 35.45 0.07 0.00 35.38 Portions of Wetland 28 will be enhanced by mitigation

planned atthe Tyee Valley Golf Course, where existing
golf course green will be converted to shrub dominated
wetland. MasterPlan Update improvements occurring
nearWetland 28 are limited to portions of the third
runway, which could, without mitigation, generate
hydrologic and water quality impacts. The stormwater
reportaddressesdetention facilities and water quality
BMPs that will minimize these impacts to the wetland and
downstream Des Moines Creek. Excavation of Borrow
Area4, located south of Wetland 28 will not intercept

groundwater flowing to the wetland or Des Moines 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
maintain unfilled portions of this wetland.

G4 0.04 0.00 0.04 0.00 See G3.

G5 0.87 0.40 0.47 0.00 See G3.

52 4.70 0.00 0.54 4.16 Following construction, hydrology in this wetland will be
maintained by Des Moines Creek and groundwater
seepage. Shading results in indirect impacts to habitat
functions.

Auburn Mitigation Area

1 0.12 0.00 19.42 Remaining wetland will be converted from Category lII
emergent wetland to Category II forest, shrub, and
emergent wetlands.

TOTAL 15.97 2A0

a Wetland numbers in bold are partially impacted and subject to fragmentation impacts. For these wetlands (except
Wetland 5) mitigation and removal of existing detrimental land uses mitigate fragmentation impacts because the
remaining portions of these wetlands will be in less disturbedareaswith greaterconnectivity to other habitatareas.

b The acreage of indirect wetland impacts reported in this table is included in the total wetland impacts for the
MasterPlan Update improvements (18.37 acres). Mitigation for the indirect impacts reportedhere is provided at a
minimum 3:1 replacement ratio (see Parametrix2000b).

4.3.2.1 Wildlife

Noise and Human Activity

Wildlife species exhibit a wide rangeof tolerances to human disturbance, including noise (Gladwin
et al. 1988; Manci et al. 1988; andNewman and Beattie 1985). Near commercial airports, a wide
variety of wildlife frequentlyhabituatesto aircraftnoise andother human disturbance (Gladwin et
al. 1988; Manci et al. 1988; Conomy et al. 1998). Some wildlife species appear to be inherently
tolerantof loud noise, or they can adaptto noise, as evidenced by wildlife presence at airports and
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the variety 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. 1988; 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 but 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 occurring in the acquisition area that will be removed from wetlands include mowing,

clearing, plowing, chemical applications for yard maintenance and farming, 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 (U.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 (WHMP) for STIA (USDA 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 occun'ed in the last 5 years,
both in subbasin SDS-4. In both cases, the spill was completely contained on Port property using

the SPCCCP response procedures and no total petroleum hydrocarbons (TPH) were detected in Des
Moines Creek downstream 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 areas 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 requirements are not lost, and substantial areas of adjacent habitat remain.
Wildlife could be eliminated from a wetland area if (a) the remaining wetland habitat is smaller

than the minimum habitat requirements of a wetland-dependent species, or (b) 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 urbanized 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
context, 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
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: will eliminate the potential for indirect wetland impacts. Additional benefits to aquatic habitat and
the Miller Creek watersheds are derived from four instream enhancement projects.

The presence of undisturbed corridors between habitat patches and groups of smaller but inter-
connected habitat, patches can increase wildlife population persistence and species diversity

(Forman and Gordon 1986). For example, the minimum 200-ft-wide by 6,500-ft-long riparian
buffer along Miller Creek and the Vacca Farm restoration will lead to: (1) increased connectivity
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 specialized habitat type.

Genetic diversity, source populations to recolonize 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, 11 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 frequently 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.

_ Cosmopolitanplantspeciesare those that are capableof andgenerallydo occurin a wide range of habitats and over
largegeographicalareas. They are frequentlytolerantof a widerangeof soil,climate,and other habitatconditions.
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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 pollen grains are readily dispersed hundreds of yards to tens of miles by wind. Likewise,
the seeds of most of these species are equally adapted 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 generally prevent development of specific genotypes at the local level.

Because wind and animals readily disperse the species, seed 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 watershed and local area is not deprived of seed sources of these

wetland plants. For these reasons, a change in the resistance of the wetlands or watersheds to
disturbance is not likely.

The recent plant colonization of the wetlands following various disturbances that have been

'ongoing for at least several decades also affects their diversity. For species of plants that have
colonized the wetlands since recent disturbance, the flora consists of a single generation of

perennial plants, a condition that presents little or no opportunity for genetic divergence to occur.

As demonstrated in the mitigation plan (Parametrix 2000b), most mitigation for impacts to wetland

functions (except wildlife habitat) are occurring on-site and in-basin. The mitigation plan increases
the level of post-mitigation wetland function on the mitigation site, as well as the numerous
additional mitigation actions (e.g., upland buffers, stream habitat enhancement, implementation of

additional stormwater management, etc.) that protect or enhance ecological functions. Functions to
be provided by natural resource mitigation projects are described in the mitigation plan (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 saturation within the wetland to the mid-summer period, and sustains the groundwater

dischargefunctionsofthewetlands.

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

andstreams.Designfeaturesincorporatedintotheprojectthathelpmaintainwetlands and reduce
base flow impacts include:

• A permeable rock drainage layer will be constructed atop existing soils, beneath the
embankment footprint. This drainage layer will allow groundwater '2 that currently surfaces
in the wetlands to be conveyed downslope to wetlands at the edge of the embankment.

• Drainage channels constructed along the west base of the embankment that will collect
water that emanating fi'om the embankment and convey and distribute it to downslope
wetlands.

• Engineeredfill materialsof sufficientpermeabilityto infiltraterainwaterfallingon non-
paved portions of the embankment (this feature reduces the amount of surface nmoff

generated from the embankment and maintains shallow groundwater sources for downslope
wetlands).

• Use of permeablestonecolumns'3as retainingwall footingsthat will avoidalteringthe
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 Hydrologic 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

n The sources of this water include water that infiltrates onto the existing airfield (a quantity which will remain
unchanged)and waterthat infiltratesinundevelopedland westof the airfield.

t_Thesepermeable stonecolumnsand other subgradeimprovementsare describedinAppendicesB and E.
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- movement throughtheembankment would notresultinthelossof thesedownslopcwetlands.
Waterwillinfiltrateintotheembankment and eventuallydischargetothedownslopewetlands.

Althoughthereportidentifiespotentialsecondaryimpacts,italsoidentifiesa potentialnetbenefit

towetlandhydrologyduringthesummer monthsdue tothedelaybctwccnthetimewaterinfiltratcs
intotheernbankrnentandwhen itdischargesfromitsbase.

Thisanalysisofpotentialbenefittowetlandhydrologyfordownslopewetlandsisapplicabletothe

indirectimpactanalysisforthefollowingwetlands:3,4, 5,7,8,9,11,Al, All, Al3, 18,37,
ChannelB, andallriparianwetlandslocatedinthewestsideacquisitionarea.

The hydrologyofriparianwetlandareas,locatedon theeastand west sideofMillerCreek(sec

Table4-5),willnotbe alteredfroma lossofseepagewaterasdescribedintheabovereferenced
analysisforMasterPlanUpdateimprovements.Inaddition,theextensivestorrnwatermanagement
systemwillpreventincreasesinpeak flowratesand durationofpeak flows,thatmay otherwise

resultinsignificantdown cuttingandbank erosion(SMP Parametrix2000c;section4.3.2.5ofthis

report.)

The resultsof theanalysiscompletedby HartCrowser(2000,Appendix F) alsoconcludesthat
groundwaterflowrateswillbe similartoexistingconditions.However,existingconditionsare

predictedtobe slightlyhigherorlowerdependingon annualprecipitation.Thisstudyconcludes:

• Groundwaterflowratesbeneaththeproposedembankment willgenerallybc similartoor
slightlylowerthanforexistingconditionsduringwet years.

• Groundwaterflowratesbeneaththeembankmentwould show asmallincreaseoverexisting

conditionsduringdryyears.

• Althoughtherunwayprojectwillproduceslightlymore surfacerunoffvolume (especially
inwet years)comparedtoexistingconditions,theoveralllong-termaverageflowsarcvery
similarinallyears.

• The longerseepagepaththroughtheembankmentresultsina seasonallag,whichproduces
a netincreaseinbaseflowtoMillerCreekand adjacentwetlandsinthesummer and early
fall.

The most recentHartCrowser(2000,AppendixF)baseflowmodelingfindingsareconsistentwith
Ecology(2000)report,whichconcluded:"Flowswouldbc lowerinthewinterthanundercurrent

condition,and greaterinsummer comparedtothecurrentcondition."Ecologyalsonotedthat
"flowsto localwetlandsand thestreamswillbe reducedonlyinwinterwhen abundantwateris

typicallypresent."

Finallya comprehensiveevaluationofthepotentiallow streamflowimpactsinMiller,Walker,and
Des Moines Creeksfi'omtheplannedSTIA improvementshasbeen completed(EarthTcch 2000,
AppendixG). Thisevaluationusedan HSPF model toevaluatetheexpectedlow flowconditions
duringAugustand Scpternberinthethreecreeksbasedon 1994landuseconditionsand landuse

conditionsfollowingallMasterPlanUpdateimprovementsin2006. Thisevaluationspecifically

addressedthefollowingconditions:
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• Late summer discharge of infiltrated water stored in the proposed Third Runway
embankment fill.

• Changes in non-hydrologic flows within the buy-out area in 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 embankment
fills.

• Extended duration discharge from stormwater 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
streams do 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 monitored 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 can be used to determine if hydrologic conditions in the
wetlands are sufficient to maintain the existing wetland vegetation types. If necessary, the

groundwater 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

• waterquantity,depth, and velocity • food resources

• cover/shelter • riparian vegetation

• habitat and floodplain connectivity

These habitat features can be protected by preventing increases in peak flow discharges, protecting

streams from degradation of water quality, and maintaining base flow conditions. Potential impacts

and protection of water quality and hydrologic conditions are evaluated in detail in the
Comprehensive Stormwater Management Plan (Parametrix 2000c) and the Biological Assessment
(FAA 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 aircratt 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 IWS system is unlikely, as discussed

in the Comprehensive Stormwater Management Plan (Parametrix 2000c). 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 maintaining 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 from water quality degradation. Water quality treatment of new surfaces plus treatment

,4 Analysis of stormwater quality is evaluatedin FAA (2000) and concludes that changes in the IWS discharges
resultingfrom the projectwill not adverselyaffectfishhabitatin MillerandDes MoinesCreeksor the IWS outfall.
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retrofitting of existing surfaces will result in treatment 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 runoff generated from high-use
areas (Parametrix 2000c).

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

Bioassay 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 screening tests in Miller and Des Moines Creeks downstream of existing STIA

stormwater outfaUs 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 outfaUs, to satisfy

NPDES Permit requirements (see FAA 2000), used standard protocols and sensitive species (the
freshwater 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 samples 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 100 percent STIA stormwater. The runoff from the three
outfalls in 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-1) 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-1 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-1 rooftops through the application of roof coatings or other treatments.

Although the above observations demonstrate that stormwater runoff 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

_5The invertebrateDaphnia pulex is more sensitive to the types of pollutants expected to cause toxicity in STIA
stormwaterthan salmonids(USEPA1985).
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in urban streams. Rather, they found streambed and bank stability (altered by changes in runoff

volume) were determined to be the "most significant problems" in Puget Sound urban streams.

Water Quality Impacts from Fining 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 in 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 inferred 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 management facilities will include water quality treatment

(Parametrix 2000c). 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 runoff 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 stormwater likely degrades some of the biological functions

also provided by the wetlands. Following construction of the embankment, runoff will be treated
by water quality treatment BMPs (Parametdx 2000e) which should enhance the biological
functions of the remaining 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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- In addition, a $300,000 trust fund will be created to support watershed restoration projects that may

improve the water quality in the streams and wetlands. The overall effect of all these changes and
measures is likely to be improved water quality in Miller, Walker, and Des Moines Creeks.

Mitigation. Water quality mitigation actions include pollutant source control, water quality

treatment (including the IWS), and off-site enhancements of wetland and stream water quality
functions. These actions are listed in Table 8-1 of the BA (FAA 2000) and Section 7.1.4 of the BA.

As described in Section 7.1.4.4 of the BA, stormwater treatment is designed to serve 189 percent of

the new impervious surface associated with the project. This level oftreatrnent compensates for the
potential inefficiencies of BMPs, therefore no significant water quality degradation would occur.

Quality Treatment BMPs. All new Master Plan Update PGIS in STIA subbasins will receive water
quality treatment to meet or exceed the requirements of the Ecology Manual as discussed above and
in the SMP (Parametrix 2000c). Where existing developed areas do not have BMPs consistent with

the Ecology Manual, these areas will be retrofitted with water quality treatment BMPs 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 runoff 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 filtering out particles. Removal of metals and

organic compounds is also significant, as these pollutants bind to trapped 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 in runoff from STIA, as
demonstrated by pollutant concentration data and toxicity testing at STIA outfalls. As required by
the Port's NPDES Permit, ongoing monitoring will demonstrate 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 _6(i.e.,
road intersections with high vehicle counts) have oil control treatment. The upper and lower

_6The King County Surface Water Management Manual (King County DNR 1998) defines high-use sites as any one of

the following:

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

• commercial or industrial site subject to petroleum storage and transfer in excess of 1,500 gallons per year, or
• commercial or industrial site subject to use, storage, or maintenance of a fleet of 25 or more diesel vehicles that are over 10

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
on any intersecting 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 (Pararnetrix 2000c). The IWS meets or exceeds the

requirements for oil control treatment.

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

Table 4-10. Seattle-Tacoma International Airport source control BMPs (as approved by Ecology).

Activity BMPs

Aircraft servicing Reslrict to IWS areas or block drains
Store glycol in IWS areas
Confine parking of lavatory waste trucks to IWS
Identify and divert potential sources of industrial pollutants to IWS
Restrictions for fueling on taxiway Alpha
Monitor SDS ouffalls during de-icing

Aircraft Movement Area (AMA) Minimize de-icing chemical use
anti-icing/de-icing Use calcium magnesium acetate (CMA)/sand mixture for roadways

Snow storage Operate pump stations to divert snowmelt to IWS

Spill control Implement spill plan

Vehicle washing and maintenance Prohibit vehicle washing in SDS areas
__ Place signs in key locations

Clean sumps in Taxi Yard annually
Sweep Taxi Yard and conlrol litter
Maintain catch basin inserts

AMA maintenance Sweep pavement frequently
Inspect catch basin sumps annually and clean as needed
Store and dispose of sediments properly
Construct secondary containment for used engine fluids

Inappropriate connections and Inspect ouffalls for evidence of illicit connections
discharges

Temporary storage of surplus and Store liquids in approved secondary containment or IWS areas only
used materials Control entry of surplus materials

Landscape management Use environmentally benign chemicals only when necessary.
(in developed areas) If landscape chemicals are used:

• Follow proper cleaning/disposal procedures
• Apply during dry periods
• Restrict use near waterways

• Incorporate BMPs into contractor specifications

• Follow Ecology guidelines for herbicide application

• Apply herbicides/pesticides according to instructions

• Fertilize shrubs and trees by hand
• Avoid catch basin grates when applying fertilizer or pesticides
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Table 4-10. Seattle-Tacoma International Airport source control BMPs (as approved by Ecology) (continued).

Activity BMPs

Implement Integrated Pest Management Plan as appropriate
Give priority to biological methods of pest management
Conduct regular weeding and pruning
Trim ivy-covered areas by hand (do not use herbicides)
Do not use beauty bark in clrainaseways

Tenant activities in SDS areas Monitor and educate tenants on source and spill conlxol
De-ice aircraftaccording to established procedures
Encourage drip pans beneath fueling trucks if leakage is observed
Sweep around dumpsters
Store liquids in secondary containment
Do not store used fluids or hazardous waste in SDS areas

Do not maintain vehicles or equipment in SDS areas
Inspectcatch basin grates
Require tenant water pollution controlplans
Enforce tenant compliance with PortSWPPP
Require tenant spill control plans

Other operational BMPs Evaluateoperations and revise standardoperating procedures to minimize
pollution
Designate an SWPPP implementation monitor
Conduct regular inspections of SWPPP elements
Assemble pollution prevention team
Conduct SDS outfall monitoring
Sign catch basins ("dump no waste - drains to salmon stream")
Establish packing material source control

Source identification is also an important part 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 influent water to flocculate

particulates and oils, (2) using dissolved air flotation to carry the floc 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-fi-long diffuser located 1,800 ft offshore at a depth between 156 and 178 fi
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- below mean sea level. The discharge is permitted by the Port's NPDES Permit (Ecology 1998b).
IWTP effluent is monitored continuously for flow; weekly for pH, TSS, and oil/grease; and
monthly for biochemical oxygen demand (BOD), glycols, and TPH.

Effluent water quality limits, established in the Port's NPDES Permit, have been met since
November 1996 with one exception in July 2000" (Ecology 1998c).

Pollutant Removal in Lake Reba. Lake Reba, a stormwater facility constructed by the Port in 1973,
collects and detains stormwater from the north end of STIA and discharges it to Miller Creek. In
addition to stormwater detention provided by live storage (volume that drains dry between storms),
Lake Reba has a permanent pool that allows the facility to act as a wetpond. Wet'ponds are water
quality treatment BMPs that function by settling solids and by allowing physical, chemical, and
biological mechanisms to capture and/or transform dissolved pollutants (Homer et al. 1994).
Pollutants such as heavy metals and nutrients that adsorb to particulates are removed as well.

Snowmelt Facility. The Port uses a snowmelt facility to store melting snow after de-icing
chemicals have been applied to the runways and taxiways. The facility drains to a pump station
that diverts meltwater to the IWS. This BMP reduces the amount of BOD in nmoffreaching Miller
and Des Moines Creeks.

Aircraft Anti-Icing and De-Icing Within IWS. Aircraft anti-icing and de-icing is performed only
within areas draining to the IWS and conforms to the operational source control BMPs for airports
as identified by Ecology (1999b). This BMP minimizes glycols in stormwater runoff.to Miller and
Des Moines Creeks.

Enhancement of Wetland Water Quality Functions. Existing degraded wetlands in the Miller and
Des Moines Creek basins will be enhanced to restore their natural water quality functions
(ParameUix 2000b)." As described in Mitsch and Gosselink (1993), wetlands naturally benefit
water quality by:

, Increasing settling and mechanical trapping of particulates

• Removing metals and other toxins that bind to particulates

• Reducing and binding metals in humic material

• Biological removal/uptake of nutrients

,7 A single TSS excursion occurred in Summer 2000, during an atypical event. Under current conditions, pumping
Lagoon 3 completely empty would disturb sediment on the bottom of the Lagoon. Therefore, a small amount of water
normally is allowed to remain in the bottom of the Lagoon. To allow for Lagoon 3 expansion construction, it was
necessary to pump and treat this water. Algae concentrated in this small amount of water was sufficient to cause a TSS

excursion. This excursion is a result of one-time operational conditions. Furthermore, cleaning and lining of the
Lagoon will occur in 2001, inhibiting future algae growth.

msNo natural wetlands will receive tmlreated stormwater from Master Plan Update improvements.
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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 ft of Miller
Creek will be enhanced (Parametrix 2000b). Native trees, understory plants, and ground cover will

replace lawns, agricultural areas, golf course, and other areas, which will remove pollutant sources
and restore buffer quality and continuity. As described in Committee on Protection and
Management of Pacific Northwest Anadromous Salmonids (CPMPNAS) (1996) and Forman and
Gordon (1986), enhanced buffers will:

• Increase biofiltration of runoff flowing into the stream from riparian areas

• Reduce erosion in riparian areas

• Shade the stream to reduce stream temperatures and 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 revegetating eroding and hardened streambanks
and by installing large woody debris in the channel (Parametrix 2000b). These restoration activities

will provide water quality benefits to Miller Creek by reducing channel 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 runoff from both newly developed project areas and 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 free-draining and they seldom, if ever, store water.

Flood Storage and Peak Flow Attenuation. The riparian wetlands located in the 100-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 stormwater detention facilities using
this model will ensure that flow mitigation 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 year. 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 12th
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.

Groundwater 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 restrict 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 recharge groundwater.

However, the HSPF model is based on-the premise that all wetlands infiltrate; thus the model
conservatively accounts for potential impacts to groundwater 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 International
Airport Master Plan Update Improvements (SMP; 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

Retrofitting 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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(1998) Manual, requires matching or improving post-developed flow duration to pre-developed
flow durations 19 for all flow magnitudes between 50 percent of the 2-year event and the full 50-

year event.

The Level 2 flow control standard analysis is more protective than the Level 1 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 continuous simulation of 50 years of rainfall 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 stream morphology, habitat (such as stream 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 10 percent impervious), 15 percent pervious "grass," and

75 percent pervious "forest. ''_° By achieving target flows based on a theoretical basin development
of 10 percent impervious (Miller and Des Moines Creeks existing impervious areas are 23 percent

and 32 percent, respectively) Master Plan Update improvements stormwater 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 determined in a study by the University
of Washington (ICing County CIP Design Team 1999). The flow regime determined for Des

Moines Creek coincides with a target 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 corresponding to approximately 10 percent imperviousY m

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

19Flowdurationcontrolrefersto limitingthedurationof geomorphicallysignificantflows(i.e., those flowsthatinitiate
bedloadmovement)tobaseline(pre-MasterPlanUpdateconditions).

20Inareaswhereexistingimperviousareais lessthan10percent,the differencebetweenactualpercentimperviousand
the 10percentthresholdis assumedtobe grass.

21The HSPF modelwas calibratedwith recordedstreamtlowdataand analysisof basin landuses priorto simulation
with Level 2 flow controls. The calibrationaccountsfor flows attributableto each land use, based on existing
conditions. Flows for other land uses (10 percent impervioussurfacesand conditionswith MasterPlan Update
improvements)andLevel2 flowcontrolswerethensimulatedwith theHSPFmodel(Parametrix2000c).

,.2This retrofitanalysisappliestothe basinupstreamof the MillerCreekdetentionfacilityand the Des MoinesRDF.
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- standard, and potential for waterfowl attraction. Approximately 326 acre-fl of new stormwater

detention storage will be needed to mitigate the impacts of increased stormwater runoff (Table 4-
11) associated with Master Plan Update improvements. 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 VauR Construction 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 constructed in non-wetland areas. The

relation of stormwater 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 23and will not include wet ponds with
dead storage.

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 Mitigation. 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 channel stability.

4.3.2.6 Floodplain Impacts

Filling of wetlands within 100-year floodplains is limited to those in the Vacca Farm area. On-site
floodplain mitigation is incorporated into restoration at the Vacca 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.

,.3Live storage is that volumeof stormwaterstored ina detentionfacilitythat drains followingthe storm. Live storage
is used for hydrologicbenefitto reduce flowpeaksand durations.
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Table 4-11. Summary of required detention facility volumes.

Hydrologic Volume Required
Watershed Evaluation Point (acre-R) Type of Facility a Comments

Miller Creek NEPL 13.9 b Vault In addition to existing 4 ac-fl

CARGO 4.5 Vault

SDN2x + 14.9 Vault
SDN4x

SDN3/3x 25.6 Vault

SDN1 5.6 Vault

Pond: 14.8 /
SDN3A Pond/Vault

Vault: 7.0

Pond: 25.5 /
SDW1A Pond/Vault Infiltration usedVault: 7.4

SDW1B 38.3 Pond Infiltrationused

Total Miller Creek 157.5

Total Walker SDW2 7.2 Pond
Creek

Des Moines Creek SASA Detention 33.4 c Pond
Facility

Interconnecting 5.5 Vault
taxiway (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 Types of facilities: Vault - enclosure with multiple orifice outlets on vertical riser with overflow spillway;
Pond - open earth construction with netting or other means to provide wildlife deterrent.

b Volume needed to retrofit existing facility.

c Retrofit STIA area only.
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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 (MSE) walls. These include:

• Completion of detailed explorations and in-situ tests to thoroughly and completely identify
conditions in the subgrade soils that will support the MSE walls

• Replacement or improvement of subgrade soils to support the MSE walls

• Development of construction quality control specifications by specialists in MSE wall
technology, and who have successfully completed more than 10 MSE walls exceeding 90 ft
in height

• Use of select soil materials for construction to provide adequate drainage behind and below
the walls

The design and geotechnical evaluations of the MSE stabilized earth wall are explained in
Geotechnical Engineering Report-404 Permit Support-Third Runway Embankment Hart Crowser
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-Seattle-

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
subgrade 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 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 permeability 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 facing panels- The MSE wall will be faced with concrete panels that are spaced

with a 3A 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 with

steel strips (about ¼ 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 runways.
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 because 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 rtmoff (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 154th 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 aircraft 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 contrast 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 thStreet

Several isolated Category III wetlands (Wetlands A5, A6, and A8 through A13) and three Category
II wetlands (Wetlands 18, 37, and 44) occur between 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 154th/156_ Street bridge crossings

(Figure 4-10). Following construction, 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

Vacca 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 fi 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_ Street 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 channelized flow that occurs in Wetland 37 (Parametrix

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 perermial "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 constructed 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 treatment 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 Appendix
I.
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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 ft east of Miller Creek. It is about 60 and 100 ft 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 R1 and R2. Excavation of a temporary at

this location has intercepted some perched groundwater, which now discharges to existing
stormwater drainage systems near wetland R1. Monitoring of wetlands R1 and R2 will be

performed to verify that wetland hydrology remains in these areas following pond construction and
relocation of South 156thStreet. 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-ft detention facility to be located north of South 160_ Street. The pond is
located about 60 ft east of Miller Creek. It is about 50 ft from riparian Wetlands R5 and R6. The

facility will be excavated to about 251 ft, 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 R5.

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 R6.

Pond D

Pond D is a 38.3 acre-fi detention facility to be located near South 170 thStreet. The pond is located
about 700 ft 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 10 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 ft 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 3.5-inch orifice will discharge at elevation 347.2 ft, and reduce

potential dewatering 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 ft above 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 Wetlands R10 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 underdrain (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 _dStreet. 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 ft 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-ft of storage to the Des Moines Creek basin. It is located
near South 188_ Street and 24 _ Avenue South. Construction of the facility will eliminate Wetlands

E2 and E3 (0.1 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 4-11) and temporary offices near
Stormwater Pond D and 170* Street South (see Figure 4-11), 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 I

Five wetlands in Borrow Area 1 (Wetlands 32, 48, B1, B4, and B15) will be avoided; all remaining

wetlands will be permanently impacted by excavation. The upslope watersheds of Wetlands B1

and 32 will not be affected by borrow site development, and setbacks around the wetlands will

maintain the seasonal 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 hydrologic impacts to
Wetlands B15 and 48. To preserve the surface watershed-supplied rtmoff and interflow to these
wetlands, no excavation will occur west of 20th Avenue South.

Wetland hydrology in Wetland B 15 appears to be maintained primarily by direct precipitation. Its
location above a relatively thick (>20 ft) 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 20th 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 pattem 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 B 12 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 Area 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 determine 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, B10, 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 fi 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 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 3-1. 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
converted 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 will 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-fi 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 R1 will occur as a result of the 154th/156thStreet bridge crossings.
Following construction, the areas of remaining wetland will continue to receive hydrology from
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
functions because, despite the loss of adjacent riparian wetland, remaining portions will be restored
and incorporated into the 100-ft-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 from 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/berm 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 infiltration (Kennedy Jenks 2000).

A new underdrain system beneath the lined treatment lagoons will allow groundwater beneath the

lagoon to drain 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 constructed embankment maintain wetland hydrology for the
wetlands adjacent to Lagoon 3. Surface nmoff 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

Dewatering 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 occur 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 dewatefing 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 ft 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 from 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 degraded
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 (Washington State Department of Transportation
1999), the Link light rail project (Regional Transit Authority 1998), the Des Moines regional
detention facility (RDF) (Des Moines Creek Basin Planning Committee 1999) and development
planning undertaken by the City of SeaTac). In addition, STIA is planning and implementing
development non-Master Plan Update projects at STIA, including electrical substation upgrades,
South Terminal 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

Projects in the airport vicinity sponsored by agencies other than the Port of Seattle are 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.

The Washington Department of Transportation is the lead agency for the proposed extension of
State Route 509 south of the Airport. The SR 509/South Access Road project would extend the SR
509 freeway south from South 188'hStreet to a connection with Interstate 5 and improve related
local traffic circulation patterns. Southern access to the Airport would be provided by 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 southem 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 corner of Des Moines Creek Park

and require the acquisition of approximately 8.1 acres of parkland. Continuing toward 1-5, the SR
509 mainline would pass through an area of mobile homes and would join 1-5 at near the
intersection of SR99/South 208thSt. 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

February 2000 and August 2000, WSDOT released updated information on the project in a number
of Discipline Reports in the following areas:

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

altematives 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 Quality: Potential impacts to water quality could occur from the construction and operation
of the highway (WSDOT 2000b). Construction activities would include clearing of vegetation,
demolishing existing roads and buildings, regrading the existing ground surface, installing culverts
at stream crossings, handling construction materials, and operating machinery. If unmitigated,
these activities have the potential to disrupt surface water flows, increase surface runoff volumes,
cause erosion and sedimentation in 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 in 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" in 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 Intemational
Boulevard from 152"dStreet, 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 Intermodal
Center. The line would then continue elevated along the west side of International Boulevard, tum
southwest to cross 188thStreet and continue elevated along the east side of 28thAvenue South to
South 200thStreet. Three stations are proposed: North SeaTac, with a 260-, 454-, or 670-stall park-
and-ride, 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 vicinity 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 eastem edge of
WashingtonMemorialParkandthelossof0.12acresofforestedandpalustrineemergentwetland
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
of fish habitat from in-water piers and clearing of littoral vegetation.

There are a number of options under consideration for construction of the South SeaTac 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 200u'Street park-and-fide if the 950 proposed stalls are constructed. Increased impervious
surface associated with the proposed South 200_ Street park-and-fide facility could impact local
drainage systems and water quality by increasing runoff; 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 Moines Creek watershed, although the amount of pollutant-generating
impervious surface would increase.

The Preferred Alternative would have stations at South 154thStreet, the Intermodal Center or North
End Airport Terminal, and South 184_ Street (possibly) and south of South 200 _ Street. The
stations at South 154thStreet, the Intermodal Center/North End Airport Terminal, and South 184th
Street would decrease impervious surface. The proposed park-and-ride facility at South 200th
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), govem 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 200thStreet, and at 28_ Avenue South and South 200 _ Street to
meet KCSWM Level 2 requirements. Water quality treatment would be provided at the South 154th
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 Facility

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 group comprised
of the Port of Seattle, King County, and local jurisdictions. The Des Moines Creek Plan is intended

to improve stormwater runoffmanagement 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-it of storage. The facility would
mitigate impacts of stormwater runoff from all past and future (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 1 impounds the Northwest Ponds by constructing a berm at the existing outlet release
control. A second berm would be constructed 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 berm at the existing outlet. A
second berm would be constructed at the Approach Light Road with a flow release control of
discharge in the rangeof 10-year to 25-year return interval flow rate. The existing culverts at South
200 thStreet would be modified to perform flow ratecontrol for 25-year to 500-year return interval
flow rates. East Fork Des Moines Creekat the Tyee Pond would be diverted to Northwest Pond.
The South End Sea-Tat storm drainage (existing concretepipe) would be reroutedto the Northwest
Ponds, and the Flow Bypass System would be connected to the existing outlet. Preliminary Design
Report, p. 16.

The berm design for Alternative 2 could require filling up to 1 acre of wetland within the golf
course, depending on the final berm design and location. Preliminary Design Report, p. 53. This
Alternative would also requirereconstructionof approximately2,000 linear feet of existing channel
and the removal of two artificial weirs that are located within that reach. Restoration and

enhancement of the stream channel would include both instream 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 berm 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 berm 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 wetland, 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 heating examiner (File No. CZ00-00001) 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 westem
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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- mitigation site. The Port will also install orange barrier fencing and TESC measures during any

construction adjacent to the mitigation site to ensure that any potential impacts from construction
are avoided.

The Port's proposed mitigation on Tyee golf course is over 500 It from the preferred alternative for
SR 509. The mitigation is also over 500 ft from the preferred alternative for the South Access

Freeway. In addition to this substantial distance, the drainage conditions adjacent to each proposed
roadway would prevent construction runoff to enter the mitigation area. Construction noise from

machinery more than 500 It away is likely to be less than noise generated from aircraft, and is thus

unlikely to affect any wildlife using the mitigation site. Therefore, these projects would not affect
the hydrologic or riparian functions desired for the mitigation site

The FAA and USDA Wildlife Services staff have evaluated the mitigation proposed for the Tyee

Valley Golf Course for potential wildlife hazards to aviation. These agencies have determined that
the mitigation results in a decrease in wildlife hazards near the airfield. Highway construction and

operations typically reduced habitat for and use by wildlife, and therefore new roads near the
mitigation site are not expected to increase wildlife hazards. New roads will not create new habitat;
they are unlikely to substantially affect bird movements in the area as most birds of concern
habituate to vehicle and air traffic. Overall, modification of waterfowl habitat through the Port's

mitigation and the proposed RDF, as well as removal of habitat through conversion of undeveloped
land to roadway, should reduce wildlife hazards on the golf course.

There is no conflict between the South Access Freeway and the access bridge to SASA. The SASA

- access bridge will be located at airfield elevation (approximately 340 It). The South Access road
will be located near existing grades (280 It). Thus, the South Access road will pass beneath the

SASA bridge in an underpass.

The Port's proposed wetland mitigation is located outside the proposed RDF facility, and wetland
hydrology of the mitigation site would not be affected by operation of the RDF facility. The 100-

year floodplain of Des Moines Creek (under existing conditions) is entirely within the mitigation
site, and within the boundaries of Wetland 28 (See Implementation Addendum, Appendix C, Sheet

C3). With the RDF in operation, the 100-year flood elevations in the mitigation site will be slightly
lower than under existing conditions. Thus, increased flooding would not impact wetland

vegetation. The relation of the mitigation to the 100-year floodplain, with and without the RDF is
summarized below:

WetlandFunctionalAssessmentand ImpactAnalysis December2000
Seattle-TacomaInternationalAirport 4-78 556-2912-001 (03)
MasterPlan Update a:u_.,gl.,_5.,gl.,ol_o3_,r_,.oooImpactRtportiReviandWttlandlmpact.doc

AR 009332



- With RDF Without RDF

100-year floodplain elevation 249.5 ft 250.5 ft

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 volcanic 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-ft 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 Interlocal 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 improvements are consistent with the City's comprehensive plan
adopted pursuant to the state Growth Management Act.

While final designs for these projects are not available, each of these projects 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, replacement of wetland functions
on-site, and restoration of aquatic habitat. 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 altematives for the

Westside Subarea and modifications to the City's Comp Plan to be consistent with the regional
Metropolitan Transportation Plan.

WetlandFunctionalAssessmentand ImpactAnalysis December2000
Seattle-TacomaInternationalAirport 4-79 556-2912-001(03)
Master Plan Update G:_atnlwodring1291213J29120110Jmput2000 Impact ReponIRevbed Wetland Impact.doc

AR 009333



- The SeaTac Comp Plan FSEIS found that there would be no significant 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 SeaTac 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 affect the environmental

analysis provided for the Port's 404 application. For example, the SeaTac City 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 SeaTae 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 l l5kV 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 (March 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 H under the City of SeaTac's

sensitive areas code. Substation SEPA Checklist, pp. 7-8. The proposed project will 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 Expansion SEPA Checklist, Table 1,
pp. 3-11 and considered in a Mitigated Determination of Non-Significance 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, and construction
staging area. The project changes do not substantially alter the Master Plan EIS analysis of
potential environmental impacts. See July 19, 1999 South Terminal Expansion 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 upgrade entails
relocation of the existing north security checkpoint, construction 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 of Industrial 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 fi'om the project would be reviewed by the appropriate regulatory agencies
and may require mitigation such as buffer averaging or replacement. IWS 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 treatment 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 Checklist, p.
11.

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 transfer facilities, constructing a non-public bridge across
SR 518 (adjacent to the existing 24th Avenue South bridge), and constructing a ground support
equipment storage area. Air Cargo Development Plan SEPA Checklist, 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 stormwater
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. 7-10.

4.4.4.6 Aircraft Hydrant Fueling System ("AHFS')

The AHFS 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 infrastructure 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 Compatibility Plan

The Port issued a SEPA Determination of Non-Significance for the Part 150 Noise Compatibility

Plan on October 20, 2000. The Part 150 plan consists of a series of actions to reduce noise fi'om

ground and flight operations at the airport. The Plan includes conducting additional studies
including a siting study for the Ground Run-up Enclosure, a siting study for noise walls and
recommended changes to in runway use and flight tracks. The Plan also includes descriptions of

existing conditions, aircraft operations forecasts, existing and future noise environment, facilities,

operational and land use alternatives, technical reports, and a community involvement plan.

The Plan is part of the Port's Noise Remedy program, the goal of which is to reduce aircraft and

ground noise at the Airport, reduce noise impacts on the greater Seattle area, and encourage land
uses that are compatible with anticipated aircraft noise exposure.

The plan is anticipated to include the following components:

• Construction of noise barriers in the north cargo area

• Construction of a ground nmup enclosure

• Modifying existing maintenance regulations and noise fines

• Implementing a ground power and pre-conditioned air system

• Working with the FAA to develop noise-reducing aircraft 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 governments on airport noise compatible land use and building
codes
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- Temporary 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 existing 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 meet 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, minor wetland

Page I of 6
G:kData\workingk2912X55291201 \03mpu\1999 Mit- Docs_-INTB -Appendix.doc

AR 009347



impacts may occur due to temporary access roads and drainage features to support these
facilities:

• contractor office space
• construction material storage
• materials testing laboratory
• concrete batch 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
• hydroseeding disturbed areas
• 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 berms, 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.
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Table 1. Temporary Construction Impacts to Wetlands Resulting From Construction of the Third
Runway Embankment.

Wetland

Number Description of Facility Purpose and Need

R2 Pond outlet pipe. Outlet pipe from MCN-a detention pond must discharge to Miller
Creek to maintain drainage basin 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 temporary access road
outer collection swale, will allow service and maintenance in the swale and allow
silt fence, installation and maintenance of a silt fence. The road, 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 temporary 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 construction and soil
stabilization.

37a Temporary access A swale at the toe of the proposed slope is necessary to collect and
drive, convey runoff to the MCN-d surnp. 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
provided 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 removed following construction and soil stabilization.
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Table 1. Temporary Construction Impacts to Wetlands Resulting From Construction of the Third
Runway Embankment (continued).

Wetland

Number Description of Facility Purpose and Need
A12 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 collection swale, 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 removed following construction and soil stabilization.

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 construction and soil stabilization.

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 treatment of runoff
from 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.I

_ 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 construction and soil
stabilization.

44a Temporary access A swale at the edge of the construction area is necessary to collect
drive, and convey runoff to the WC-b sump. A temporary access road will
outer collection swale, allow service and maintenance in the swale and the pond and allow
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 (WC-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 dewatering will occur during construction of the runway

embankment. The first involves interception of existing ground water flow 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.

Dewatering of ground water 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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Technical Memorandum

EROSION AND SEDIMENTATION CONTROL DURING THIRD
RUNWAY EMBANKMENT CONSTRUCTION

Seattle-Tacoma International Airport
Third Runway Project

November 12, 1999

Prepared For:
The Port of Seattle

Prepared By:
HNTB Corporation
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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.

H. Construction Stormwater Standards

The Washington State Water Quality Standards (WAC 173-201A) requires that runoff
from construction projects not increase receiving stream turbidity by more than 5 NTU

..... (Nephelometric Turbidity Units). To meet those requirements, standard BMPs will be
constructed and maintained as necessary in and around the embankment construction
areas. Standard BMPs can be utilized to remove most of the suspended solids in the

stormwater while also providing conveyance and retention. However, due to the large
scale of the proposed third runway project, combined with the proximity of the
construction sites to Miller Creek, Walker Creek, and Des Moines Creek, standard BMPs

alone will likely not satisfy water quality requirements for turbidity. The standard BMPs

have not historically provided adequate removal of very small (colloidal) suspended
particles from the embankment runoff. Even with liberal application of standard BMPs
throughout the project site, experience on previous projects indicates that additional
treatment of construction stormwater runoff may be necessary to meet water quality
standards for turbidity.

Standard BMPs alone will not provide the level of safety desired by the Port to assure that

water quality requirements will be achieved during Third Runway Embankment
construction. Therefore, additional or supplemental stormwater treatment is proposed as
part of the Third Runway Embankment Construction Erosion and Sedimentation Control
Plan (CESCP) to provide assurance that water quality requirements will be met and wet
weather construction will be allowed. Specific supplemental stormwater treatment

systems are described in the 1999 Draft Ecology Stormwater Management Manual. It is

anticipated that the type of supplemental stormwater treatment system described in the
draft Ecology Manual will be utilized during embankment construction to control erosion

and sediment. The following section summarizes the anticipated overall Third Runway
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• . Embankment CESCP, including the use of standard and experimental BMPs during
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 northwest comer of the existing airfield.
Standard construction erosion and sedimentation controls for the 1998 and 1999 projects
included the following standard BMPs:

• silt fence

• grass and rock-lined swales,
• check dams,

• sediment traps,

• a large sedimentation pond,
• a truck wheel wash,

• soil coverings (bonded fiber matrix)
• hydroseeding

In addition to the above BMPs, 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 BMPs. 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 BMPs 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 BMP by the Department of
Ecology. A brief summary of the supplemental treatment system constructed for the
1998/1999 embankment projects follows.
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• IV. 1998/1999 Supplemental Treatment Summary

Construction runoff containing 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 water quality conditions. The pond and standard BMPs helped remove the

larger particles, but the polymer treatment system further cleaned the runoff water by
removing the smaller suspended fine particles (colloidal particles) that the standard BMPs

could not adequately remove. The polymer treatment system developed for this project
involved pumping of storrnwater runoff from the sedimentation pond into one of several
lined treatment cells constructed adjacent to the sedimentation pond. Each treatment cell

acted as an individual mixing tank/settling pond 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.
Eventually gravity 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 approved disposal areas off 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,

a record setting season for precipitation. Much of the treated water discharge was at or
below creek turbidity, and at no time was the discharge greater than 5 NTU above the
creek background turbidity. The treatment system resulted in construction storm water

discharges far exceeding water quality standards, which call for no increase of
background creek turbidity greater than 5 NTU.

In accordance with the approved BMP request, water quality monitoring and testing were
regularly preformed on the treated water prior to discharge. The monitoring included
tests for pH, turbidity, and settleable 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.
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Chemical treatment of construction stormwater runoff is a relatively new application of
technology that is used extensively by municipalities for drinking water and wastewater
treatment. 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 treatment for
construction stormwater management. Chemical treatment of construction stormwater

runoff is being used for a number of both public and private development projects in
those cities. It is anticipated that chemical treatment of construction stormwater runoff
will become more widely used due to increased scrutiny of the effectiveness of current

BMPs and greater enforcement of water quality standards to protect fish and fish habitat

protected under the Endangered Species Act.

V. Future 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 detailed 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 Sequencing & Associated Storm Water Treatment

Generally, Third Runway embankment placement is anticipated to begin in the lowest

portions 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 wetlands 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.
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The sumps needed for runoff collection will be sized to reduce wetland impacts, yet
provide 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 embankment construction reaches a height that will allow runoff to gravity
flow directly to the sedimentation pond(s). After 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 throughout 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. Embankment 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 0aydoseeding) 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 area 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
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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, fill material type, season of construction activity, and type of
supplemental treatment system. On-going planning and research is being conducted to
determine the construction phasing schedule and combination of treatment systems that
will best meet project needs, including water quality requirements.

Special 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 the unlikely event stormwater runoff volume in the ponds exceeds the design
storm, pond overflow structures will be provided to allow controlled overflow

discharges to minimize potential damage from the overflow. Backup power supply
sources will be available for the pumping and treatment systems that require power
to operate, and at least one-foot of freeboard will be provided in 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:

• Chemical batch treatment cells (i.e.: 1998/1999 system)
• High-volume mechanical filtering devices, with or without chemical treatment
• Flow-through clairifiers, with or without chemical treatment
• Flow-through ponds, with chemical treatment

On-going research is being conducted to develop the experimental BMPs that will

achieve water quality standards and best fit the needs of the Third Runway
Embankment projects. It is expected that the approved experimental BMPs will
utilize one or more of the above supplemental treatment systems.

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.
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• Pumping:

Pumping of stormwater runoff will allow flexibility in locating sedimentation ponds

and thereby reduce wetland impacts. Pumping of stormwater was a key component
of the successful 1998/1999 Embankment project. Pumping in 1998/1999 was

achieved utilizing trailer-mounted portable pumps. Similar pumps are anticipated to
be used during future embankment programs.

• Clean Runoff Diversion:

During construction, runoff from undisturbed areas will be routed, as much as
possible, around disturbed areas. This will reduce runoff quantities from exposed
surfaces to further assure water quality standards can be met. Diversion will be

accomplished using diversion swales and/or temporary piping around construction
areas. Pipe outlets, level spreaders, swales, or other devices may be used to reduce
erosion at the discharges of these diverted clean water flows.

• 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.
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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 solutions

MEMORANDUM Ancho,age

DATE: December 8, 2000

TO: Ms. ElizabethLeavitt, Port of Seattle Boston

FROM: Michael Bailey,P.E.,Hart Crowser, Inc.

RE: ProposedMSE Wall Subg_de Improvements

Seattle-TacomaInternational Airport I EXPIRES/_'//_/6/_! I ChicagoJ-4978-06

CC: JimThomson, P.E.,HNTB
Denver

In response to your request, this memo provides an update on design of the subgrade
improvementsto support the mechanicallystabilized earth (MSE) retaining wallsfor the Fairbanks

- Third Runway embankment at Sea-Tac.

This memo describes why the proposed construction below existing ground level will have
no adverse impact to groundwater flow below the proposed MSEwalls.

Jersey City

The basic design concept, construction approach, and subsurfaceconditions below the
proposed MSEwalls are generally discussedin Appendix B in the Wetland Functional
Assessmentand Impact Analysis document for the project, which includes Hart Crowser's

July 9, 1999, report entitled "Geotechnical EngineeringReport, 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 MSEwall foundation and the proposed subgrade soil
improvements, and why these constructed features will not impede shallow groundwater

flow that rechargesMiller Creek and adjacent wetlands. Long Beach

MSE WallandFoundation Components
Portland

Figure 1 shows a schematic cross section 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 use for illustration because it includes wetland soils and is near the
Seattle

1910 Fairview Avenue East

Seattle, Washington 98102-3699
Fax 206.328.5581
Tel 206.324.9530
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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 discussedin this memo. Construction elements that are related to

groundwater flow include the following:

Native Sun3cial Soils. This soft or loose to medium dense surficial soil unit consistsof silty

sand with organics, interbedded silty sand, gravelly sand, and sandy silt, 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 MSEwall.

Glacial Till. Underlying the surficial soils is glacialtill or other hard glaciallyoverridden soils

that consistof very densesilty sandand hardsandy silt,with varying amounts of gravel. This
soil unit will provide very good foundation support for the proposed MSEwalls.

Reinforced Fill Zone. The proposed MSEwall 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 wail, 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 MSEwall facing will be supported on

soilswhich are adequately strongand non-compressible,to transfer the weight of the wall to
the underlying glacial till. There are two types of subgradeimprovement that may be used

where the existingsurficialsoilsneed to be "improved" to provide thissupport;

I_ 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.

I, 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 shown on Figure 1, the eastern part of the reinforced fill extends a few feet below the

existing ground surface at the cross section (Station 178+60). The depth of this embedment
for the reinforced zone varie_ for instance at Station 177.+75,the reinforced zone will

extend below the ground surface about 9 feet.

The remainder of the memo describes the construction sequence and why shallow

groundwater recharge to Miller Creek and the wetlands west of the MSEwall will not be
impeded by either the reinforced fill extending below the ground surface,or either type of

subgrade improvement.

Shallow Groundwater Seepage through Subgrade Improvements

Subgrade improvements will be constructed by either 1) overexcavation and replacement
with compacted fill, or 2) use of stone columns. In some .areas,the reinforced fill may also

extend below the groundwater level.

Removal and Replacement for Subgrade Improvement

Where unsuitable soils are excavated as part of subgrade improvement, backfill will consist

of relatively free-draining structural fill of the type used for wet weather construction or for
the embankment underdrain. This fill will be well-graded and have a maximum fines content

(percentage of silt and clay), limited by the construction specifications to not more than 8
percent. Figures 3 and 4 show gradation of the fill materials that may be used for this

purpose. Permeability of this fill will be greater than the existing surficial soils it replaces,

because of its overall gradation and the limited percent fines.

Stone Columns

Where stone columns will be used for subgrade improvement, design calls for them to have

a nominal diameter of 42 inches and be spaced in a triangular pattern 8 feet apart. Figure 5
shows the method of constructing stone columns, and Figure 6 shows the spacing. The

design calls for the stone columns to be constructed of coarse gravel with a maximum of 10

percent passing the no. 4 size sieve with little or no fines (silt and clay sized particles). The

coarse gravel columns will occupy about 17 percent of the native soil volume based on the

design spacing and diameter. Figure 7 shows gradation of the gravel specified for usein
the stone columns.

Some densification of the native surficial soils will occur during stone column construction.

However, the degree of densification is less in silty or clayey soils of the type that exist at the
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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 MSEwall consists of concrete facing panels that are separated vertically by elastomeric

bearing pads that maintain a %-inch gap completely around the perimeter of each concrete

panel. The gap in the joint between MSEpanels enables the face of .thewall to be free-
drainin& 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 hassteel strips laid horizontally in the soil, to

provide the MSEsoil 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.

Pleasecall if you have any questions.

F:\docs_job$\497806\S ubsradeMSE(rnem)Final.doc

Attachments:

Figure 1 - West MSEWall Cross Section Station 178 + 60

Figure 2 - West MSEWall 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 MSEWall Panels

AR 009377



J-4978-06 11/00
Figure 1

AR 009378





................._....T.... _....................._-._-_-_:

ii:-i__--..........._--L___.LLIIII.__.II_-I_I_!----___...-'.........-:;I_I-.-L----._.-_L!_ILLL-:,-
I

I

I

-:-_-i ............................................_..............................I.-................................"..... --_-

"_ ......................I / " "-_o-_

.........................o
. .......... -°

_ _ii:::i_+il-............................_!_::-_-".......:................_ _-.:.-..........................................._-___--....................:++:_._--_:.-_/_,_++-_+_+-----.+_-_-------:-
I I I_-_ I

..........................................I..........................................:_:...............................................................
_-:-__:_:-_-----:_'-_+-__-_-_+__..........._-----_--_:-_---_:_i_i_>---_---_----:_-i

r E

- _ HI_JtTQ_Wr_R
FT_

J-4978-06 11100

Figure 3

AR 009380



i'IaRTCROWSER
F_

J.4978-06 11/00

Figure 4

AR 009381



. _ %., II

•_, __:__!;q_

0

J-4978-06 11/00
Figure 5

AR 009382



O
.-_•"o c_l

_ •

I c-o

t,

Q Q 0 _

- Q Q

T

_ J-4978-08 11/00
rJ) Figure 6

AR 009383



oI
!

|

i--i_i_-_ii_i-iii_ili_-iiiilZ--Ci_-__3i_i_i_{_ii_ --CL_-ii_........................ I °
0

...........................................................................- .........................X-X-7.[-:±ILL..C_
d

................................. --................

.L.CL]-"'31CL31.CLTL.3_-..3,.:L]L-CLC_L_Lq"....... _--L-]IL.C.L.........................................................................Q

2

ii ii)i;C !iii!:l
,_ §u!snd ;ueo,ed n

u

J-4978-06 11/00

Figure 7

AR 009384



h L_
0

u ga. b
uJ _'0 _ I

Z

8.

L Z
0

x I.-

o_- (/)_ z
_m_ 0c)_-r_
ZZ

I--

t..-
._.1

!j ,11

Uu- ,_J
--_ u__

i_.- r _--,_

I_lJ.
u..O

('_ OC_'l.)
I'_VO*_±) ,,t_ - ,_,

I,-- I--
Z z

.) \

"o _ _, <,,,,._,
t.")

;i,,'N _l Ii II It--- r.

e %
q)

0



Geotechnical Engineering Report

404 Permit Support

Third Runway Embankment

Sea- Tac International Airport

Prepared for

HNTB Corporation and
The Port of Seattle

July 9, 1999
J-4978-06

AR 009386_



CONTENTS Page .

INTRODUCTION 1

SUMMARY 1

GEOTECHNICAL OVERVIEW RELATED TO WETLANDS 3

SUMMARY OF EXISTING SUBSURFACE CONDITIONS 3

Soil Conditions 4
Surface Water Conditions " " 4
Groundwater Conditions 5

GEOTECHNICAL DESIGN CONSIDERATIONS 7

Embankment Design Refinements Accomplished since the FSEIS 7
Geotechnicai Design to Accommodate Site Conditions 10

GEOTECHNICAL OVERVIEW OF PROPOSED CONSTRUCTION 21

Installation of TESC 21

Temporary Construction Access Road to Maintain TESC 21
. Clearing--Topsoil Removal Limited to Specific Areas 22

Subgrade Preparation 22
Limited Construction Dewatering 23
Local Overexcavation and Removal of Unsuitable Soils 24

Local in situ Improvement of Unsuitable Soils • 25
Embankment Drainage Layer 26
/VISERetaining Waft Construction 26
Placement and Compaction of Embankment Fill 27
Embankment Slope Protection 27

MITIGATION OF POST-CONSTRUCTION HYDROGEOLOGIC IMPACTS 27

Management of Storm Water Runoff 27
Discharge of Seepage from the Embankment Underdrain 28
Post-Construction Basefiow to Miller Creek and Riparian Wetlands 29

PREPARATION OF THIS REPORT 3o

REFERENCES 31

Hart Crowser Page i
J..4978-.06

AR 009387



CONTENTS(Continued) Pa_e

TABLE

1 SoilParameters Usedfor Stability Analysis 32

FIGURES

1 Vicinity Map ......

2 Site and ExplorationPlan 1 of 2, North Study Area
3 Site and Exploration Plan 2 of 2, West StudyArea
4 Elements of Shallow Groundwater Movement

5 Shallow Regional Aquifer Groundwater Elevation Contour Map
6 • MSEWall Schematic

7 Conceptual Zoned Embankment CrossSections

8 Extent of Overexcavation for Replacement of Foundation Soils

9 Hydraulic Connection between Wetland Fill and Embankment Underdrain
10 Stone Column Installation for Subgrade Improvement

11 Comparison of Pre- and Post-Construction Groundwater Recharge, Runway
Stations 175+00 to 185+00 (Typical MSEWall)

12 Comparison of Pre- and Post-Construction Groundwater Recharge, Runway
Stations 185+00 to 215+00 (Typical 2H:IV Embankment)

APPENDIX A

SUBSURFACE CONDITIONS IN SELECTED

REPRESENTATIVE WETLAND AREAS

North Safety Area (Combination of Slopes and Walls) A-1
West Side of Embankment A-2

APPENDIX B

WATER BALANCE MODEL

Model Objective B-1

Model Concept B-2
Model Results B._

FIGURES

B-1 Water Balance Schematic between Stations 175+00 and 185+00

(Typical MSEWall)
B-2 Water Balance Schematic between Stations 185+00 and 215+00

(Typical 2H: 1V Embankment)

Hart Crowser Page ii
}4978-06

AR 009388



GEOTECHNICALENGINEERING REPORT
- 404 PERMITSUPPORT

THIRD RUNWAY EMBANKMENT
SEA-TAC INTERNATIONALAIRPORT

INTRODUCTION
°. o

This report evaluatessubsurface conditionsand geotechnicalengineering
aspectsof the proposed Third Runwayembankment constructionin the Miller
Creek drainage basin.This evaluationincludesdetermining potential indirect

impactsto wetlands downgradient of theThird Runway embankment, resulting

from project construction.Designand constructionmeasuresto avoid indirect
adverseimpactsto wetlands during and after constructionare also identified.

Avoidance of potential indirect impacts includes:

• Providingengineered measuresto maintainor enhance existinginfiltration
on non-paved portions of the airfieldand groundwaterrecharge to support

wetlands and baseflow to Miller Creek downgradientof the embankment;

• Verifying constructionof the embankmentwill not impairexistingsubsurface

groundwater movement; and

• Designing the embankment to be stable during anticipatedseismic events.

Figure 1 shows the project vicinity. The main areas of focus in this report are the
north end and mid-west side of the proposed embankment, where retaining

walls will be used to reduce the amount of wetlands filled by construction.
Figures 2 and 3 provide additional detail for these areas, including the wetlands

of potential concern, Miller Creek, and limits of the proposed embankment and
related construction. Related construction includes relocation of South 154th

Street around the north end of the embankment, and a new airport security road
around the embankment perimeter.

SUMMARY

Information in this report is based in part on exploratory borings in
representative wetland areas, accomplished under a Nationwide 6 Permit from

the Corps of Engineers (Hart Crowser, 1999, see reference list following the

main text of this report). Additional information was obtained from test pits

Hart Crowser Page 1
J-4978-06
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excavated in representative areasoutside the wetlands, as well asprevious
- explorations by others for a variety of purposes.

General findings of this report are:

• Soil conditions in the embankment footprint area will generally provide
good (better than required) foundation support, assuringlong-term stability.

• Construction will locally include subgrade improvements (removal and

replacement or in situ improvement of soils, as needed) to improve
foundation support.

• Satisfactory embankment and retaining wall seismic stability will result from

conventional construction practices (including the subgrade improvements).

• Existingshallow groundwater seepage rates will be relatively unchanged
because construction will include engineering measures to maintain flow

from existing seeps, and transmit this flow downgradient to recharge
wetlands west of the embankment.

• Infiltration through the embankment will reach Miller Creek later due to a

longer seepage path compared to existing infiltration, producing a beneficial
impact on late summer stream flow.

• Overall, recharge to shallow groundwater will continue during and after
construction, much as it does at the present time.

This report identifies geotechnical design and construction measures to avoid or

mitigate temporary (construction-related) impacts to wetlands, such as re-

infiltration and/or re-injection of groundwater from dewatering, limiting the
extent of soil disturbance, and subgrade improvements. Information on the

wetlands, extent of impacts, and other mitigation are discussed in separate
reports (Parametrix Inc., 1999a and 1999b).

This report also discussesgeotechnical design and construction measures to

avoid or mitigate indirect permanent impacts to wetlands. Mitigation measures
that minimize direct impacts include engineering design to:

• Limit disturbance of groundwater discharge zones;

• Maintain groundwater seepage to Miller Creek, and adjacent wetlands; and

• Permanently protect undisturbed wetlands with approved buffers.

Hart Crowser Page2
J-4978-06
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GEOTECHNICAL OVERVIEW RELATED TO WETLANDS

Constructionof the Third Runwaywill requirefillingtopographic low areaswest

of the existingairfield to an elevationof about 400 feet MSL. Constructionwill

require filling some existingwetlands and temporary constructionimpacts to
additionalwetlandsas discussedby Parametrix(1999b). Geotechnical design

and constructionplanningto protectwetlands focused on the =followingmain
areas:

• Use of retaining walls (referred to as MSEwalls) to avoid relocating a portion
of Miller Creek and to avoid fiilin8 adjacent wetlands;

• Use of appropriate embankment construction techniques and materials to
minimize indirect wetland impacts during and after construction;

I_ Design for embankment and retainin8 wall stability to avoid indirect post-
construction impacts to wetlands; and

• Design of subsurface embankment drainage to preserve flow to wetlands
and augment groundwater recharge that becomes baseflow to wetlands and
Miller Creek.

Storm water management durin8 construction and temporary erosion and
sediment control (TESC)to avoid construction impacts to wetlands are discussed

by HNTB (1999) and Parametrix (1999a and 1999c).

SUMMARY OF EXISTING SUBSURFACE CONDITIONS

Subsurface conditions at the site have been explored by drilling and sampling
test pits, various types of infiltration tests, and use of cone penetrometer

soundings, as discussed in several reports (Hart Crowser, 1999; AGI 1998;
CivilTech, 1997). These reports document information on subsurface conditions

that hasbeen primarily developed subsequent to completion of the 1996 Final

Environmental Impact Statement (FEIS)and the 1997 Final Supplemental EIS
(FSEIS).This new geotechnical information provides more detail, at specific

locations, to provide the basis for detailed project design. The findings from this
work are consistent with geotechnical information used for evaluation of the

project design and impacts in the FEISand FSEIS.

Hart Crowser Page 3
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Soft Conditions

Most of the proposed embankment is anticipated to be •built on recessional

outwash soils, typically consisting of 5 to 10 feet of medium dense, moist, silty,

slightly gravelly to gravelly sand, overlying dense to very dense glacial tilt
(typically silty, gravelly sand) and advance outwash soils of similar gradation.

Where the surficial soils have been locally disturbed by previous site

development, they are referred to as "fill" on the exploration logs (Hart Crowser,

1999)..........

Within the wetland areas,generally similar soils are encountered at relatively

shallow depths, with additional surficial soil layers of soft to medium stiff, low
plasticity, sandy clay and silt, which varies to loose to medium dense, non-silty to

clayey sand, and may contain organic material (peat). Borings completed under
the Nationwide 6 Permit indicate these soils range up to about 20 feet in

thickness (Hart Crowser, 1999).

Available information on soils within 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 discussed in Appendix A to this report. This information is

based on detailed geotechnical explorations accomplished by subsurface
borings under a Corps of Engineers Nationwide 6 Permit. Other wetlands not

• explored are anticipated to include similar limited thicknesses of soft to medium
stiff, wet and organic soils, based on comparison to conditions encountered in

explorations to date in the north end and west wall areas.

Soil conditions observed in the specific project areas addressed in this report are

summarized in Appendix A, based on boring and test results presented in the

SubsurfaceConditions Data Report (Hart Crowser, 1999).

Surface Water Conditions

In the project area,pre-construction baseflow to Miller Creek is comprised

primarily of groundwater discharge from the Shallow Regional Aquifer, from
both the airport (east) side of Miller Creek, and from the area on the western
side of the creek basin. Additional dischargesto Miller Creek are in the form of

surface runoff and near-surfaceinterflow (Parametrix, 1999c).

Precipitation onto the airfield becomes runoff, is intercepted by the storm water

management system, is lost to evapotranspiration, or is available for infiltration

(see Parametrix 1999c). The amount of infiltration available as recharge depends

on soil characteristics, slope, and engineered measures.

Hart Crowser Page4
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Groundwater Conditions -

Hydrologic assessmentscompleted by Parametrix (1999c) and AGI

Technologies (1996) show completion of theThird Runway will increasetotal
area of impervioussurfaceandstormwater runoff within the embankment
footprint. Thiswill resultin a slightdecreasein basefiowto Miller Creek due to

the net reduction in infiltrationin thispart o¢the Miller Creek basin.Mitigation
for thiseffect is provided by the hydrauliclag of seepage from the infiltration

which does occur, resultingin a net increasein rechargeand baseflow in the

late summer, asdiscussedin this report.

Existingshallowgroundwaterin the project area includes:

• Infiltrationfrom the ground surface;
• The surficialinterflow zone;
• Discontinuousperchedwater zones;and

• The ShallowRegionalAquifer.

This report discussespotential local impactsand mitigation for thesenear-

surface groundwater components,shown diagrammaticallyon Figure4. The
shallowgroundwatercomponents are discussedin more detail below.

Infiltration. Hydrologic measurementsconducted for the study on which the

airport's StormwaterManagement Plan isbased (Parametrix,1999c) were used
to calculate infiltrationcharacteristicsfor existingairfield fill soils,to provide

information on effectsof constructingthe Third Runway embankment.

Infiltrationto the underlying groundwatersystem is able to occur over the

existinglarge areasof the airport and adjacent land areaswhich are not paved.

Similarly,infiltrationis anticipatedover the unpaved areas (-80 acres) on top of
the new embankment.

Surficial Interflow. The surficialinterflow zone exists in the upper few feet of
the soilprofile. Flowin thiszone isessentiallysubsurfacestormfiowthat is
usuallyassociatedwith periodsof substantialrainfall.The near-surfacesoils

become saturatedand allow flow to move laterallyfrom the upper to lower
parts of the watershed catchmentarea. interflow tends to lastfor at most a few

days after major storms,but may persistthrough the winter monthswhen storms

occur frequently. Interfiow could be a factor in sustainingsome of the wetland

areas that are not fed by perched groundwater or by the ShallowRegional
Aquifer.

Discontinuous Perched Water. Zones of perched groundwater appear to exist
in the sloping hillsidethat forms portions of the western flank of the existing

Hart Crowser Page S
J-4978-06
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airfield, east of 12th Avenue. The forested Slope is formed of a mixture of glacial
till and outwash soils, which allow differing amounts of runoff, infiltration, and

evaporation to occur.

• The glacial till and hard silt soils (where present) are typically at a depth of 5
to 10 feet below ground level, overlain by outwash soils.

• The outwash soils facilitate more infiltration, allowing perched zones to
develop in places on the glacial till, or on other silty (i.e., less-permeable)

layers above the Shallow Regional Aquifer (see Figure4).

The lateral continuity of such perched zones depends on extent and

stratigraphic position of the perching layers.Test pit observations (Hart Crowser,

1999) indicate limited continuity and frequent gradational transitions in the silt
content of on-site soils. Thesevariations affect shallow seepage in two ways:

• Along the margins of silty soil zones, perched groundwater tends to

percolate downward to the Shallow Regional Aquifer; and

• Surface seeps can form where the perching layers crop out at the ground

surface. Locally these seepsmay be important sources of water to wetlands.

Shallow Regional Aquifer. Figure 5 shows groundwater elevation contours for
the Shallow Regional Aquifer.Thesecontoursgenerallymimic the surface

topography, with higher groundwater levelsoccurring beneath the airfield. The

elevated groundwater levels reflect groundwater rechargethat occursbeneath
the existingairfieldand dischargesasbaseflow to Miller Creek. Rechargeis
derived from part of the infiltration through the extensive areasof flat grassland

that flank the paved runwaysand taxiways.

The potential area for groundwater rechargeto the Shallow Regional Aquifer

that discharges to Miller Creek extends from Miller Creek to the eastern side of
the existing airfield based on the location of the groundwater divide in this

aquifer (Hart Crowser, 1985). Much of this area is underlain by glacial till, a

dense relatively less-permeable soil unit (an aquitard) that ranges up to 50 feet in

thickness below the airfield. A portion of the infiltration likely recharges shallow
perched water zones above the glacial till aquitard, rather than directly

recharging the Shallow Regional Aquifer, see Figure4.

Recharge to the Shallow Regional Aquifer creates elevated groundwater levels

beneath and east of the airport, and generates lateral groundwater flow toward

the adjacent drainages {Miller Creek, Des Moines Creek, and their tributaries).

Hart Crowser Page 6
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A portion of the groundwater recharge that enters the Shallow Regional Aquifer

- passes through that groundwater body and percolates deeper. Eventually this

seepage becomes part of the regional recharge to the Intermediate and Deep
Regional Aquifers that are located at depth. The Intermediate Regional Aquifer

and Deep Regional Aquifer, are not anticipated to be impacted by development

at Sea-Tac.Regional groundwater movement including relationship of the Third

Runway project to the Seattle Public Utility wells in the Intermediate Aquifer and

the Highline Water District Wells in the Deep Aquifer, is well-documented in the
Third Runway FEIS/FSEISand studies by others (Federal Aviation Administration,
1997; AGI Technologies, 1996; Hart Crowser, 1985).

GEOTECHNICAL DESIGN CONSIDERATIONS

Geotechnical designto avoid and/or mitigate constructionimpactsto wetlands
has been refined from the initial analysispresented in the FEIS,to include several

specific elements. These include the following:

• Use of retaining walls to reduce filling some wetlands and.limit creek
relocation;

• Use of soil zones to provide a stable embankment that can be constructed

- cost-effectively with the least impact possible to local groundwater recharge;

I_ Exploration and analysis of the local soils to design a stable foundation for
the embankment and retaining walls; and

I_ Design of the embankment to avoid or mitigate long-term, indirect impacts

to groundwater, adjacent wetlands, and Miller Creek.

Embankment Design Refinements Accomplished since the FSEIS

Subsequent to completion of the FSEIS(Federal Aviation Administration, 1997)

and in response to requests for information to support the Corps of Engineers'
404 Permit, the Port completed an extensive analysis of alternatives for

construction to avoid impacts to wetlands. A major component of this was

selection of embankment slope and retaining wall configurations to minimize
the extent of wetland impacts.

Geotechnical engineering aspects of the analysis of wall and slope alternatives

were subjected to peer review, conducted by the firm Shannon & Wilson, Inc.

Shannon & Wilson found the analysis to be both appropriate and consistent with

conventional engineering practices. Details of the analysis are presented in a

Hart Crowser Page 7
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1999 report by HNT8, Hart Crowser, and Parametrix, which includes the peer
review report as an attachment.

As part of evaluating alternatives to filling wetlands, Port operations staff

(security, fire and rescue, and maintenance) identified alternatives to reduce the

area of impact related to roads on and around the runway embankment This

included elimination of an intermediate accessroad along much of the
embankment, and revising the security road alignment and profile, to reduce the
extent of construction impacts to wetlands.

Another design refinement has focused on surface water and groundwater

drainage from the embankment After completion of construction, runoff from
the new embankment will be detained and otherwise managed to reduce storm
water impacts to Miller Creek (seeParametrix, 1999b). Designs to promote

storm water infiltration and maintenance of groundwater recharge are discussed

in this report.

Use of MSE Walls to Avoid Filling Key Wetlands and Creek Relocation

During the past two years,Port staff and consultants have completed
geotechnical, hydrologic and wetland studies, to identify alternatives and verify

that existing MSE(mechanically stabilized earth) technology can provide safe
and relatively cost-effective construction of retaining walls for soil conditions at
the site.

The Port of Seattle reviewed a large number of embankment slope and retaining
wall alternatives to avoid or reduce impacts to Miller Creek and adjacent

wetlands. MSE retaining walls were selected as the recommended alternative,
(HNTB, Hart Crowser, and Parametrix, 1999).

Where retaining wall height exceeds about 60 feet, MSEretaining walls will
typically be used in combination with narrow, relatively horizontal terraces and

conventional or reinforced 2H:IV embankment sections, to limit the area of
filled wetlands.

• At the north end of the embankment, MSEwalls will be used to limit the

impact to Miller Creek and the extent of filling Wetlands A-1 and 9;

• Near the middle of the west side of the embankment (approximately runway

stations 174+00 to 186+00), an MSEwall will be used to avoid filling a

significant part of Wetland 37a, and to avoid relocating part of Miller Creek;
and
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l_ Near the south end of the new runway, an MSEwall will be built to limit the

extent of filling Wetland 44a.

Specific design and construction considerations for the embankment and MSE
walls in these areas are discussed later in this report.

What are MSE Walls?

MSE is a method of constructing earth embankments using a combination of

compacted soil and reinforcing elements. MSEtechnology includes a range of
steel and polymer (plastic) products (mesh, strips, and grids) used to retain and

reinforce soil, and provides a number of advantages over other types of
retaining walls. The MSE technology improves soil strength through

incorporation of reinforcing strips or sheets (geogrids or geotextiles) within the

soil embankment during construction. There are a number of proprietary
products used for this purpose.

Some, but not all, MSEproducts include a means to secure a retaining wall
facing to the reinforced soil mass,permitting a range of embankment slopes up

to and including vertical walls. MSEwalls may be faced with wire mesh,

geotextile, or concrete facing elements. Concrete facings are typically used for
permanent installations of the type contemplated for the Third Runway, and may

consist of prefabricated concrete wall facing components installed during or
after construction, or cast-in-place/shotcrete facings applied after construction.

MSEwalls can be designed to accommodate a considerable range in site

drainage conditions. Typically the reinforced zone includes relatively non-silty,

free-draining soil, which would enhance infiltration near the face of the wall. The

reinforced zone would be hydraulically connected to the embankment

underdrain, to enable infiltration from above the wall to seep beyond the toe of

the wall. Also, MSEwalls do not require a structural concrete key below ground

for stability; thus unlike some other types of wall, MSEwalls do not impede
subsurface seepage.

MSEwalls are relatively economical to construct compared to other types of

retaining structures, particularly at heights in excess of about 25 feet. MSEwalls

have been successfully used 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 highly stable
under both static and seismic loads.

Figure 6 shows a schematic cross section of an MSE retaining wall.
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Geotechnical Design to Accommodate Site Conditions

Foundation Soil Conditions in Wetlands and Upland Slopes -

Native soils capable of providing a suitable foundation to support the
embankment have been observed at depths ranging from zero to around 20

feet below the existing ground surface across the site. Available information

indicates very little subgrade preparation will be needed across most of the site.
Wetland soils and soils in some other specific areas will need to be improved or

replaced to support parts of the fill and MSEwalls. This subgrade improvement
will be accomplished without reducing subsurface groundwater movement as
discussed below.

Existingsubgrade soils which are unsuitable to provide structural support for the
embankment (because they are soft, wet, or contain organic materials), will be

removed and replaced with compacted structural fill, or improved in situ (i.e.,

in-place or without removal), as discussed below. The unsuitable subgrade
material that is removed will be reused where possible in non-structural areas of
the embankment.

Following excavation of unsuitable soils,stable subgrade will be prepared by
either:

I, Placing structural fill that is free-draining and non-silty. The relatively high
permeability of this fill will not decrease the soil capacity to transmit

groundwater flow through these areas; or

I_ Making in situ improvements to existing subgrade soils, including "stone

columns," soil mixing, or similar technologies, as described later in this

report. These techniques increase subgrade strength with some

corresponding reduction in permeability in the immediate vicinity of
application.

Designswill address mitigation for the potential change in permeability where in

situ soil improvement is used. Mitigation would typically include thickening the
embankment underdrain layer (discussed below) or installation of "french

drains" through areas of soil improvement, to compensate for any reductions in
soil permeability within the zone of improvement.

Embankment Drainage 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
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drainage layer will be constructed of select non-silty material that is significantly
- more permeable than the typical fill soils used in the body of the embankment.

A minimum thickness of the drainage layer will be maintained throughout the

area covered, which may be locally increased within areas of subgrade

improvement, and filled wetlands, seeps, or springs.The embankment drainage

layer, referred to as an underdrain, is commonly used for earth dams and other
embankments.

The underdrain enables beneficial discharge of water that infiltrates into the
embankment from above or below, to be conveyed downgradient to discharge
into wetlands between the embankment and Miller Creek. The underdrain will:

• Prevent excess pore pressuresand associated stability problems;

• Prevent erosion where seepage is discharged near the toe of the

embankment; and

• Provide perennial seepage to recharge groundwater and wetlands beyond
the toe of the embankment.

The primary purpose of the underdrain is as a stability-enhancement measure to

prevent the build-up of pore water pressures within the soils at the base of the
embankment, and to prevent subsurface erosion, a condition known as "piping."

Piping can have serious consequences in constructed embankments if

inadequate consideration is given to the movement and discharge of seepage or

other groundwater within the embankmenL

The underdrain provides a controlled seepage path below the embankment.
Gradation of the drain layer is designed to prevent piping and clogging or

sedimentation within the drain. The hydraulic lag resulting from seepage through
the embankment and underdrain increases the relative amount of late-summer

recharge downgradient of the embankment, to mitigate indirect impacts on
wetlands and Miller Creek.

The underdrain will collect seepage, intercepting water that percolates down
from the surface of the new embankment, as well as collecting subsurface seeps

and springs that currently occur on the existing ground surface. Collecting this

water in the underdrain will allow it to be beneficially managed for the long-term

protection of downslope wetlands, and to maintain groundwater baseflows to
Miller Creek.

The completed underdrain will be separated from the surface of the airfield by
the full thickness of the embankment. In the event of a contaminant release
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(such as an airfield fuel spill), the long flow path through the new fill would

provide substantial opportunity to accomplish source control and remediation

before any contaminants could reach wetlands, Miller Creek, or the underlying
aquifers.

Characteristics of Proposed Embankment Fill Soils

The proposed embankment will be constructed with varying fill materials as
needed to satisfy specific design requirements in specific zones.

1. Type 1 Fill. About 40 percent (roughly 6.5 million cubic yards) of the
embankment would be constructed of relatively silt-free sand and gravel

soils, referred to as 'q'ype 1" fill.

2. Type 2 Fill. About 60 percent (roughly 10 million cubic yards) of the
embankment would be constructed of more or lesssilty sand (glacial till and

outwash soils).These 'q'ype 2" fill soils are similar in particle size gradation
but will be less densely compacted than the existing glacially overridden
soils below the embankment (resulting in the fill having corresponding

higher soil porosity compared to the native soils).

Relative proportions of these predominantsoil types may vary depending on

- final design and availability at the time of construction. The descriptions above

refer to general soil characteristics; construction contract documents will utilize

fill specifications that are more precise and may add variations to the types
shown to accommodate construction.

Within each of the two general fill types, there will be variations for specific

construction requirements.

• Typically the relatively silt-free Type 1 fill would be used below pavements,
the embankment underdrain, MSEwall reinforcement zones as wet weather

fill, and elsewhere asneeded to accommodate construction.

• . Generally the more silty Type 2 fill will be used to the maximum extent

possible, balancing relatively high availability (low cost) with limitations of
trying to compact such material in wet weather. (Typically as the silt content

of a soil increases, it becomes increasingly difficult to compact it to a

uniformly dense condition in wet weather.)
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_ Comparison of Nat/ve Soils to Embankment Fill Soils

Typical near-surface soils in the area to be filled are more or lesssilty (Hart

Crowser, 1999; AGI, 1999), and are generally similar in gradation to the Type 2

fill that will be predominantly used as embankment fill. While the Type I fill is

anticipated to have significantly better infiltration and seepage characteristics
compared to existing site soils, they will not have much influence on overall

infiltration into the embankment because of location (i.e., predominantly under

pavement, within the underdrain, and within specific zones. Where infiltration

seeps through both Type I andType 2 soils, it will seep relatively faster through
Type I and relatively slower through the Type 2 soils.

Type 2 fill compacted in the embankment will be less dense than existing

glacially overridden on site soils,but will probably be more dense than the

relatively looser near-surfacesoils (upper 5 to 10 feet). The embankment fill is
anticipated to store and transmit groundwater in a manner intermediate

between the existing loose to medium dense near-surfacesoils (upper 5 to 10
feet), and the deeper glacially overridden soils which dominate the site.

Generally the new embankment is expected to have infiltration characteristics

similar to the existing airfield.

Because of the similarity in gradation and contrast in density noted above, Type
2 fill will typically retain surface infiltration longer than existing native soils. The
embankment will therefore releasewater to Miller Creek and wetlands later into

the summer compared to native soils in the area to be filled.

Changes in the relative proportions of these two predominant soil types in the

embankment are unlikely to have a significant impact on drainage characteristics
of the embankment as a whole, because the arrangement of the fill zones within

the embankment will allow for interconnection and free drainage of the
relatively more permeable soils.

Fill Zones within the Embankment

The Third Runway embankment will be designed as a zoned embankment, with

different fill types and/or different compaction requirements used in specific

areas to accommodate strength, compressibility and drainage requirements, see
Figure 6. These zones include:

A-1. Pavement Subgrade. High-strength, low-compressibility granular soil used in

the upper few feet immediately below airfield pavements (Type 1).
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• A-2. Drainage Material. Free-drainingsoil used in the underdrain and in areas of
overexcavation to improve foundation support (Type 1).

B-1. Pavement Support Fill. Low-compressibility soil used below the pavement

subgrade zone A-1 (may be Type 1 or Type 2 fill).

B-2. MSE Reinforced Backfill. High strength granular soil used in the reinforced
zone behind retaining walls (Type 1). -

C-1. Common Embankment Fill. Moderate strengthcompacted soil (may be

Type I or Type 2 fill). -

C-2. Common Embankment Fill. Compacted soil used adjacent to slope faces.

This fill (which may beType I or Type 2) may be more select and/or have
somewhat higher compaction requirements compared to C-I, depending on
where it is used.

D. Non-structural Fill. Soil removed from foundation areas because it is

unsuitable for foundation support (Type 2).

Construction of a zoned embankment in this manner provides significant
- environmental benefits, including:

• Seasonal limitations on use of relatively silty soils in wet weather will reduce

erosion and sediment control problems;

• Use of relatively silty soils as "fair-weather fill" for common embankment
construction will increase the hydraulic log (late summer recharge volume)
compared to non-silty soils;

• Reduction in truck haulage for the embankment by enabling use of local

borrow materials and elimination of "export" haulage to dispose of
unsuitable subgrade soils; and

• Ability to construct an embankment underdrain which collects infiltration

and seepage, for controlled discharge to promote infiltration, and preserve
groundwater recharge to downgradient wetlands and Miller Creek.

Embankment and MSE Wall Stability Analyses

Engineering analyses of embankment slope stability were completed for a typical

embankment fill cross section (nominal 2H:IV), as well as for representative
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MSEwall crosssectionsin or adjacentto wetlandsfor both the northandwest
areas.Theseanalyseswere conductedto:

• Verify suitabilityof the proposedgeometryof embankmentslopesand

retainingwalls;

• Assessbasepreparationrequiredto avoid instability;and

• Assesssensitivityof embankmentfill parameters.

Theanalysesincorporatedspecificsubsurfaceinformation developedthrough
explorationsaccomplishedundera Nationwide 6 Permitfor drilling in wetlands
at the site.Soil conditions in theseareaaresummarizedin AppendixA basedon
datapresentedin Hart Crowser(1999).The stabilityanalysesconsideredvarious
combinationsof wall/slope geometryandsubsurfacesoil and groundwater
conditions.Crosssectionswere analyzedfor the Wetland 37 Wall (the retaining
wall which will be usedto reducefilling wetlandsand to avoid relocatinga
portion of Miller Creek),and wall-slopecombinationsfor the north end of the
embankment(in andadjacentto Wetlands9, FW6,and FW3)that will be used
to limit wetland fill.

Embankmentstabilitywasevaluatedusingcomputer analysesthat employ the
conventional limit equilibriummethodsdevelopedbyJanbu,and more rigorous
proceduresdevelopedby Spencer(Wright, 1991;Sharma,1994).Search
routineswere conducted usingthe Janbumethodof analysisto identify the most

plausiblepotential failuresurfacesfor the givencombination of slope/wall
geometryand subsurfaceconditions.The potentially criticalfailure surfaces
selectedby the computer programwere then reanalyzedusingSpencer's
methodto more accuratelydeterminethe factor of safety.

StabilityAnalysis Parameters

Soils.Table1 providesa summaryof theengineeringandstrengthparameters
usedinthe analysesfor the soilsin the projectarea.Strengthparametersfor
on-sitesoilswere developedusinglaboratorytestresultsdevelopedfor theThird
Runwayproject(Hart Crowser,1999;AGI, 1998) and throughpublished
correlationof field and laboratorytestresults(Hart Crowser,1998b and 1998c).

For theseanalyses,MSEwalls were assumedto include reinforcingelements
with lengthsequalto 80 percentof the wall height. Basestabilitywasanalyzed
for potential failuresurfacesbelow the reinforcedzone.
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Groundwater. Groundwater levels were modeled using an assumed

piezometric surface concurrent with the present ground surface and/or partial

saturation of the underdrain below the embankment soils and retaining wall

backfill. Sensitivity analyses were performed to measure the effect of raising the
water level within the underdrain. This is a conservative approach because it
assumesthat all the soils below the underdrain will be saturated and subject to

buoyant forces.

SeismicInput. Two types of seismicanalysiswere completed to verify both

overallstabilityof the embankment and to estimate anticipated deformation
under seismicloads.

The combined resultof the two types of stabilityanalysisshow the embankment

including the MSEretained wall sections, in and adjacent to the wetlands, can
be constructed to have comparable stabilityasfor other parts of the

embankment, and with the same low riskof catastrophicfailure, accepted for
other major transportation facilities.

Stability analysesused standard geotechnicalmethods that are widely accepted

for embankment design.Seismic(pseudostatic)stabilityanalyseswere

performed on the most critical failuresurfacesthat were found during searches
_ for minimum stat/cfactors of safety. The seismic analysisincorporated a

horizontal acceleration component into the computer model to account for the

effects of an earthquake. The acceleration term used in the preliminary analysis
is based on the peak ground acceleration (PGA) that would be expected in the

SeaTacarea during an earthquake with a 475-year return interval (10 percent

probability of exceedence in 50 years). This corresponds to a somewhat larger

seismic event than both the 1965 SeaTacearthquake (Richter magnitude 6.5)
and the 1949 Olympia earthquake (Richter magnitude 7.1).

Additional seismic analysis of the Wetland 37 Wall was accomplished to

estimate the magnitude of potential embankment movements, using the
Newmark procedure (Kramer, 1996). Thisanalysisused a much larger seismic
event, corresponding to the maximum probable earthquake with a nominal

return period of 3,000 years, a so-called "great earthquake." The Newmark

analysiscalculates deformation of the reinforced soil mass as a sliding block.

Sensitivity. The sensitivity of the stability analyseswas checked by varying the
following:

• Shape of failure surface;

• Depth of failure surface;

__ • Length of reinforcement in vertical walls;
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• Soil strength;
• Groundwater level;

• Backfill and base preparation strengths;

• Backfill unit weight;
• Limit equilibrium analysis method; and

• Analysis tools (i.e., different software programs and analytical methods).

Results of Stability Analyses

Staticfactors of safety rangedfrom 1.2 to 2.0, and pseudostatic seismic factors

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,based on

conventional geotechnical designfor comparable embankments.

The target factors of safety were obtained for the Wetland 37 Wall, but not for

some areas of existingsoilsundersome of the wall/slope combinations analyzed
for the north end of the embankment. These resultsdemonstrate the need to,

and provide some of the basisfor, designingsubgrade improvements to the
native soilsin these areas.

Failure to obtain the target factors of safety in the north area resulted from

insufficientexistingstrengthin the medium stiffsilt and clay below part of the

proposed embankment, particularlyunder seismicloading. Subsequent analyses
to show improved stability can resultfrom improvingsubgrade strength during

construction after overexcavatingthe unsuitablesoilsand replacement with

compacted soil fill (possiblyMSE reinforced)or in situ soil improvement.

The resultsare referred to as"proof of concept" because they demonstrate

satisfactorystability will resultfrom conventional constructionprocedures. Final
designof the subgrade improvements will be based on further analyses

accomplishedfollowing additionalsubsurfaceexplorations. In situ

measurements accomplished by cone penetrometer, test pits, and test trenches

in the wetlands (which are not covered under the existingNationwide 6 Permit

program) will provide the specific input for design of subgrade improvements in
the wetlands.

Results of the initial Newmark deformation analysis indicated that movement of

the maximum height MSE retained fill, the Wetland 37 Wall, will be less than

about 10 feet during a maximum probable earthquake. This analysis indicates

that MSEreinforced fills designed for the site would have acceptable

deformations during the maximum credible seismic event. Much smaller

deformations would result from 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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_ compared to this "great earthquake." More detailed strain analysesto complete
design of the MSEreinforced zone will be accomplished using finite difference
methods.

Post-Construction Infiltration and Baseflow to Miller Creek

Hart Crowser analyzed post-construction effects of the Third Runway
embankment on the Miller Creek drainage. These include the effect of
infiltration into the new embankment that becomes groundwater recharge, and

the effect of the new embankment on groundwater that infiltrates below the

existing airfield and dischargesto wetlands and Miller Creek west of the airfield.
While the relative amount of runoff will increase in new paved areas and

embankment slopes, infiltration is anticipated to increase over about 80 acres of

relatively flat grassed areas that 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:

• Infiltration into the top surface of the new embankment;

• Infiltration into the side slopes of the new embankment;

• Management of runoff from the side slopes;
• Maintenance of existing shallow interfiow below the embankment; and

• Flow from the Shallow Regional Aquifer into Miller Creek.

These are discussed below individually. Appendix B provides additional detail on
water balance calculations before and after construction.

Infiltration into the Top Surfaceof the New Embankment. Infiltration into the

unpaved portion of the new embankment top surface exceeds existing on-site
infiltration in the same area for the following reasons:

• Large area (about 80 acres) of relatively flat grassed land between runway

and taxiway pavements permits greater infiltration compared to pre-

construction sloping ground in the same areas;

• Post-construction grassed area between pavements will have less
evapotranspiration (ET)compared to forest vegetation on the pre-

construction slopes; and

• Soil conditions within the embankment will promote infiltration in some

areas and overall have better averagegroundwater transmission rates
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compared with the underlying native soils (glacialtill, glacially overridden
silty advance sand,and hard siltunits).

The largeembankment thickness (up to 165 feet) provides significantbuffering
of storm water infiltration, increasingthe availablegroundwater rechargeand

short-term storagebefore seepage eventually reachesMiller Creek or
downslope wetlands.

Seasonal infiltration into the embankment soilmasswill fill near-surfacesoilpore

space until the soil reachesa condition referredto by soilscientistsas"field
capacity." Fieldcapacity is the threshold moisturecontent 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 seepagefrom the underdrain downgradient

of the embankment is designedto mitigate this reduced deep percolation
(adjacent to, rather than below, the embankment).

Infiltration into the Side Slopes of the New Embankment. Infiltration into the

new embankment sideslopes (nominal 2 horizontal to 1 vertical) is anticipated
to be slightlylessthan existing infiltration over the "foot print" area of the side

slopes(38 percent of rainfallpost-construction,versus 50 percent for pro-
construction infiltration).The reduction ismainly the resultof the increased

slope causingincreasedrunoff. The potential for increasedrunoff is mitigated by
improved infiltration capacity of the embankment fill relative to the existing

glaciallyoverridden soils,reduced evapotranspiration, and increasedstorage of
water within the fill.

Infiltration into the new embankment sideslopeswill percolate downward until

it is alsointercepted by the underdraindiscussedabove. Bencheson the slope

face alsomitigate the runoff and provide more opportunity for infiltration. This
seepage will be increasedslightlyby additional infiltrationalong storm water

swaleswhich collect runoff from the embankment slopes.

Maintenance of Existing Shallow Interfiow below the Embankment. In addition

to intercepting seepage infiltration from the top of the embankment, the

embankment underdrain alsoprovides a means for existingseepage in the filled
area to continue to flow downgradient to the west.

The existing ground surface below the embankment will largely be left

undisturbedprior to fill placement, asdiscussedlater in thisreport. Shallow
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interflowseeps, expressedwhere perching layersoutcropon the slope,will
- continue to dischargeinto the underdrain, or will continue to flow downslope

below the underdrain.

Areas of softsoils that need to be removed to provide embankment foundation

support will be backfilledwith free-drainingsandand gravel hydraulically
connected to the underdrain.In this way existingseepageinto wetlands that are

filledwill continue to be availableasseepage through the underdrain.Thiswater

will flow downgradient to the west, and eventuallyreach downslopewetlands
and Miller Creek.

Flow from the ShallowRegional Aquifer into Miller Creek. A geotechnical

analysiswas used to assesswhether the weight of the embankment would

significantly reduce the amount of existing baseflow from the Shallow Regional
Aquifer to Miller Creek (Hart Crowser, 1998a).

Experiencewith earth dams shows seepageunder anembankment is typically

not reduced by the weight of the fill, and grout curtains or sheet pile cutoffs are
typically constructedwhere control of seepage is necessary below

embankments (Terzaghi & Peck, 1967). None the less,Hart Crowser calculated
the effect of the embankment on seepage below the new fill.

These calculations indicate that volume of soil pore space, expressed as the void

ratio (volume of voids relative to volume of solids)within the Shallow,
Intermediate, and Deep Aquifers within the area immediately underlying and

adjacent to the embankment would be reduced by 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 thickness for the 50-foot-thick Shallow

Aquifer. The magnitude of the change in void ratio would diminish rapidly both
laterally and as 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.

Reductions in permeability on the order of 2 to 5 percent corresponding to the

change in void ratio are estimated immediately below the embankment, with the

effects decreasing with depth. The estimated 2 to 5 percent change is

insignificant, given that differences in permeability are usually evaluated in terms

of orders of magnitude (powers of 10).

Effects of the magnitude estimated could conceivably produce a slight

groundwater mounding in the Shallow Regional Aquifer on the upgradient side

of the embankment (i.e., below the existing airport), but this would probably not
be measurable. Baseflow to Miller Creek located west of the embankment is not
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likely to be impacted, sincethe effect of the mounding would be to locally
increase the groundwater flow gradient resulting in no net lossof baseflow.

No impacts are anticipated to ddnking water resources in the Intermediate and

Deep Aquifers. The effect of the embankment weight diminishes with increasin 8
depth and distance from the fill. There are no wells within the affected area

(maximum about 500 feet from the edge of the embankment).
i-

GEOTECHNICAL OVERVIEW OF PROPOSED CONSTRUCTION

Thissectionof the report discussesthe generalsequence of constructionfrom a

8eotechnicalperspective,focused on avoidanceor mitigation of sediment-
loading impacts to Miller Creek and Wetlands. Eachof the areasoutlined below

should be addressed in the construction plans and specifications, but may need
to be modified as additional information is obtained.

Installation of TESC

Temporary erosionand sedimentcontrols (TESCs)will be installedprior to any

other land disturbancefor construction.TESCwill be installedupgradient of
Miller Creek and the undisturbedportions of wetlands.

All constructionand related activitiessuchas accessand staging,will be
accomplishedin specificareaswith appropriateTESCmeasures.

TESCmeasureswill be designed prior to construction. Installation and

maintenance will be specified as part of construction contract documents. TESC

measures will conform to the Port's NPDESpermit, including best management
practices (BMPs), (Parametrix, 1999a).

Temporary Construction Access Road to Maintain TESC

Temporary constructionaccessroadswill be installedalong the perimeter of
disturbed areas to enable regular inspection and maintenance of TESCfacilities.

Wood chip mulch (tub grindings) from other site clearing can be used seasonally

to limit generation of dust and improve roadbed trafficability along such roads in
wet conditions.

After completion of construction and permanent erosion controls, temporary

construction roads not needed for permanent airport operations would be

removed from wetland and stream buffer areas. Restoration of temporary road
areaswould include:
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• Removing any rock flUor quarry spalls;

• Grading to permanent slopes designed for erosion control;

• Ripping or plowing to loosen surficial soils compacted by traffic; and

• Revegetating with appropriate plant m_iterials (identified in the Natural

Resource Mitigation Plan; Parametrix, 1999b).

Clearing---Topsoil Removal Limited to Specific Areas

Prior to placement of anyembankment fill, the sitewill be cleared, including
close-cuttingall vegetationto within a few inchesof the ground surface and
removal of existingstructures.

Specified siteclearingshallbe limitedwithin the constructionarea to reduce
potential erosionand sedimentation.

Topsoilswill not be strippedwithin mostof the constructionarea.

• Basedon experiencewith fill constructionin 1998, the Port does not plan to

strip topsoilor grub(remove) root masseswithin most of the area to be
filled;and

• Stabilityanalysesand the 1998 fill experience indicate the effect of surficial

topsoilon stabilityof the fill is limitedto 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 50 feet wide alongthe toe of the embankment.

Limitingthe extent of grubbing and topsoilstrippingin thismanner will
significantlyreduce potential for erosion to occur in the period between clearing

and fillplacement.

Existingstructureswill be removed down to the foundation level, alongwith
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 areas of soft, loose, or otherwise
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unsuitable foundation soils.Theseareaswill be compacted in place, or
otherwise improved asdiscussedlater.

During subgrade preparation,visibleseepage may be collected in gravel and

perforated pipe "french drains"for conveyance and reinfiltration outside the
immediate constructionarea.Thismay be done for instanceto avoid mixing

clean groundwaterwith potentially more turbid storm water, or to improve
drainage/reduce mud in work areas.

Limited Construction Dewatedng

Temporary constructiondewateringmay be accomplishedin limited areas so

that structuralfill can be compacted below grade in areaswhere existing soils
need to be replaced,or to enable cons_uctionof subgradedrainage.

Shallowexcavationsin stablesoilswould typically be excavatedwith internal

sumpsto remove any accumulatedseepage or precipitation.Construction

dewatering to depthsof around 10 to 1S feet would typicallybe accomplished

with well pointsaround the perimeter of the area to be dewatered. Dewatering
to the maximum anticipateddepth of soilremoval or improvement, on the order

of up to about 20 feet, would probably be accomplishedwith staged well point

systems.

Dischargefrom individualwell points or sump pumpswould be dischargedina
controlledmanner.

• Pumping from open sumpsandinitialdischargeof well developmentwater,

which may be somewhatsilty,would be pumped to the TESCsediment
ponds for treatment as needed prior to dischargeto Miller Creek; and

• During operation, clean water from the wells would be discharged through

land applicationadjacent to Miller Creek. Typically this involveslow velocity

discharge through perforated pipe laid along the ground surface in grassed
or forested uplandsadjacent to the creek buffer.

Well points rather than pumped well systemsare anticipated to be used.

Pumped well systems,which causegroundwater drawdown over extensive
areas,are not anticipated to be used because:

• Dewatering isneeded only in limited areasand depths;

• The soilsthat need to be dewatered are relatively siltyor include stratified
zones of relativelysilty and non-siltysoils;and
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• Dewatering will be of short duration (a few weeks in each location)

Temporary construction dewatering systemswould be designed to avoid

adverse impacts to Miller Creek and Walker Creek. Lateral extent of drawdown

adjacent to dewatered areas likely will be very limited (on the order of tens of

feet) due to the typically silty nature of soils to be dewatered. Where more

extensive impacts may occur (i.e., based on possible findings of future
explorations), construction can incorporate reinjection wells and/or temporary

use of sheet pile cutoffs to control the area of drawdown.

Ratesof dewatering will depend on the sequence of construction, excavation

geometry, and specific local soil conditions. Relatively low flow rates for

dewatering are anticipated based on resultsof slugtests and an attempted
pumping test (Hart Crowser, 1999). Total magnitude of dischargein any area

will depend on the size of the dewatered zone (to be determined during final

design of subgrade improvements).

Local Overexcavation and Removal of Unsuitable Soils

Existingsoils in the area below the Wetland 37 Wall, below portions of the

embankment, and below portions of walls in the North Safety Area, are
unsuitable to support load of the new fill and/or retaining walls. Engineering

measures to improve subgrade support during construction, will typically consist
of local overexcavation and removal of unsuitable soils.

Typically, soils are unsuitable foundation material because they have one or

more of the following characteristics:

• Excessiveamounts of organic material (peat);

• Relatively compressible or low strength (medium stiff) silt or clay; and/or

• Loose to medium dense relatively non-silty sands which may be subject to
liquefaction.

Typically depth of such overexcavation is anticipated to be on the order of

about 15 feet or less, based on wetland exploratory borings accomplished under

_ the Nationwide 6 Permit Specification of the final extent and depth of

overexcavation to remove unsuitable soils will require additional explorations,

which will need to include test trenches and test pits, to be completed after
construction access is permitted in the wetland areas to be filled.
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Overexcavation would typically be accomplished with open cut slopes

averaging 2H:IV or flatter. Temporary sheet pile would be used as needed to

limit the extent of disturbance in wetlands along the edge of the embankment

fill, such as Wetlands 44a, 41a, 11, 37a, A6, and A1 (see Figure 8).

Where unsuitable soils are removed, they will be replaced with compacted free-

draining granular fill (Type 1). This structural fill may be MSE reinforced as

needed for stability. The MSE reinforcement will not impede infiltration, thus
new subgrade fill in wetland areaswill typically have better infiltration
characteristics relative to existing (relatively silty) wetland soils.

The free-draining structural fill in overexcavated areas would be hydraulically
connected to the embankment underdrain to promote infiltration and permit

dissipation of accumulated seepage (see Figures8 and 9).

I_ For filled areas below the main embankment, the hydraulic connection with
the underdrain enables any natural seepageinto the overexcavated area to

be conveyed to the edge of the embankment with no adverse impact on
stability. Beyond the edge of the embankment, thisseepage is available as

rechargeto downgradient wetlands

• For wetlands along the edge of the embankment, the hydraulic connection
with the underdrain enables infiltration (recharge) of seepagefrom below

the embankment to the remaining wetland.

Local in situ Improvementof UnsuitableSoils

In situsoil improvement may be used where depth of unsuitable soils or other

circumstances makes overexcavation and replacement infeasible. Alternative

approaches, such as stone columns, soil mixing, jet grouting, etc. may be used

along with appropriate seepage mitigation to improve shear strength and reduce

compressibility of existing soils below the MSE reinforced zones behind

retaining walls.

Earthwork details will be developed as needed for subgrade improvement areas
to preserve transmission of seepage beyond the embankment. There are a

number of proprietary techniques to accomplish foundation improvement. As
an example, stone columns are created by placement of compacted gravel

zones in the existing soil through vibratory densification, see Figure 10.

Selection of specific construction method(s) for soil improvement will be

completed prior 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 embankmentfillwill consistof free-drainingsandand gravel to

form the embankmentunderdrain.The underdrainwill rangefrom 2 to 4 feet

thick depending on the overlyingfill, and locallythe thicknesswould be
increasedto includefill in overexcavatedareas.

In additionto assuringgood subsurface drainage for the embanl<mentfill that is

subsequentJyplaced, the underdrainwill provide an initialworking surface that
can be sloped to reducesubsequentrunoff and erosion.

The underdrainmaterialwould be placed in liftsand denselycompacted.

Typically it would be constructedworking up from the lowest part of a given fill

area and in from the edges of the fill. Graded granularfilters,a combination of

filterfabric and soil,and/or rock riprapwould be usedto prevent erosion in
areasof active seepage,such asalongthe drainageswale at the downgradient

edge of the underdrain,seeFigure8.

MSE Retaining Wall Construction

Constructionof the/vISE retainingwallswould be accomplishedby constructing
an initialstrip footingalong the alignmentof the wall facing,and then placing the

reinforcedbackfillbehind the wall in lifts,working upward, in some areas,the
wall(s)would be constructedon top of denselycompacted fill ratherthan

directlyon the subgracle.

Typicallythe foundation for the wall elements consistsof a stripof below-grade
MSEreinforcedsoil,and a compacted gravel pad or concretestripfootin_

Placementof the reinforcinganclbackfill soilis accomplishedfrom behind the

wall.Temporary road accessalongthe face of the wall may be provided to
installa final wall facing,such aspre-castconcrete panels.Other than this

temporary road and requiredTEbCfacilities,constructionof the walls would not
need to intrudeinto the wetlandsin front of the wall.

During construction,the top of the fillwould be sloped gentlydownward
behindand away from the face of the wall (about 2 percent) to facilitatestorm

water runoffaway from the wetlands,and to help control alignmentof the wall
facing.Runof6would be collected in temporary swaleson the back of the fill

(away from the wetlands) and conveyed to sediment ponds in the same manner

as wassuccessfullyusedduring the 1998 embankment construction.
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Placement and Compaction of Embankment Fill

Earthfill for the Third Runway embankment would be placed in layers and

compacted. Soil would be moisture-conditioned as needed to improve

compaction. Typically the conditioning could include:

• Spreading and aeration by disking to reduce soil moisture;

• Light sprinkling to increase soil moisture; or ....

l_ Use of soil blending or use of a more select soil, in wet weather.

During construction, the top of the fill would be sloped gently (about 2 percent)
to the east, away from the face of the wall to direct storm water runoff away
from the wetlands. Runoff would be collected in temporary swales on the back

of the fill (away from the wetlands) and conveyed 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

protection would be installed.Typically this would include planting vegetation
on the embankment slopes and monitoring to assureit becomes well-
established and self-sustaining(Parametrix, 1999a).

The Port has had good successwith hydroseeding to provide temporary erosion

protection on the 1998 fill This experience demonstrates:

• Hydroseeding is a viable means of controlling erosion in the winter

immediately following fill placement; and

• The resultant cover can be relied on until permanent vegetation is

established and/or completion of other construction phases.

MITIGATION OF POST-CONSTRUCTION HYDROGEOLOGIC IMPACTS

Management of Storm Water Runoff

Storm water runoff from the embankment will be collected and handled as

discussed by Parametrix (1999a and 1999c).
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Storm water runoff from the sloping face of the embankment will be collected in

a permanent swale alongside the security road (see Figure 9) and conducted to
detention facilities below the toe of the slope.

The swales provide some opportunity for infiltration. These swales will be rock-
lined where necessary or otherwise protected against erosion along the toe of

/vISEwalls, see Figure 8. Infiltration in this area will recharge to the Shallow
Regional Aquifer and contribute to groundwater.discharge to wetlands and
/Miller Creek.

Discharge of Seepage from the Embankment Underdrain

/Mostseepagecollectedfrom the embankmentvia the underdrainwill discharge
to a collectionswale at the toe of the slopeor below the toe of the/VISEwall,

the remainder will infiltratedirectly into the ShallowRegionalAquifer under the

embankment footprint. Seepage into the swale islikely to occurdiscontinuously

alongthe length of the embankment, with flow concentratingat topographic

low spotsor in areaswhere there are pre-existingseeps.

The purposeof the swale isto collectseepagefrom the underdrainand conduct

it laterallyalong the toe of the embankmentfor surface dischargeto wetlands.
Additional infiltrationto rechargeshallowinterflowand the ShallowRegional

Aquifer,will occur alongthe swale.

Facilitiesto enhance infiltrationcan be constructed at specificlocationsto

augment water suppliesfor existingwetlandsthat are left undisturbedbeyond

the area of impactfor the project. Facilitieswill be designed to infiltratewater
from the drainage layer into the shallowsubsurfacesoilsthat form the delineated
wetlands.Thesecan include:

• Locally increasing the swale width to reduce velocity and provide increased
infiltration area;

• Overexcavating the side of the swaleand replacing the existingsoilwith a

sandy gravel berm to promote sidewall seepage;

• Overexcavating l:hebottom of the swale to provide small check dams to
hold water for continued infiltration in low flow times; and/or

I, Construction of lateral gravel-filled finger-trenches
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Post.Construction Baseflow to Miller Creek and Riparian Wetlands

The embankment underdrainplaysa key role in collectingpercolatingwater that

has infiltrated into the surface and facing slopesof the embankment.The

underdraininterceptspercolationand enablessomecontrol of groundwater
rechargefor the ShallowRegionalAquifer beneath the embankment:

I_ All of the water in the underdrainis availableas direct recharge,by vertical

seepageinto the underlyingsoil; and

I, Water which infiltratesthrough the embankment at a rate fasterthan it can
infiltrateinto the _ative soilwill seep laterallydowngradientwithin the

underdrain,to swaleswhich convey it to wetlandsbeyond the embankment.

By collectingand re-infiltratingseepage from the underdrainas described above,
the impactof runway constructionon baseflow to Miller Creek will be

substantiallymitigated.

Typical MSE Waft Section

Impacts to rechargein the vicinityof the Wetland 37 Wall between Station
175+00 and 185+00 are summarizedin Appendix B.The water-balancemodel

is based on average conditions and 40 inchesof annualrainfall.The variationof

pre-projectand mitigated post-constructionrechargeto groundwater during an

averageyear is depicted on Figure11.

In thisanalysis,the impact of infiltrationto baseflow isproportional to monthly

rainfall,with the major impactsoccurringin the winter months.The
embankment will provide increasedstorage and a correspondingdelay in

dischargeof infiltration, causedby groundwater travel time through the
embankment subsurface.The effect of these factors is to delay the groundwater

rechargeby one or two months,providing higherflow than at presentin the
early summermonths.

Typical 2:1 Embankment Section

Impacts to recharge along the main embankment between Station 185+00 and
215+00 are summarized in Appendix B.The variation of pre-project, impacted,

and mitigated baseflows through an average year is depicted on Figure 12.
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PREPARATION OF THIS REPORT

Thisreporthasbeenpreparedfortheexclusiveuseof HNTBCorporationand
the Portof Seattlefor specificapplicationto the siteandprojectdiscussed
herein.Hart Crowser,inc.,accomplishedthisworkingeneralaccordancewith
ourproposaldatedJanuary2811999.We completedthisworkinaccordance
withconventionallyacceptedgeotechnicalengineeringpracticesfor the nature
andconditionsofworkcompletedin the sameor similarlocalitiesat the time
the work wasaccomplished.We makeno otherwarranties,expressorimplied.

We appreciatethe opportunityto assistyou on thisproject.Pleasecallifyou
haveany questions....

Sincerely,

HART CROWSER, INC.

i

I 9/17/.9 t

MICHAELJ. BAILEY,P.E. MICHAELA.P. KENRICK,P.E.
PrincipalEngineer Sr.Assoc.Hydrogeologist
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Table 1 - Soil Parameters Used for Stability Analysis

Moist Unit Weight Cohesion Friction Angle

SoilDescription in pcf in psf in De_rees

Fill - Select Runway Fill 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 125 0 39

Sand- Drainage Layer .140 0 40
Sand -Medium Dense to Dense 120 0 35 to 37

Sand - Recessional Outwash 120 0 35

Silt- Hard, Sandy 120 4000 0
Silt - Medium Stiff 120 400 20 to 24

Topsoil 90 0 23
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Vicinity Map

,SeeFigure 3
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APPENDIX A
_ SUBSURFACE CONDITIONS IN SELECTED

REPRESENTATIVE WETLAND AREAS

This appendix summarizesgeotechnical soilconditionsencountered in

exploratory boringsaccomplished within representative wetland areas. Boring

logs and test results, along with additional information are presented in Hart
Crowser (1999). The selected wetlands were identified as being representative

based on review of existing information, or assignificant based on anticipated
location of MSEwalls to retain the fill. Available information indicates other

wetlands to be filled are likely to have similar geotechnical characteristics.

North Safety Area (Combination of Slopes and Walls)

Near-surfacesoils in the vicinity of the north end of the embankment including

Wetlands g, FW6 and FW3, generally consist of:

• Loose to medium dense, moist, silty, gravelly sand;

• Sand with occasional gravel and occasional thin layers of silt;

• Occasional peat and soft, organic silt; and
• Medium stiff to hard, sandy silt.

These soils are predominantly recessional outwash deposits which comprise the

majority of surficial materials in the embankment footprint (AGI, 1996). Some
recent alluvium is also present. The recessional outwash soils and alluvium

combined are typically less than about 10 to 20 feet in thickness, and overlie

dense to very dense glacial till and advance outwash deposits.

Soils at the north end of the embankment are relatively variable in gradation

compared to soil conditions under most of the embankment footprint. Soil

conditions affecting embankment design include the following significant units:

• In the area upslope of Wetland 9, the near-surfacesoilsconsist of medium

stiff to very stiff, sandy silt, underlain by a laterally consistent layer of medium

stiff to hard, moist to wet, fine sandy silt. Laboratory testing indicates this soil

has low plasticity, low cohesion, and potential to consolidate (gain strength)
under the embankment load. This fine sandy silt is anticipated to be

relatively well-drained due to the presence of thin layersof silty fine sand

which are wet and relatively more permeable than the fine sandy silt.

• An area of very soft to soft peat and organic silt was encountered in

Wetland FW6, in the northwest area of the embankment, during
. explorations for the 154th Avenue relocation alignment study (CivilTech,
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1997). HC99-B36, which is slightly upslope of the soft peat soils,

encountered 8 feet of loose, very silty sand over stiff to hard silt. The soft,

moist to wet, peat and silt soils vary from a single layer generally less than 15
to 20 feet in thickness, to peat interbedded with loose to medium dense silty
sand or stiff silt.

West Side of Embankment

Wetland 37 Wall

Surficialsoils were evaluated on the west side of the embankment within and

adjacent to Wetland 37a as part of evaluating retaining wall and slope

alternatives (to avoid relocating Miller Creek and reduce the filling of wetlands)
in this area.

Near-surface soilswithin the topographically low-lying areas generally consist of

inteflayered:

• Loose to medium dense, moist to wet, silty to very silty, fine sand, which is

occasionally slightly gravelly;

• Soft to stiff,moist peat and organic silt; and

• Soft to stiff, moist, sandy silt.

Dense to very dense glacial till soils are generally encountered at 5 to 17 feet in
depth (i.e., below the loose or soft soils identified above). Typically the thicker

deposits of soft and loose materials appear to be in the topographic lower

portions of the wetland. As the ground surface topography rises, the surficial
soils transition from the recently deposited peat, silt,and fine sand into medium

dense, moist, silty, slightly gravelly to gravelly sand, identified as recessional

outwash soils. The depth to glacial till in the upland areas typically appears to be
5 to 10 feet, somewhat less than in the low lying areas.

Wetland 44a Wall

A third area where construction impacts to wetlands can be significantly

reduced by retaining wall construction is Wetland 44a. Subsurface explorations

have not been completed to date within Wetland 44a, because of property

accessconstraints and because drill-rig access is likely to require cutting and

filling within 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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-' subsurface conditions will likely be similar to those discussed above for Wetland
37a.

Upslope of the ravine, exploration boringsAT97-B53, AT97-B59, and tkT97-B60

have been accomplishedon South 176th and South 174th Streets. These

explorations indicate that very dense,glaciallyoverridden soilsare close to the
surfacearound the upslopeperimeter of Wetland 44a. Surficialsoilsgenerally
consistof about 5 to 10 feet of medium dense,siltysandwith occasional gravel

over very dense,silty sandto slightly gravelly,silty sand.

BoringAT97-B60, which is located further southand west of the anticipated wall
area, encountered 9 feet of very dense,silty sand with cobbles, over very dense

sandwith occasional gravel.

Visual reconnaissancesuggeststhat the topographically lower portions of the

ravine likely include loose to medium dense siltysand (colluvium) and possibly
soft to medium stiff siltand/or peal

Test pit and trench explorations, along with fill construction to enable access for

cone penetrometer explorations, will be completed for final design, after

completion of 404 Permit process.

497806/404Geotech(rpt).doc
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APPENDIX B
WATER BALANCE MODEL

Model Objective

The objective of the water balance modeling conducted to supportthe

geotechnical re-evaluation of wetland impacts is to examine changes in
hydrologic flows (runoff, interflow, groundwater flow, and baseflow) that will
occur as a result of embankment construction. The analysis is designed to

include the effects of internal drainage facilities constructed within the proposed

embankment, and to evaluate the ways for redistribution of flows generated

from this drainage layer, to mitigate potential impacts to wetlands and baseflow.

Previous Work

Previousanalysesof baseflow changes resultingfrom constructionof the Third

Runway and associatedproject components have considered overallchanges in

land useoccurring within individualsurfacecatchments or sub-basinsthat
contributeflow to Miller Creek or Des Moines Creek, and their tributaries.The

latestapproach (Parametrix, 1999c) includesboth HSP-Fmodeling of the
catchments,and a water-budgetanalysisbased on the rainfall-runoff-

evapotranspiration-recharge characteristicsof different soil types involved.

The resultsof the HSP-Fcatchment modeling by Parametrix show relatively small

changesin groundwater rechargeand consequently in baseflow, predicated on

the observation that airport fill behaves hydrologically in a manner similar to

outwash soils,rather than glacialtillsoils. Outwash soilsare typically more

permeable, allowing more infiltration and lessrunoff than glacial till soils.In this
way, it is shown that Masterplan Project construction will in general allow some

increasein potential groundwater rechargein areas that are not covered by

impervious surfaces.However, the overall increase in impervious surfaces as a

result of project development more than compensates for the increased
groundwater recharge, resulting in the predicted small reductions to baseflow

overall (see Parametrix 1999c, page 4-16).

Re-Evaluation Issues

One embankment designfactor not considered in the previousbaseflow

analysesis the hydrologic effect of the internaldrainage layer that is required to

ensure embankment stability. The drainage layer will typically be placed as a

blanket over the existing ground surface at the base of the fill soils.The primary
function of the drainage layer is to control the build-up of pore water pressures
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wi_in the embankment by providing a preferential drainage path for any pore

water draining downward through the embankment.

The primary source of pore water in the embankment will be percolation of
excess moisture from the upper soil layers following the infiltration of rainfall. In

the earlier analyses of baseflow, it is assumed that such deep percolation will

rechargethe shallow groundwater beneath the embankment, and then

dischargeto the neighboringcreeks as basefiow.

A portion of the groundwater rechargethat enters the ShallowRegional Aquifer

passesthrough that groundwater body and percolatesdeeper through the
underlying aquitards.Most of this deep groundwater flow is removed from the

shallow groundwater system that provides baseflow to local drainagesincluding
Miller Creek and Des Moines Creek.

• A portion of this deeper groundwater rechargereturnsto the Shallow

Aquifer along valley areaswhere there is an upward groundwater gradient

from depth.

• The remainder rechargesthe intermediate and deep regional aquifersthat

are located at depth within the Puget Sound sediments.

In the current design concept for the embankment, a substantial proportion of

the infiltration will be intercepted by the drainage layer, and conducted laterally

to recharge wetlands beyond the toe of the new embankment.

The analysis presented here is intended to compliment the work of Parametrix. It

uses the same parameters as their water-budget analysis (Parametrix, 1999c;

Appendix D) to quantify groundwater recharge before and after embankment
construction, and to predict drainage-layer outflow. The management and

reapplication of the drainage-layer outflow is then examined to maintain
groundwater recharge and provide additional water to supplement water
sources for off-site wetlands.

Model Concept

The concept used to examine the effect of the drainage layer is a water-balance
model that considers inflows and outflows occurring within a representative

vertical-slicethrough the 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).
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Each embankment profile is divided into a series of blocks that allows the

components of the water balance to be traced through the profile (see Figures

B-1 and B-2).

Pre-Construction Conditions

The water balance model is iniUally setup to represent existing hydrologic
conditions at the location of the typical embankment profiles. Existing land

surface profiles and soil types are assigned to each block, and values are
ascribed for evapotranspiration, runoff, interflow, and deep percolation that

becomes groundwater recharge, using the runoff responses developed by

Parametrix (Table 3-1 in Appendix D of Parametrix 1999c). Resulting hydrologic
flows are accumulated for each block, and passed to the adjacent downgradient

block as appropriate. Groundwater flow within and between each block is

modeled using analytical equations for one-dimensional groundwater flow.

Notes and Assumptions:

1. Surface runoff from the existing airportarea (Block 1) and from new
embankment construction is diverted away to separate storm water

management facilities;

2. Interflow in Block 1 likely contributes to groundwater flow toward the west.

The model preserves interflow as a separate component that ultimately
enters Miller Creek, or is intercepted by the drainage layer.

3. The apportionment of precipitation into its component parts focuses on

shallow "active" groundwater that discharges to local streams; the analysis

takes account of deep basin recharge,which replenishes lower aquifers and

ultimately discharges to Puget Sound.

4. Some of the groundwater rechargewill be retained as storage during winter

months when the water table is rising; this water is released from storage
during the summer when water levels are falling.

5. Wetlands represented in Block 4 may be sustained by one or a combination

of precipitation, runoff, interflow, and groundwater discharge.

The existing water balance is calculated as an average for the year, and on a
month-by-month basis, using average annual and monthly precipitation data.
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_ Post.Construction Conditions

The water balance model is adjusted to represent post-construction conditions
in which the embankment has been constructed on part of the original profile

(see Figure B-I (b)). In the model, the embankment is represented as an

additional sub-block consisting of airport fill, placed above the existing land
surface. Precipitation on the airport fill is split into evapotranspiration, runoff,

interflow, and percolation. Approximately 90 percent of the percolation enters

the drainage layer and is removed as drainage outflow. Approximately I 0

percent of the deep percolation through the new embankment fill is assumed to

passthrough the drainage layer and into the underlying groundwater system,
based on the contrast in hydraulic conductivity between the drainage layer and

the underlying soil.

Pre-construction interflow in the soil layers beneath the embankment fill will be

replaced, as a result of construction of the embankment. The MSEwall will

include a wide zone of permeable material near the wall face, allowing all
interfiow in the new fill to enter the drainage layer (see Figure B-I). Interflow in

the 2H:IV embankment is also assumed to enter the drainage layer (see Figure
B-2).

- Outflow from the drainage layer isapplied asrecharge to Block 4 in each of the

embankment profiles.Thismay be achievedin practice by installinga variety of
different infiltration facilitiesnear 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 MSEWall (between

Stations 175+00 and 185+00) and the typical 2H:IV embankment (between
Stations 185+00 and 215+00).

Overall Water Balance

At the MSF wall location, the water balance model shows that the overall

precipitation on the crosssection isdivided up as follows:
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Flow Comoonent Pre-Construction Post-Constl"uction

Evapotranspiration: 42.0% 38.2%
SurfaceRunoff: 15.5% 26.7%

lnterflow: 8.0% 1.5%

ShallowGroundwater Flow: 10.1% 12.6%

Deep Groundwater Recharge: 24.3% 21.0%

Evapotranspirationis reduced,the main increaseis in the form of runoff.
Interfiowand deep percolationcaptured by the drainage layer is re-infiltratedto

increasegroundwaterflow. The drainage-layeroutflow represents 11.3 percent
of the overallwaterbalance for the crosssection.Comparable resultsare
obtainedat the 2H:IV embankment location,where the precipitation is divided

up as follows:

Flow Component Pre-Construction Post-Construction

Evapotranspiration: 42.1% 38.7%
Surface Runoff: 14.9% 27.0%

Interflow: 10.9% 1.2%
Shallow Groundwater Flow: 9.6% 11.7%

Deep Groundwater Recharge: 22.4% 21.3%

The increasein groundwater recharge isachieved by re-infiltrationof water

flowing from the drainage layer. Drainage-layerflow represents12.8 percent of
the overallwater balance.

Seasonal Changes in Groundwater Recharae

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_onstruction recharge curvesreflectthe seasonal

changesin precipitation from winter to summer.

The best conditions for re-infiltrationof drainage-layerflow to create additional

groundwater rechargeoccur during the summer months,when groundwater

levelsare low. However, drainflow ratesare at their lowest during thisperiod,

allowing all the drain flow to be recharged.During the winter months,when

groundwater levelsare higher, rechargewill be lesseffective, but excesswater

will be available for recharge,due to higher ratesof seepage into the underdrain.

Any water that cannot be rechargedwill overflow the recharge system, and flow

through constructedswales into the wetlands asoverland flow. Depending on

the levels of soilsaturationin the wetland, some of the excessflow may
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infiltrate; some will be lost by evapotranspiration, and some will run off as
- " overland flow to Miller Creek.

Implications for Wetlands

Wetlands located beyond the toe of the embankment (off-sitewetlands) are

sustained by one or a combination of water sources including:

• Precipitation;
• Runoff;

• interflow or discharge of perched groundwater; and

• Groundwater discharge from the Shallow Regional Aquifer.

In qualitative terms, the findings of the water balance model indicate the

following:

• The amount of precipitation falling on off-site wetlands will not be affected

by embankment construction.

• The amount of runoff supplied to off-site wetlands will change if
embankment construction occurs in the catchment area above the wetland.

Existing runoff from upslope areaswill be eliminated as the embankment
and new storm water facilities are constructed. For the off-site wetlands, this

source of water will be replaced by flow from the underdrain system during
the winter months.

• Off-site wetlands supplied by interflow or seepage of perched groundwater

may see a change due to embankment construction above the wetland. Off.

site wetlands will still be recharged by this mechanism although the volume

of interfiow may change. Interflow to wetlands which are partially filled and

interflow to off-site wetlands will be replaced by seepage through the

underdrain and overflow from the swale constructed at the edge of the
underdrain. During the winter months, seepage from the perimeter swale
will infiltrate to create interflow to off-site wetlands.

• Off-site wetlands supplied by groundwater dischargefrom the Shallow

Regional Aquifer will seean overall increasein flow as a result of increased

rechargeof water from the drainage layer,
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The analysis is based on long-term average annual and monthly precipitation
rates. Natural variation in precipitation form month to month and year to year

will produce differing results.

497806/404G eotech(rpt).doc

HartCrowser Page B-7
.I-4978-06

AR 009445



AR 009446



_!'!_iI Figure B-2
AR 009447



;>

:Z

;<

AR 009448



APPENDIX C

BORROW AREAS 1, 3, AND 4 -
PROJECTED IMPACTS TO WETLANDS

AR 009449



V •

www. hartcrowser, corn

Delivering smarter solutions

Anchorage

MEMORANDUM

DATE: December 8, 2000

Boston

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 Chicago

Projected Impacts to Wetlands
J-4978-o6

CC: Marti Louther and James C. Kelley, Ph.D., Parametrix, Inc. Denver

J. Thomson, P.E., HNTB

On-Site Borrow Activities
-- Fairbanks

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 Jersey City

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 LongBeach

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

Seattle

1910 Fairvtew Avenue East

Seattle, Washington 98102-3699
Fax 206.328.5581
Te/ 206.324.9530
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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 lessthan 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 from

Borlow Area I. Changes in site development conditions and the adoption of wider buffers

(perimeter, stream) have resulted in this figure being adjusted. Estimates were revised in

1998 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 I, 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 I, approximately 4.2 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 right of way. The resource consists of glacially

deposited, slightly silty to silty sands and 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).

Dorrow Area 4

-- Immediately north of Borrow Area 3 and approximately 1,100 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 the Tyee Golf Course. It 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 will 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 turning 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 188th 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 berm of the proposed Des Moines Creek RDF, 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 Figures 2 and 4 within Borrow Areas I 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 I.
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Borrow Area 1

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, B-4, B-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

fiat-lying wetlands. Potential impacts to Wetlands B-l, B-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
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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 arising from 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 overland 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 stability,

recontouring), and re-alignment of preferred construction material haul routes (side-cast

materials, road maintenance).

AR 009455



--1--

Port of Seattle ]-4978-06

December 8, 2000 Page 7

Borrow Area 1

Mitigation of potential impacts in Area I 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-I, B-4, B-I 5a/b, 32, and 48) would

insulate the wetlands from activity related to borrow material development, (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 extraction 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 50-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-I 0 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 I 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 sources 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 8.

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:\docs_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 Wetland Impacts

Figure 4 -Conceptual End of Mining Topographic Map for Borrow Areas 3 and 4
Alternative 1 - Full Utilization of Borrow Area 3

Figure 5 -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-4978-06, October 20, 2000.
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Table 1 - Summary of Potential Wetland Impacts for Borrow Areas 1, 3, and 4 and Conceptual Haul Routes

BORROW AREA 1

Area Impacted Area
Wetland in Acres in Acres Comments

B-1 0.27 0 Impacts avoided

B4 0.07 0

32 0.09 0

8-15a 0.19 0.19 Mining will temporarily alter buffers,wetland, and

48 0.14 0.14 surfacewater sources

13-11 0.18 0.18 Impacts unavoidable, mining will eliminate

B-12 0.07 0 upgradient sources of water
B-14 0.78 0.78

B-15b 0.02 0.02

TOTAL 1.81 1.31

BORROW AREA 3

I Area Impacted Area IWetland in Acres in Acres Comments

B-1 0.02 0 Impacts completely avoided with

B-5 0.08 0 Mining Alternative 2
B-6 0.55 0

_ B-7 0.03 0

IB-9 0.05 0

29 0.74 0

30 0.88 0

TOTAL 2.35 0

CONCEPTUAL HAUL ROUTES (DES MOINES CREEKCROSSING)

Area Impacted Area
Wetland in Acres in Acres Comments

Truck/Conveyor

E 0.07 0.03/0.01 Impact depends on selected haulage method
TOTAL 0.07 0.03/0.01

497806/impactwetlands-finrph.xls
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MEMORANDUM

DATE: October 20, 2000

TO: Jim Thomson, HNTB Boston

FROM: Michael A.P. Kenrick, P.E.,and Michael J. Bailey, P.E., Hart Crowser

RE: Sea-Tac Third Runway - Borrow Area 3 Chicago
Preservation of Wetlands

J-4978-06

Denver

As requested by the Port of Seattle, this memo and the attached figures provide conceptual
design and supporting information for the proposed drainage swale to protect wetlands in

Borrow Area 3. We also provide a brief explanation of the hydrology that supports the

wetlands, including why excavation of Borrow Area 3 will not drain these wetlands. Figure Fairbanks
1 shows the location of Borrow Area 3 to the south of Sea-Tac Airport.

REVIEW OF BORROW AREA 3 WETLAND HYDROLOGY JerseyCity

The first section of this memo provides a review and explanation of the hydrology that

currently supports and sustainswetlands in Borrow Area 3. Understanding these hydrologic
factors is important in ensuring the long-term preservation of the wetlands during and after
excavation of the fill materials contained in Borrow Area 3. Ju,eau

Factors Promoting Preservation of the Wetlands

Existing wetlands and current topography in Borrow Area 3 are shown on Figure 2; the Lo,gBeach

proposed area of mining and resulting contours for final excavation are shown on Figure 3.

The series of wetlands mapped in Borrow Area 3 follow a line of shallow depressions in the

southcentral part of the site, extending to the southeast from Wetland 29 through Wetlands portland
Bg, 30, B7, B6, and BS. These wetlands exist in an area of relatively permeable subsoils

where the main groundwater table isat a depth of 10 to 15 feet below the wetlands. Depth
of the water table indicates the wetlands are supported by other sources of water. The

sources of water appear to include surficial runoff and shallow interflow, as well as
7910 Fairview Avenue East Seattle

Seattle, Washington 98102-3699
Fax 206.328.5581

Tel 206. 324.9530
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groundwater seepage occurring from a perched zone above the main water table that

discharges in the area of Wetland 29. Observation wells in the area indicate the perched
zone does not contribute flow directly to the other wetlands but, by extension, flow from

Wetland 29 appears to passalong the line of wetlands, to each wetland in turn.

The key factors for sustaining wetland hydrology in Borrow Area 3 are (1) ensuring the
continued supply of water and (2) preventing the undue loss of water from the wetlands.

Wetland hydrology is typically sustained by a combination of hydrologic processes, as

shown schematically on Figure 4. The processes supporting wetland hydrology include

precipitation (P), groundwater flow (GW) and spring seepage (Sp), runoff (RO), and

interflow (IF). Other processes such as evapotranspiration (Et) and deep percolation (DP)
lead to the potential loss of water from wetlands. Where wetlands exist, it can be assumed

that the sources of water exceed the losses,for at least a large part of the year.

Maintenance of the water sources, without increasing the losses,should ensure preservation
of the wetlands in perpetuity.

One of the main constraints on wetland development in the area is the relatively high
permeability of the surficial soils. In agricultural terms, the surficial soils are identified to be

part of the Indianola series(USDA, 1973) and are characterized as being "excessively

drained" with "rapid permeability." This is consistent with the predominant soil material in

Borrow Area 3 being stratified glacial drift, which is primarily sand and gravel outwash with

varying amounts of silt in a predominantly granular matrix.

The overall approach for maintaining wetlands in Borrow Area 3 focuses on preserving or

enhancing the existing sources of water, and ensuring that no additional losspathways are
created.

Wetland 29

Wetland 29 is unique in that it occurs on a hillside (see Figure 3). Its existence is

attributable primarily to a continuous supply of groundwater that seeps from the hillsideat

this point. Investigation of subsurface conditions at Borrow Area 3 links this area of seepage
with a laterally continuous zone of perched groundwater that extends to the north and west,

behind Wetland 29 (Hart Crowser, 1999, see reference list following the text of this memo).

In hydrologic terms, the wetland occupies part of a surface seepage discharge area for

groundwater flowing through the perched zone, as illustrated in the cross section on Figure
4. Part of the seepage from the perched zone flows into Wetland 29, the rest of the

seepage from the perched layer does not appear elsewhere on the surface, so is assumed to
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percolate down into the shallow regionalaquifer in the eastern part of the site where the
perching layer hasbeen removed by erosion.

The proposed borrow area excavation to the eastof Wetland 29 (Figures3 and 4) will not
interfere with the perching layer behind or beneath the wetland andwill, therefore, haveno
direct effect on the continued dischargeof groundwater from the west. An analysisof

groundwater flow potentially diverted from Wetland 29 (Hart Crowser, 2000) indicates that
excavation could change the seepage gradient and result in a decreasein flow to Wetland
29. Mitigation to address this potential change is discussedbelow.

Although the baseof the Borrow Area 3 excavation will be lower in elevation than most of
Wetland 29, excavation will occur in predominantly permeable soilsthat are above the
water table. Theseexisting permeable soilsalready provide a drainage pathway for seepage
lossesfrom the wetlands. The persistence of the wetlands despite the presence of

, permeable soilsand a relatively deep water table demonstratesthat wetlands will not be
drainedby the adjacentexcavations.

- Other Wetlands

Water inWetland 29 isprimarily lostby percolationto the underlyingaquiferand
evapotranspiration.A portion of the water flowingthroughWetland29 isinferredto move
downslopeas interflowor shallowsubsurfaceflow to feed successivewetlandsthattrend
southeastwardfromWetland 29, occupyinga seriesof shallowdepressions(seeFigure3 -
note that thisflow is out of the planeof the crosssectionon Figure4). Thisinferenceis
based on thetopographicpositionof the adjacentwetlandsandthe absenceof other
sourcesof water. Flowappearsto move from onewetland to the next,and somewater is
likely lostas deep percolationinto the permeablesubsurfacesoilsthat underliemostof the

site, includingthe wetlands. Some additionalwater probablycomesassurfacerunoffor
interflow fromthe surfacecatchmentsfeeding eachwetland.

Accordingto the Wetland DelineationReport(Parametrix,1999) and supportingFieldData
Sheets,the wetlandsin BorrowArea 3 typicallyfeature10 to 12 inchesof "blackmuck" - a

fine-grainedrichlyorganicsoilthatappearsto help the pondingof water in thewetland,and
likelyretainssaturationof the root zone ratherthanallowingmuchof the water to percolate
downward. The concept is illustratedon Figure5, whichisa crosssectionthroughWetland
30.

Note that Wetlands 30, B7, B6, and B5 appear to existbeyond the mainperching layer. It is
possible that these wetlands formed on locally silty (lesspermeable)zones in the
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predominantly granular soil, promoting shallow perched conditions that sustain the wetland

hydrology. As evidence of this, Wetland B7 is reported to have a seasonally high water
table that would be 10 to 15 feet above the main groundwater table in the underlying

relatively permeable shallow regional aquifer. As a result, 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 Figures 5 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 wetland 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 necessary 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 stable condition, and

monitoring after reclamation, which the Port has already committed to.

DRAINAGE SWALE DESIGN

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 suggests the possibility that

mining will produce a small change in the groundwater flow regime within the perched

zone 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 sidesof Borrow Area 3, as depicted on Figure
3. The groundwater seepage represents natural flow from the perched zone that isforced

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 percent. A schematic profile

along the drainage swale is shown 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 _/day (Hart Crowser, 2000). There is more than enough seepage flow available to
make up any lossin the natural perched zone groundwater tlow to Wetland 29.

1
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Adaptive Design Approach

The detaileddesignand constructionof the drainageswalewillbe modifiedas neededto
takeaccountof field conditionsrevealedduringthe excavationof BorrowArea3. For

example,the swalecouldbe linedwith HDPE (seeFigure6) if neededto preventlossof
flow inthe eventsoilsencounteredduringconstructionaremore permeablethanindicated
by the borings.Design,construction,operation,and maintenanceissuesare described
underthe followingheadings.

Typical Cross Section

The typical crosssectionfor the proposed drainage swale is shown on Figure6(a). This
crosssectionpresupposesthat a sufficientthicknessof naturallow-permeabilitysoils(the
lateral extensionof the perchinglayer)will be presentin the upper partof the benchholding
the swale.

Prevention of Leakage

To allow for potential variability in the surfaceelevation or thickness of the perching zone,
the design assumesthe invert of the swale may extend below the base of the perching
horizon in places, in order to maintain the designslope of 1 to 2 percent. If the perching
horizon is thin or even be eroded away in places,this will be revealed as excavationof
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 excavationshows insufficient low-

permeability soil is present to form the required subgrade for the unlined drainageswale,
the swale 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 seepageloss,as shown on
Figure 6(b).

Control of Excess Flows

The positionof the drainageswaleat mid-slopearoundthe northernand westernsidesof

BorrowArea 3 will causethe swaleto collectsurfacewater runoffduringhighprecipitation.
Some precipitationupslopeof theswale is likelyto infiltratebut may appearas shallow
interflowor perchedwater and contributeto seepageinthe swale. Also,if constructedto

itsfull length as shownon Figure3, the swaleisexpectedto collectmore thanenough
groundwaterseepageto make up for the projectedmaximumlossin flow fromWetland29.
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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 excessflow 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 as shown 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 proximity to the final slope contours for the excavation. Mining will progressfrom 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

i
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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 crosssections will 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 will 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 thisperiod, 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.

AR 009476



HNTB J-4978-06

October 20, 2000 Page 9

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:\docs_obs\497806\DraftWetlandPreservationSwale.doc

Attachments:

References

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 Anchorage

DATE: December 8, 2000

TO: Ms. ElizabethLeavitt,Port of Seattle
Boston

FROM: Michael Bailey,P.F.,Hart Crowser, Inc.

RE: ProposedMSE Wall SubgradeImprovements
Seattle-TacomaInternational Airport Chicago

j 978-oo ! xP'"Es'"/':/"' I

CC: JimThomson, P.E.,HNTB
Denver

In responseto your request, this memo provides an update on design of the subgrade

improvements to support the mechanically stabilized earth (MSE)retaining walls for the Fairbanks

Third Runwayembankmentat Sea-Tac.

This memo describeswhy the proposed construction below existing ground level will have

no adverse impact to groundwater flow below the proposed MSEwalls.
Jersey City

The basicdesignconcept,constructionapproach,and subsurfaceconditionsbelow the
proposedMSEwallsare generallydiscussedin Appendix B in the Wetland Functional
Assessmentand ImpactAnalysisdocument for the project, which includesHart Crowser's

July9, 1999, report entitled "Geotechnical EngineeringReport, 404 Permit Support, Third Juneau

Runway Embankment." This memo provides additional detail based on subsurface
explorations and designwork completed since July 1999. This memo provides a description
of the components used in the MSEwall foundation and the proposed subgrade soil

improvements, and why these constructed features will not impede shallow groundwater
flow that rechargesMiller Creek and adjacent wetlands. LongBeach

MSE Wall and Foundation Components
Portland

Figure 1 shows a schematic cross section of the proposed MSFwall 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
Seattle

1910 Fairview Avenue East

Seattle, Washington 98102-3699
Fax 206.328.558I
Tel 206.324.9530
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maximum height of the proposed wall. Figure 2 shows location of the crosssection 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 subgradeimprovement
zone that are discussedin 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 consistsof silty

sandwith organics, interbedded silty sand, gravelly sand, and sandysilt, and occasional

sandy clay. The surficial soils contain the shallow aquifer that rechargesMiller 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 MSEwall.

Glacial Till. Underlying the surficial soils is glacial till or other hard glaciallyoverridden soils
that consist of very dense silty sand and hard sandysilt, with varying amounts of gravel. This

soil unit will provide very good foundation support for the proposed MSEwalls.

Reinforced Fill Zone. The proposed MSEwall 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.

SubgradeImprovement Zone. The reinforced fill and MSEwall facingwill be supported on
soilswhich are adequatelystrongand non-compressible,to transferthe weightof the wall to

the underlyingglacialtill. There are two types of subgradeimprovement that may be used
where the existingsurficialsoilsneed to be "improved" to provide thissupport;

• In areaswhere the depth of subgradeimprovement is relativelyshallow,existingsoilsin

the subgradeimprovement zone canbe removed and replacedwith compacted
structuralfill.

• In areas where the soils that need improvement are more than a few feet thick,

subgradeimprovement may be accomplishedby installingstone columnsto reinforce

the existing native soils.

- Both types of subgradeimprovement are discussedlater in this memo.
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As shown on Figure I, the eastern part of the reinforced fill extendsa few feet below the

existing ground surfaceat the cross section (Station 178+60). The depth of this embedment
for the reinforced zone varie_ for instanceat Station 177+75, the reinforced zone will

extend below the ground surface about 9 feet.

The remainder of the memo describes the construction sequence and why shallow

groundwater recharge to Miller Creek and the wetlands west of the MSEwall will not be
impeded by either the reinforced fill extending below the ground surface, or either type of

subgrade improvement.

Shallow Groundwater Seepage through Subgrade Improvements

Subgrade improvements will be constructed by either 1) overexcavation and replacement
with compacted fill, or 2) use of stone columns. In some areas, the reinforced fill may also

extend below the groundwater level.

Removal and Replacement for Subgrade Improvement

Where unsuitable soils are excavated as part of subgrade improvement, backfill will consist
of relatively free-drainingstructural fill of the type used for wet weather construction or for

the embankment underdrain. This fill will be well-graded and have a maximum fines content
(percentage of silt and clay), limited by the construction specifications to not more than 8

percent. Figures3 and 4 show gradation of the fill materials that may be used for this

purpose. Permeability of this fill will be greater than the existingsurficial soils it replaces,
because of its overall gradation and the limited percent fines.

Stone Columns

Where stone columns will be used for subgrade improvement, design calls for them to have

a nominal diameter of 42 inches and be spaced in a triangular pattern 8 feet apart. Figure 5
shows the method of constructing stone columns, and Figure 6 shows the spacing. The
design calls for the stone columns to be constructed of coarse gravel with a maximum of 10

percent passingthe no. 4 size sieve with little or no fines (silt and clay sized particles). The
coarse gravelcolumns will occupy about 17 percent of the native soil volume based on the

design sPacing and diameter. Figure 7 shows gradation of the gravel specified for use in
the stone columns.

Some densification of the native surficial soilswill occur during stone column construction.

However, the degree of densification is less in silty or clayey soils of the type that exist at the
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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 enhancingvertical seepage

between granular soils that are separated by more silty interbeds.

Reinforced Zone

The MSEwall 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 MSEpanels.

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 becauseof
its small height relative to the thickness of the aquifer.

- The reinforced zone behind the wall facinghassteel strips laid horizontally in the soil, to

provide the MSEsoil reinforcing. These strips are typically about a quarter-inch thick by four
incheswide, 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.

Pleasecall if you have any questions.

F:\docs_jobs\497806\SubgradeMS E(mem)Final.doc

Attachments:

Figure I - West MSEWall CrossSection Station 178 + 60

Figure2 - West MSEWall Subgrade Improvement Plan
Figure 3 - Grain Size Envelope for Group IA Fill Material
Figure4- Grain Size Envelope for Group I B Fill Material

Figure5 - Stone Column Installation for SubgradeImprovement

Figure6 - Stone Column Layout Plan
Figure 7 - Grain Size Envelope for Gravel Used in Stone Columns

Figure8- Joint Details between MSEWall Panels
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FEASIBILITY OF STORMWATER INFILTRATION

THIRD RUNWAY PROJECT,
SEA-TAC INTERNATIONAL AIRPORT

SEATAC, WASHINGTON

SUMMARY

Infiltrationtestshavebeenperformedfor selectedsiteson thewest sideof the
proposedrunwayembankmentto evaluatethe feasibilityof infiltrationaspartof
the StormwaterManagementPlan(SMP)forthe Sea-TacThirdRunwayproject.
Thetestingperformedto dateshowsinfiltrationisfeasibleintwo of the areas
tested(Areas1 and3). Preliminarydesigninfiltrationrateshavebeen developed
from the fieldtestsusingmethodsstipulatedby KingCounty(1998) aslistedin
Table1. Basedon theseresults,potentialinfiltrationcapacities(incubicfeet per

second[cfs])at the individualsiteshavebeen developedfor nominal8-foot-wide
infiltrationtrenchestotaling400 feet in length:

• InfiltrationArea 1 canaccommodatestormwaterdisposalat anaveragerate
of 0.30 cfs;and

• InfiltrationArea 3 canaccommodatestormwaterdisposalat anaveragerate
' of 0.15 cfs.

Additional trenchesmay be located in theseareasto increaseinfiltration
capacity, depending on site logistics.

Thesedata are suitablefor conceptual infiltration facility design. The infiltration
capacityof anysitewill dependon the detaileddesignand layout (i.e.,area and
elevation)of the infiltrationfacility,and the degreeof variabilityin soilconditions
beneaththe facility. Additionalinfiltrationtestsand soilboringswill be needed
to meetall the requirementsof the King County.SurfaceWater DesignManual
(1998) andshouldbe completedonce provisionalfootprintsof the facilitiesare
established.

Thisreportsummarizesdesignrequirementsfor infiltrationfacilities,field data
collectionperformedby Hart Crowser,andresultsof ourwork to datefor
InfiltrationAreas1 and 3.

INTRODUCTION

As a resultof increasedstormwaterstoragecapacityrequirementsinthe SMP,
Hart Crowserwastaskedto investigatepotentialsitesfor infiltrationof detained

Hart Crowser Page1
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stormwater on the west side of the proposed Third Runway project area (see

Figure 1 for general location). Basedon the location of detention ponds C, D,

and G, three siteswere identified as potential sitesfor infiltration of water

dischargedfrom detention ponds and/or vaults on the airfield. Additionally, the

footprint of detention ponds C, D, and G were also considered for potential

infiltration capacity. Locations of the detention ponds and Infiltration Areas 1, 2,

and 3 are shown on Figures2 and 3.

Infiltration testing was conducted alongwith the collection of soilsand

groundwater data that are needed to establishif infiltration can be implemented
in each area in accordancewith 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 infiltrationfacilities(ponds, tanks, and trenches) associated with

the natural site conditions. Additional requirements identified below under

"Other Engineering Considerations" need to be addressed bythe 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 _ 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 Page 2
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Design Infiltration Rate

• The design infiltration rate should be calculated by Equation 5-9 of the

KCSWDM, usingthe 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
increasedwater to landslideareas, increased groundwater resources

available, increased water levelsin closed depressions,and higher

groundwater levels.

Groundwater Protection

Groundwater protection requirements call for implementing one of the following

actions when infiltrating water from polluUon-generating surfaces:

• Provide water quality treatment prior to infiltration; or
• Demonstrate that the soil beneath the infiltration facility has properties which

reduce the risk of groundwater contamination from typical stormwater
runoff.

- Other En_lineering Considerations

• 100-Year Overflow Conveyance

• SpillControl Devices

• Pre-settling
• Protection from Upstream Erosion
• Construction Guidelines.

This report by Hart Crowser provides a preliminary assessmentof the soils,

infiltration rates,and hydrology of each site to establishthe feasibility of

infiltration. Engineering aspects and site logisticswill be addressed by the design

team as part of final design.

APPROACH

The type of infiltrationtest chosen at each location was dependent on the depth

of the target soilstrata or pond elevation. Generally, for tests lessthan 4 to 5

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 ringswillie consistently
maintaining a head between 5.5 and 6 inches in both rings until a relatively

Hart Crowser Page 3
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constant rate was obtained. Presoaking the test area is not required; however,
to limit the amount of inconsistent readingsat the beginning of the test, a

presoaking period of approximately one hour was employed.

For testing depths below 5 feet, the EPA method 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 inchesabove 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

measurement. A minimum of four hours or overnight pre-soaking 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 characteristicssuch aslow

chroma mottling were also reviewed to assessthe seasonal high groundwater
levels.

.RESULTS

We have completed infiltration tests and soil borings at one pond location and

three potential infiltration areas:

• Pond G;

• Infiltration Area I (between Pond C and Pond G);

• Infiltration Area 2 (south of Pond G); and
• Infiltration Area 3 (northwest of Pond D).

Results of the double-ring infiltrometer tests are listed in Table 2; results of the

EPA method 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 G 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

Hart Crowser Page 4
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infiltration rates for each area, factored by our estimate of the appropriate

correction factors, as stipulated 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 designwould take into

account the resultsof additional facility-specific testing, the actual geometry of

the proposed facilities, and additional designadjustments to provide an

adequate "factor of safety."

Finalmeasured 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 slightly silty fine to medium sand

occurring across the site. The sand unit startsjust below the surfaceand extends

to depths of 8 feet (approximately 268 feet elevation) where deeper material
increasesin 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 liststhe seasonalwater

level variations for two comparable wells east of Infiltration Area 1 with water

level records that include lastyear's seasonal high. Basedon the average

seasonal fluctuation in these wells, and assumingcurrently observed water levels

correspond to the seasonal low, the projected seasonal high water level for
HCO0-B333 is 273.1 feet (approximately 8 feet below ground surface).

Ir

The locations tested exhibited medium to high infiltration capacities ranging
from 4.6 to 20.4 in./hr. Resultsare 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 cfsof stormwater from SMP area SDWIA.

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 feet. Test pit HC00-TP337 in the southern

portion of the site revealed dry silt from 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 regionalaquifer is around 230 to 240 feet
at this location.

Double-ring infiltrometer testswere 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 in./hr. The third test was performed in finer-grained silty soil and
gave an infiltration rate of 0.94 in./hr.

Using an estimated designinfiltration 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 regradingto create benches. The KCSWDM indicates that a
geotechnical assessmentof slope stability would likely be required for

construction of an infiltration facility in Area 3.

Hart Crowser Page 6
J-4978-06

AR 009505



CONCLUSIONS

The results of our soil borings and infiltrationtests show that Areas 1 and 3 are

suitable for infiltration of detained stormwater. The infiltration capacities quoted

in this report are provisional; the appropriate designinfiltration rate for each area

depends on the chosen location, layout, depth, and length of infiltration

trenches. The implementation of infiltration'facilities will necessitate full

consideration of relevant engineering requirements as outlined in the KCSWDM.

Sincerely, "

HART CROWSERpINC.

ROBERTO. MIDDOUR

Project Hydrogeologist

i
t'=" 9,1_,o, ' I I_x''"_'Y'¥'_ I

i

MICHAEL A.P. KENRICK,P.E. MICHAEL I. BAILEY,P.E.

Senior Associate Hydrogeologist Project Manager

F:\Docs_Jobs\497806\ST3RWestlnflltRpt(rev).doc
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Table 3 - Falling Head Percolation Tests Sheet1of 2

Location ID Test Elapsed Change in Percolation Soil Type
Number Time Head Rate

in rain in feet in in./hr

Infiltration Area 1

HC00-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.O0

5 0.14 20.16

5 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 Slightly silty,
5 0.05 7.20 _ fine to medium
10 0.10 7.20 SAND

2 2 0.02 7.20
5 0.06 8.64
I0 0.11 7.92

3 2 0.02 7.20

5 0.05 7120

I0 0.11 7.92

4 2 0.03 10.80

5 0.06 8.64

I0 0.11 7.92

497806/3rd_infil_tests.xlsTable3
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Table 3 - Falling Head Percolation Tests Sheet2 of 2

Location ID Test Elapsed Change in Percolation Soil Type

Number Time Head Rate

in min in feet _in in./hr

Infiltration Area 1

HC00-B329A I 2 0.05 : 16.20 Slightly silty,
5 0.10 14.40 fine to medium
10 0.20 14.40 SAN D
15 0.29 13.92

20 0.37 13.32
25 0.45 12.96

2 2 0.05 18.00
5 0.12 17.28

I0 0.23 16.56
15 O.33 15.84
20 0.44 15.84

3 2 0.05 18.00
5 0.12 17.28
10 0.26 18.72
15 0.37 17.76
20 0.49 17.64

4 2 0.06 21.60
5 0.14 20.16
10 0.26 I B.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-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

497BlYo/3rd..infiLtests.xl$Table3

HartCrowser Page 12
J-4978-06
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Vicinity Map

See Figure 2

_ee Figure 3

Outline of Proposed
3rd Runway Project
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APPENDIX A
EXPLORATION LOGS

Hart Crowser

J-4978-06
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_ Key to Exploration Logs
Sample Description
Classification of soils in this report is based on visual field and laboratory observations which include density/consistency,

moisture condition, groin size, and plasticity estimates and should not be construed to imply field nor laboratory testing
unless presented herein. Visual-manual classification methods of ASTM D 2488 were used as on identification guide.

Son descriptions consist of the following:

Density/consistency, moisture, color, minor constituents, MAJOR CONSTITUENT, additional remarks.

Density/Consistency
Soil denslty/consistency in borings is related primarily to the Standard Penetration Resistonce.

So, density/conslstency in test pits is estimated based on visual observation and is presented parenthetically On the test pit logs.
Stendord Standard Approximate

SAND or GRAVEL Penetration SILT or CLAY Penetration Sheer
ResistancE (N) Res;stenc,e..(N) .Str_._th

Density in Blows/root Consistency in Blows/root m i_-

Very loose 0 - 4 Very soft 0 - 2 <0.125

Loose 4 - 10 Soft 2 - 4 0.125- 0.25

Medium dense 10- ,.30 Medium stiff 4- 8 0.25 -0.5

Dense 30- 50 Stiff 8- 15 0.5 -_ 1.0

Very dense >50 Very stiff 15 - 30 1.0 - 2.0

Hard >30 >2.0

Moisture Minor Constituents Estimated Percentage

Dry LItUe percept{ble moisture Not identified in description 0- 5

Damp Some perceptible moisture, probably below optimum Slightly (clayey, silty, etc.) 5 - 12

Moist Probably near optimum moisture content Clayey, silty, sandy, grovefly 12 -30

Wet Much perceptible moisture, probably above optimum Very (clayey, silty, etc.) 30 -50

Legends Test Symbols

Sampling Test Symbols cs Groin Size C;assificoUon

BORING SAMPLES CN Consolidation

UU Unconsolidated Undrained Trioxial
] Split Spoon

CU Consolidated Undrained Trioxiol

[] Shelby Tube _ CD Consolidated Drained Trioxiol

] Cuttings QU Unconfined Compression

] Core Run DS Direct Shear

:_ No Sample Recovery K Permeability

PP Pocket Penetrometer
P Tube Pushed, Not Driven Approximate Compressive Strength in TSF

TEST PiT SAMPLES TV Torvone

[] Grab (Jar) Approximate Shear Strength in TSF

CBR Colifornlo Bearing Ratio

] Bog MD Moisture Density Relationship

] AL Atterberg LimitsShelby Tube

" ' c i Water Content in Percent| i

Groundwater Observations l l L._ NaturalLiquldLimitPlastic Limit

Surface Seal PID Photoionizotion Detector Reading

CA Chemlcol Anal ysls

i V Groundwater Level on Dote DT In Situ Density Test

.: (ATD) At Time of Drilling

o Observation Well Tip or Slotted Section

? Groundwoter Seepage
(Test Pits) _1_ W_ _

J-4978-08 11/00

Figure A-1
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Boring Log HCOO.B327
STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil DescripUons De_inFeet
GroundSurface EiovatJonin Feet:276.1 Samlde • BlowsperFood1 2 5 10 20 50 100

"0
Mediumdmee, moieLbrown,slightlysilty,
fineto me,urn SAND, gradingto sllgh_
gravelly,fMe Io mediumSAND.

,s-1

s.2

5

Mediumdense,moist,gray,dightlygravelly,
very siltySAND. s-4 ,.

Bottomof Boringat9.5 Feet. 10
Completed11110/00.

15

8

= 25
1 2 5 10 20 50 100

irll
U

HA/nlEROWSF.R
1.Refer to Rgum A-1 forexplana_onofdmcriplior_andsymbols.
2. Soilde_::dpl_onsandstratumlinesare intorprel_eandactualchange==may J.,4978-06 11100

be gradu=,. Figure A- 23. Groundwaterlevel,if indicated,is at limeof ddlling(ATD)or fordate
specified.Levelmayvarywithlime.
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Boring Log HCOO.B328
STANDARDPENETRATION LAB

Del_h RESISTANCE TESTS
SoilDescriptions inFeet
GroundSurfaceElevationinFeet:275.4 Sample • BIo_ perFoot

-0 1 2 5 10 20 50 100M_,umd_.,.mo_brown._,y _Ry.
fine_ mediumSAND.

s-1

i
•_2 _

. , [i

S 1I

• 1

Bo_ of Boringat 9.5 Feel
Comldeted11110/00. 10

15

8
r_

i °

_1

-_ 2s
1 2 5 10 20 50 100

ire
ll•

H,aRTCROWSB1
1.RefertoRgureA-1fore0qDlanationofdmcripl_nsandsymbols.

- 2. Soil descdpl_rls and sbatum lines are interpretive and actual changes may J-4978-06 11/00
be gradual.

3. Groundwatar level, if indicatld, is at time of ddUing (ATD) or for date Rgure A-3
specilied, Level may vary wi_ time.
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Boring Log HCOO.B329
" - STANDARD PENETRATION LAB

Depth RESISTANCE TESTS

GroundSurface I=lev_lonIn Feet: 280.1 Scruple • BlowsperFoot
1 2 5 10 20 50 100-0

Mediumdanm, moist,Ixown,allghtlysilty,
fine to mediumSAND,

S-I

s-2

5

Loc,_, moist,brown,slightlygravelly,very
silty,fine to mediumSAND.

Bottomof Boringat 10.0 Feet.. 10
Completed11/10/00. I

15

8
IN

! °
II

8

25
1 2 5 10 20 50 100

N
-F-

/(a/nEROI_ER
1. Refer to FigureA-1 forexplanationof descriptionsandsymbols.

-- 2. Soildescriplionsandstratumlinesare InmlJve andactualchangesmay J-4978-06 11100
begradual,

3. Groundwaterlevel,if indicated,is attimeofdrining(ATD)or fordate F/gure A-4
spedfied. Levelmayva_/wilh time.
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Monitoring Well Log HCOO.B333
--_ STANDARD PENETRATION LAB

RESISTANCE TESTSOepet
Soil Descriptions inF_t _ • Slo_ perFoot
GroundSurface BevaUoninFeet:280.9 1 2 S 10 20 50 100

L__c,_e__.moist.Ixown, slightlygravdly,digh_ [--1

atlty,mediumtofine SAND. S-

H
SAND gradingtogray slightlygravelly,very
dayey, fine to mediumSAND.

Vs.
A

\
Medium den=, moist,brown,slightlygravelly, _ \

__ silty, fine to mediumSAND. S- A
V

- \
\

Hard, moist,gray.verysandySILT. 5 V _'
A
-- l

Verydense,moist,gray.verysilty,fineto

8 mediumSAND. ,S, A
N

' Bottom of Boringat 20.8 Feet
Completed11/15100.

Top of Casing Elevationin Feet: 283.49 I !

.J

i 25 1 2 5 10 20 50 100

I'll
U

WSER
1. RefertoRgum A-1 forexplanalionof¢isecdpltorBandsymbols.

..... 2. Sdl descdpUonsandstratumlinesare inteqamtlveandactualchangesmay J..4978.06 11/00
begradual. RgureA-53. Groundwaterlevel,if indicated,is at limeofdrilling(ATD)or fordate
specified.Levelmayvarywi_ lime.
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Test Pit Log HCOO-TP337
_ " S=rnp_ Depth SOILDESCRIPllONS

blO.Fest. GloundSulfacaElavalionin Feet:309_2
(Soft),moist, brown SILT.

1-
2:

•%.1 3" (Medium stiff):dry, light brown and dark brown SILT.

4-'
5:
e-'
7-

8-2 8" (Hard), dry, light brown SILT.

9" ' Bottomof Explorationat 8.5 FeeL
Completed 11/09/00.10

Test Pit Log HCOO-TP338
Sample Depth SOILDESCRIPTIONS

In0Feat GroundSurfaceBevatloninFm¢ 304.9
(Loose), moist,black and browntopsoil.

1.

2- (Stiff),mist, gray and brown SILT.

3- (Loose),moist,brown, slightlysilty, fineto mediumSAND.

. s-1 4-

5_
e_

- 7-
8-'

Bottomof Explorationat 8.0 Feet.
9" Completed11/09/00.

10

Test Pit L _og HCOO-TP339 .
. GroundSurfaceEkwat)oninFeet:311.7

¢_ : (Soft to stiff), dry, light brown SILT.

o

; o, 2-

-- 3- (Loose),damp, brown, slightly silty,fine to medium SAND.• 4-

i s-2 52
,. s-'

7-_
"_ 8" (Hard), damp, gray and brown SILT.O.
U)
¢_ g.' Bottomof Explorationat 8.5 Feet.
o Completed 11/09/00.10

//A/Ut_OW
- 1. Refer to Figure A-1for explanationof descriptionsandsymbols.

2. Soil descriptionsandstratum lines are interpretiveand actualchangesmay J-4978-06 11/00
be gradual.

3. Groundconditions,if indicated,ere at ifme of excavation.Conditionsmay Figure A-6
varywithtime.
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APPENDIX G

LOW STREAMFLOW ANALYSIS FOR MILLER, WALKER, AND
DES MOINES CREEKS

(Appendices C and D exclnded)
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--": PORT of SEATTLE

Seattle-Tacoma Airport Master Plan Update
Low Streamflow Analysis

This report presents analyses performed to estimate the timing and volume of discharges to local
receiving streams and wetlands during low flow periods from the Sea-Tat 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 Third Runway 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 (Pararnetrix, 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,
interflowand surfacewater discharges, including stormwatercontrol facility discharges.

EXISTING STREAMFLOW CONDITIONS

Stream gage dataavailable 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 Reeord August Flow September Flow

(efs) (efs)

42A - Miller Creek near mouth 1989-1996 2.35 2.03

42B - Miller Creek at RDF 1990-1996 0.48 0.41

42E - Walker Creek near mouth 1993-1996 1.56 1.24

11 F - Des Moines Creek near So. 200 thSt. 1996-1998 1.55 i.62

Port of Seattle l
Seattle-Tacoma Airport Master Plan Update

Low Streamflow Analysis
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- WATERSHED MODELING OF CURRENT AND PROPOSED CONDITIONS

The draft Preliminary 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 actions 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 12thAvenue 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

RainfallRecord Average Average
Location Used in August Flow SeptemberFlow

HSPF Simulation (cfs) (cfs)
MillerCreekat RDF_ 1949-1996 0.45 0.70

MillerCreeknearSR509 1949-1996 1.27 1.50

MillerCreeknearmoutht 1949-1996 2.70 3.23

WalkerCreek near 12thAvenue So. 1949-1996 0.033 0.035

Walker Creeknear mouth _ 1949-1996 1.37 1.37

Des Moines Creeknear So. 200_ St. 1949-1996 1.08 1.64

1Included for purposes 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 of Seattle 2
Seattle-Tacoma Airport Master Plan Update
Low Streamflow Analysis
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- Table 3:

Seven-Day Low Flows (cfs)
Per HSPF Model of 1994 Land Use Conditions

Return Interval
Location

2 years 5 years 10 years 20 years

Miller Creek near SR 509 0.79 0.68 0.63 0.59

Walker Creek near 12a Avenue So. 0.021 0.019 0.017 0.016

Des Moines Creek near So. 200 _ St. 0.35 0.28 0.24 0.21

Inconstructingmodelsoftheproposedprojectconditions,referredtohereinasthe2006 landuse
conditions,the 1994 conditionsHSPF model was revisedto reflectproposedchangesinland

cover,surficialsoils(fillplacement),and theoperationof proposedstormwaterflow control

facilities.The memoranda inAppendixD tothisreportpresentdetailsofthemodel.

The HSPF model resultsof low strcamflowswith proposedSTIA constructionin placearc

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 (cfs) (cfs)

Miller Creek near SR 509 1949-1996 1.10 1.40

Walker Creek near 12_ Avenue So. 1949-1996 0.031 0.039

Des Moines Creek near So. 200 a St. 1949-1996 1.07 1.73

Table 5:

Seven-Day Low Flows (efs)
Per HSPF Model of 2006 Land Use Conditions

Return Interval
Location

2 years 5 years 10 years 20 years

Miller Creek near SR 509 0.64 0.54 0.48 0.44

Walker Creeknear12u'Avenue So. 0.015 0.012 0.0I0 0.009

Des Moines CreeknearSo.200thSt. 0.27 0.21 0.18 0.15

Port of Seattle 3
Seattle-TacomaAirport Master Plan Update
Low StreamflowAnalysis
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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 streamflows; the 7-day low flow values are predicted to

decrease by 0.007 cfs in the HSPF modeling. In Des Moines Creek, 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 (Parametrix, 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 construction 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 dry 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 streamflows.

In assessing quantitative effects on strearnflow, the HSPF modeling results provide a partial

characterization 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

infiltrates 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.

eorto/Seattle 4
Seattle-Tacoma Airport Master Plan Update
Low Strearaflow Analysis
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_ 3. Secondary recharge of runoff from pavement atop the proposed Third Runway
embankment fill. Runoff from runway and taxiways would traverse pervious
biofiltration strips with opportunity to infiltrate into the fill, enhancing the
recharge effect of the first 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 Creel_. 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 preprojeet 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 streams.
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-outarea does not extend 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 extended duration discharge. Discussion of the effects of extended 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 infiltrated 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

Port of Seattle 5
Seattle-Tacoma Airport Master Plan Update

Low Streamflow Analyzis

\_4281601_STREAMFLOWANALYSIS.DOC

AR 009533



- the quantity of delayed discharge is dependent on runoff and evapotranspiration 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
insufficient data available to effectively calibrate the parameter for the fill effects.

One month of flow data was collected from January to February 1998 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 vohtme 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 Department of Ecology, modeled the behavior of infiltrated

rainfall as it passes through the proposed fill. The analysis included modeling of a cross-section

of the 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 (Hydrus-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 drainage layer over time and translated them into a discharge at 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 Crowser later prepared an independent analysis of the behavior of infiltrated rainfall through

the proposed embankment fill for the Port of Seattle. This analysis utilized the same model for

estimating surface infiltration 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: (1) 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 condition (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 Streamfiow Effects

from Fill Infiltration Discharge _

HSPF Model Streamflow (cfs) Increase from 2006 Condition

Period of Flow Fill Discharge w/Fill Discharge
1994 Condition 2006 Condition (cfs) (cfs)

August 1.27 1.10 0.108 1.21

September 1.50 1.40 0.065 1.47

7-Day/2-Year Low Flow 0.79 0.64 0.0655 0.71

IMillerCreek at SR 509
2Calculatedas 75 percentof the average increase in discharge over 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 from the Hart Crowser

analysis 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 resuits
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 _

HSPF Model Streamflow (cfs) Increase from 2006 Condition
Period of Flow Fill Discharge 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-YearLow Flow 0.021 0.015 0.0032 0.018

1WalkerCreek near !2 th Avenue South
2Calculatedas 75 percent of the average increase in discharge over August and September

CHANGES IN NON-HYDROLOGIC FLOWS

The November 1999 and the August 2000 draftsof the SMP 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 fights, 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 (SMP, Appendix G).

The PGG report identified several non-hydrologic factors with potential to affect total
groundwaterrecharge, and hence low flows in Miller Creek. PGG 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)

Potential Streamflow Effect
Change in Water Use

(gallons per day)

Cessation of summer irrigation with local water sources + 84,000

Cessation of septic discharge of imported water - 66,000

._, Cessation of excess lawn irrigation with imported water - 10,000

Leakage of imported water from water supply pipes unknown

Net Change During Irrigation Season -4)

Since the August 2000 draft SMP was published, Parametrix has consulted with former, property
owners to update estimates of historic water withdrawal under the 18 acquired water fights in
Miller Creek. Based on these contacts, Parametrix concludes that historic irrigation 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). Integrating 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 soils. 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 strips. 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:

1. 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 1 (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 total water input is less than the infiltration capacity, runoff-is zero

and infiltration equates to the total water input.

4. Plot the exceedence probability curves for: runoff 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 it 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 18 percent of the time. Figure 1 shows the annual flow duration curves for a one-
foot wide half-section of runway with a slope length of 105 feet and a 75-foot wide filter strip.

The analyses indicate that runoff 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 18-to-5 percent

exceedence interval completely infiltrates in the filter strips along with incident 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 infiltration approximately 6 percent of the time. In all three 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 strip scenarios described
above (incident precipitation and pavement runoff). The figures show the total infiltration,
potential evapotranspiration 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 infiltrated water to the fill would be to enhance the effect of delayed

discharge from the fill'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
extrapolation approach, Walker Creek flows would increase in August by 0.005 efs 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 constructed as additional storage
volume in the base of selected detention facilities, with each facility having a dedicated, gated
discharge outlet, allowing the stormwaterto be discharged when needed.

The requiredstorage volume to be held in reserve can be determinedbased 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 andDes Moines Creeks, respectively.
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- Table 9:
Miller Creek Reserved Stormwater Release Rate Determination

HSPF Model Streamflow 2006

(cfs) Condition
with Fill Net Deficit

Period Discharge Discharge from 1994
of Flow Discharge Non- of Secondary and Non- Condition

of Pervious Hydrologic Impervious Hydrologic = Reserved
1994 2006 Fill Recharge Changes Recharge 2 Changes 3 Release Rate

Condition Condition (cfs) (cfs) (d's) (cfs) (efs)

August 1.27 I. !0 0.108 (0.04) 0.04 1.21 0.06

September 1.50 1.40 0.065 (0.04) 0.025 !.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

lMiller Creek at SR 509
2Assumes secondary rechargevolumes from impervious areasbehave similar to pervious arearecharge volumes.
3Sum of 2006 HSPFstreamflow, fill pervious recharge,non-hydrologic changes and secondary impervious recharge.
4Calculated as 75 percent of the average increase in discharge overAugust and September.

Table 10:

Des Moines Creek Reserved Stormwater Release Rate Determination I

HSPF Model Streamflow 2006

(cfs) Condition
with Fill Net Deficit

Period Discharge Discharge from 1994
of.Flow Discharge Non- of Secondary and Non- Condition

of Pervious Hydrologic Impervious Hydrologic = Reserved
1994 2006 Fill Recharge Changes Recharge 2 Changes3 Release Rate

Condition Condition (cfs) (cfs) (cfs) (cfs) (cfs)

August 1.08 1.07 -- -- -- 1.07 0.01
September 1.64 1.73 -- -- -- 1.73 m

August/ 1.36 1.40 -- -- -- 1.40
September
7-day/
2-year low 0.35 0.27 -- -- -- 0.27 0.08
flow

1Des Moine Creek at South 200th Street
2Assumes secondary recharge volumes from impervious areas behave similarto pervious area recharge volumes.
3Sum of 2006 HSPF streamflow, 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 from 7 days to 90 days. Hence
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the 7-day/2-year low flow condition was selected as the criteria for establishing the reserve
stormwater 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 showing
when Day 1 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 extends over a 47-year period from 1949
through 1995. A similar analysis for Des Moines Creek at 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 stormwaterrelease 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 management 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 extended drought
conditions, and throughoutthe 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
stormwaterstorage volume in Des Moines Creek above South 200thStreet 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 11, 12 and 13, respectively. 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 Creek, average August and
September flows are predicted to increase by 26 percent. Des Moines Creek average August and
September discharges at South 200 th 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 duration/2-year frequency low flows to pre-project levels. In Miller and Des
Moines Creeks, 7-day/2-year low flows would be supplemented by reserved stormwater releases
to maintain pre-projectdischarge rates in the streams.

- Port of Seattle 25
Seattle-Tacoma Airport Master Plan Update
Low Streamflow Analysis

\_4,281eOI_STREAMFLOWANALYSIS.OOC

AR 009553



°I oI _ "_

"0

_I °IIi c_ ea

I. I - •

0 =-.2 _

_ _ '_" d c_ .-_

o_

AR 009554



E " _ , _.

ta o v_ I o

"=_ ° I ,I i I

- _:_._ _

•-- _ ll) 0 e-

, _... -_. _-

I_'EI) :

.__,_
° ° 3_:

_ _L

,_

AR 009555



_!_ _'l ,

- ":._

q,t *--

- _,_r_ "-= .-_
_ v

_s ("4

_" _ =_ ==-_':"•_.°

= _.__@ @

_, _ _o .

= _ _

m e-._ ._ _

AR 009556



BIBLIOGRAPHY

Hart Crowser Inc., 2000, Effects on Infiltration and Base Flow, Proposed Third Runway
Embankment, October 13, 2000

Pacific Groundwater Group, 2000, Sea-Tac Runway Fill Hydrologic Studies Report, June 2000

Parametfix Inc., 1999, Preliminary Comprehensive Stormwater Management Plan, November
1999

Parametfix Inc., 2000a, Preliminary Comprehensive Stormwater Management Plan, August 2000

Parametrix Inc., 2000b, Baseflow Analysis of Miller, Walker and Des Moines Creek Using
HSPF, December 2000

- Port of Seattle

Seattle-Tacoma Airport Master Plan Update
Low Streamflow Analysis

_4281601_STREAMFLOW ANALYSIS. DOC

AR 009557



I
I
I
i
i
I
!
I
I APPENDIX A
_ Comparison of Pacific Groundwater

and Hart Crowser Fill Modeling Approaches

I
I
I
I
I
I
I

[- Port of Seattle
Seattle-Tacoma Airport Master Plan Update

Low Streamflow Analysis

\_4281601\STREAMFLOW ANALYSIS.DOC

I AR 009558



Appendix A

Comparison of Pacific Groundwater and Hart Crowser Fill Modeling Approaches

Estimation of Recharge Generated at the Land Surface

8tud_,Fa___nr App_ro___h 81_nlflcance

PGG Steady monthly rates basedonlong-term Cmlme¢resolutionof precipitationinput,step-whrespecificationof changes in
monthlyaverages monthlyrecharge,donlml accountforhigh intensitystormevents.

PreGipitstion

HC 13-yur actmll endsyntheticdaily precipitation Finer resolutionof precipitationinput, poltnlys variabilitywithina givenmonth,
record simulateshighintensitystormevents.

Magnitudeconsistentwith HSPF modelingexceptfor tilland wetlandsurfaces.
PGG Assumedzeronmoff. However,runofffromtilland wetlandsurfaceshandled independentlyas

"rejectedrecherge"bys_e med_.
Runoff

HELP model usedSCS runoffcurvemethod. Not signiflc_mt_diflbrentthan PGG valuesfor HC modeledarm (lowerrunoff).HC
Vsiues rangefrom0 to 1 in/yr. HC modeldid not includeconditionsassociatedwith wetlandsoils.

BlaneyCdddla celculationw,I_mesdon Numbem arevery similarbetween methods.
PGG temperature, piont_j_ Ind latitudl.

PlmntET

SollCove_um modifiedPenman approach
HC basedon pllnt type,temperature, humidityand Numbersare verysimilarbetweenmethods.

sohlrnldhltion.

soilmoisturebalance, accountsforroot PGG rechige basedon monthlyaveragepreclpitstion,thereforepresentedas
PGG zone exbmdingintoshellowperchedwater monthlyIVereges. Allowsnegative rechargewhere plantstap the waterbible

bible, duringhot summer months.

Recharge
_ HC rechargercNithodIllOVWforveriibility _ dilly precipitationnumbere.

HC Daily soilmoisturebahince,watertable always Rechargegenenlllynotestimated for areaswhererootzone reacheswatertable
outsideof rootzone. (e.g. wetlands,oververyshallowtill).
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Appendix A
_- Comparison of Pacific Groundwater and Hart Crowser Fill Modeling Approaches

Modeling of 1-1:),Vertically Downward Flow in the Vadose Zone
Stud_ Factor Approach Si_nificance

Uses averagedcombinsticn ofsoil groupsforgeneral§|1. Generalized§ll did not allowcomparison betweenvariouslikelyfill
PGG Assumes instantaneousflowfor coarsesandand gravel(Group

la) properties,but assumeda representativecombination.
rangeofsail

types
Sepamtstysimulatesthreedifferent soilgroupsforembankmentfill Comparisonsoggeated littledifference invorticallydownward,1-0,HC as wellas naturaloutwashsoils. Doesnot assumeinstantaneous

unsaturatedflow betweenthreefill typesmodeled.
flow for sand andgravel (Grouplb)

PGG Based on Rosattadatabase andmethodsbyVan Genuchtenand
Maulem. HC approach same as PGG.

soilcheractadatic
curve

HC Based on Rnsatta databaseand methodsbyVan Genuchtanand PGG approach HC.same as
Maulem.

Assumesnoflow in gravellypockets. Rechargeinflowdistributed Moreaccuratelyrepresentsrole of gravelingeneralfill. MayPGG to non-gravellyportionsof soil. Exceptionfor Group la soils, overestimateimmediatewaterdeliveryin Group la soilsnearwall.whera flesh flow is modeled.
presenceof

gravelin soil
Adjustssoilproperties usedin charactedaticcurvegenerationfor Reducesthe intensityof rechargeloadingon unsaturated flow

HC presenceof gravel. Does notexcludeunsaturatedflow from pathw-ys. May cause additionaldampeningof rechargepulsedue
gravellycomponentof Moil. to a more "spreadout"moisturedistribution.

Reduces modelnmolutinnto monthlyrechargesteps. Avamge
PGG Step-wise, monthlyvalues, rechargevalues overa month,so that Octobervaluesare low

whereas (inactuality) lateOctober rechargeis high).
rechargeinput

HC Continuousdaily values. Better resolutionof rechargeinflow. May lead to moregradualascensionof 1-D flow It bottomofmodeledvedosa zone.

PGG Used Hydrus2D with 6-inch modelcalls. Well suiteddtsorattzationforunsaturatedflow problems.

discratizstionof
modelcells

HC Used HELP, which automaticallycreatesmodelcellsof Numericaldispersionassociatedwith thick modelcells may articlally"smear"out the recharge pulse, thusaReotingthe timing and
approximately17-footthicknessin bermfill. maximumintensityof dischargeatthe bottom ofthe vedoaszone.

Vedcee zone modeling not pedormedfor nativesoil, assumedthat
PGG small depthto watercauses negligiblelaggingand dampeningof Likelyminorunderestimationoflaggingand dampeningover5-foot

thicknessof the recharge pulse soildistance.
vedosazone in

nethtesoil
HC Modeled 5 feet ofverticaldownwardunsaturatedflow innative soil Estimatessome laggingand dampeningof rechargepulseover 5

usingHELP model, feet of soil. Cannot readilycompare with PGG data.

PGG Multiplesimulationsusedfor thicknessesrangingfrom30 to 150 Allowsrepresentationof differenttiming ofrecharge fromdifferent
feet. thicknessesof fill, to be summed upfor lateral,saturatedflow "slice

thicknessof model".

embankmentfill Single thicknessrepresentsconditionsalong oneportionof the
"ambtlnloTmntslice'. Multipleconditionsexpected. Datafrom singleHC All simulationsusethicknessof 100 feet.
thicknessdo not representcombined timing ofall rechargealong
slice.

Slice model simulatesvariableslopes andpermsabilltlesof native

PGG Usedas inputto slice model, soil aquifer,variable rechargeofvariable thickness embankmentfill,
applicationof and effectsof storageand flowaccumulationalongsaturated

predicted flowpathbeneathberm.

discharge Representativefor 100-footthick bermonly. Dischargein aquiferis
HC Presentedas dischargeto nativesoilaquiferbeneaththe berm. notcumulativeoverthe entirecross-sactionbeneaththe berm, and

doesnot allow for affectsof storageandflow accumulation.
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Appendix A
Comparison of Pacific Groundwater and Hart Crowser Fill Modeling Approaches

Modeling of Lateral Saturated Flow Towards Wetland and Miller Creek

8tu.J_/F=__or Approach Significance
IrnpomKI from 1-D unsaturatedflow VariIbis thicknessesandflow propertiesneededto simulatecombined

PGG modsling usingI varietyofbenn rechargeinputalongthe slice,and therofom to modelflow accumulation
thkdmess_, alongentireslice (withstorageeffects).

v_.y downw_d
inflow to watertable

Exerptedfrom I-D unsaturatedmodeling Slice model notperformed. Cumulativeflow alongsstumtedshallowHC usingi slngis bemn_ and variable aquifercross-sectionnot modeisd.
Idl propeltissforberm.

Basedon slope of _ sudIce Ind land Impommt_ gentleslope and lower pennmbility beneathwetland
PGG surface, andon diitomnt nativemstedals in ce,__,s,_-_,__groundaterRowto come to surface(existingcondition)or to drain

variationinslopeand uplandand we/land. (bulitcondition).

permeabilityof shallow
aquifer Becausewetlandwas not modeled, nogroundwaterflow is forced to the

HC AssumedconstInt, doesnot extendto lower sudIce (existingcondition)or to the drIin (builtcondition). Draindischarge
slope6and permeabities beneathwetland. equalszero.

PGG Modeledusingforwarddifference,finite Causes lags anddampeningofinflowfrom vadosezone to dischargeat toe
element approach, ofcross-sectionmodeI.

equiferstorageIlong
slice ind time lags foe

GW flow
lags and dampeningof inltowfromvadosezone to dischargest toe of

HC Not modeled, saturatedcross-sectionnot modeled.
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ANALYSIS OF INDIRECT IMPACTS TO WETLANDS
FROM SR 509 TEMPORARY INTERCHANGE
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Parametrix, Inc, ConsultantstnEngtneenngandEnvtronmentalSciences
5808 LakeWashingtonBlvd. N.E. Suite 200 Kirkland,WA98033-7350
425-822-8880 • Fax: 425-889-8808 • www.parametrix.com

0
MEMOltANDUM

To: Jonathan Freedman, U. S. Army Corps of Engineers

From: Jim Kelley, Wetland Ecologist

cc: Elizabeth Leavitt, Port of Seattle

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
176 th 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 176th Street overpass. The half-diamond interchange would consist of

an exit ramp from southbound SR-509 to South 176th Street and an entrance ramp from
176thStreet 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 (EIS) 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.
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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 ff high) retaining walls
are used to assure the project can be constructed on the existing road. Stormwater
detention facilities, water quality treatment facilities, construction 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 44 is located generally east of and Wetland 43 is generally west of SR-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 aider 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 176 thStreet. 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.
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Previous Earthwork
- SR-509 from milepost 22.98 to milepost 24.11 including the South 176th Street bridge,

was constructed in 1978. Generally, the section of road north of the South 176th Street
bridge is predominantly fill. Approximately 200 feet north of the South 176th Street
bridge SR-509, is constructed in a cut, which continues south of the bridge on both sides
of SR-509. A portion of the northbound temporary interchange will cross Parcels 496,
497, and 498. The steep slope along the north and western edges of these parcels suggests
that they are also fill materials. These parcels once contained a residence and a metal
outbuilding, which have recently been demolished.

The majority of the southbound portion of the temporary interchange will also be
constructed on the existing SR-509 fill trapezoid. However, as the temporary interchange
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 trapezoid and on the existing flUof Parcels 496,497, and 498.

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 176thStreet 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 176 th 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 176th 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 design the temporary interchange.

The south sub-basin is approximately 12.6 acres; it collects the roadway runoff from the
southern end of SR-509 to just north of the South 176thStreet 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
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southbound roadway is collected in a roadside ditch and combined with the runoff from
the northbound roadway in the storm sewer.

The middle sub-basin is approximately 20.7 acres and extends approximately 1,150 feet
north of the South 176th Street ow_'pass. 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
culvert crossing.

The north sub-basin is approximately 11.7 acres and extends approximately 1,300 feet
south from South 168thStreet. 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
culvert.

PROJECT DESIGN

The temporary interchange has been designed to avoid significant hydrologic and water
quality impacts to wetlands or Walker Creek. Hydrologic designs and their potential
impacts are discussed in the following sections.

New Groundwater Management
Drainage for the structural earth walls of the interchange will be the only new subsurface
drainage systems for this project. These will consist of "weep-holes" (see WL-1 and
WL-2 in the Attached Plan Sheets) that will allow the small amounts of water that may
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 176th Street bridge will be modified Coyadding a bypass pipe segment [see
Sheet D1]) 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 storrnwater 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 outfaU.

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
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Santa Barbara Unit Hydrograph 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 (0.67 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 aider 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 outfall (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 runoff on 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 (cfs)
Storm Event Existing Proposed

2-year 0.189 0.092

10-year 0.232 0.190

25-year 0.238 0.225

50-year 0.345 0.230
100-year 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 art
independent reviewer were received and addressed. The comments raised by the
independent reviewer were researched, and an independent evaluation by King County
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_::_. has indicated that the design meets the current detention and treatment requirements. The
stormwater conveyance system was analyzed using current WSDOT methods and is also
compliant.

The hydraulic design also meets the requirements for "No Effects" prescribed under the
WSDOT stormwatcr guidance concerning ESA agreed upon by NFMS.

The stormwater detention pond and biofiltration facilities will remain in place following
demolition of the temporary interchange; thus, the benefits derived from the stormwater
facilities will be permanent.

Construction stormwater_ sediment, and erosion control
A Stormwater Pollution Prevention Plan (SWPPP) details stonnwater management for
the SR-fi09 interchange during construction and operation (See Attached). These plans

identify the BMPs necessary to protect 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

configuration reduces the likelihood that, even if BMPs failed, significant amounts of
stormwater could concentrate and cause significant damage.

A proactive monitoring plan will be implemented to assure that all planned BMPs are

properly implemented and maintained. Monitoring of the BMPs during storms will

verify that they are effective and help identify maintenance needs to prevent potential
failures. Monitoring of BMPs includes the following actions:

• Inspection during and following construction to assure that they are 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 monitoring
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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• Minimizedisturbanceof vegetationand soilwhen installingand maintaining
sedimentanderosioncontrolmeasures,

• TreatunworkedareaswitherosioncontrolcovermeasuresaccordingtotheKing
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
stormwater detention pond at the north end of the project on the east side of the
embankment prior to 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 BMPs 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 stormwater 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 biological functions were examined. These functions determine the degree to which

the wetlands: (1) support resident and anadromous fish, (2) provide songbird habitat, (3)
provide waterfowl habitat, (4) provide amphibian habitat, and (5) provide small mammal
habitat. Four physical functions 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
ecosystemsinthePugetSound region(urbanandnon-urban),thefunctionalperformance
of thesewetlandswas evaluated.Functionalperformanceratingswere assignedas
follows:

High- The wetlandcontainsseveralimportantcharacteristicsrequiredtoperform

thefunction,and lacksindicatorsthatprohibitthefunctionfrom occurringinthe
wetland.

Moderate- The wetlandcontainsone ormore characteristicsrequiredtoperform
thefunction;however,severalofthesemay be secondaryindicators.The wetland

may containone or more characteristicsthatinterferewith or preventoptimal

performanceofthefunctioninquestion.

Low- The wetlandlackssignificantindicatorsthatthewetlandcouldperformthe
functioninquestion.One ormore indicatorsthatthewetlanddoes notperform
thefunctionaretypicallypresent.

Supportsresidentand anadromous fish.
Wetland 43 ratesasmoderateforthisfunctionbecausethewetlandhas persistentopen

waterthatisconnectedtoWalker Creek,itislikelythatthiswetlanddirectlysupports
residentfish.Walker Creekprovideshabitatforcoho salmon downstreamof Wetland

43. ESA listedfishspeciesarenotreportedinthecreekor Wetlands43 and 44. The
creekand wetlandsdo notprovidehabitatforlistedspeciesdue tothesmallsizeof the
creek,hydrologicconditionsinthewetlands,andlackofsuitablehabitatfeatures.There
areno historicalrecordsindicatinglistedspeciesonceusedthesehabitats.No salmonid
orresidentfishuseislikelyinWetland44,and itisratedlow forthisfunction.Wetland

44 has a seasonalhydrologicconnectiontoWetland43 viaa 36-inchdiameterculvert

underSR-509,butitdoesnotcontainsignificantfishhabitatdue tothelackofpersistent
surfacewater atsufficientdepth. Both wetlandsindirectlysupportfishby providing
hydrologicfunctions,asdescribedbelow.

Directimpactstofishhabitatwillnotoccurduringtheconstructionand operationofthe

temporaryinterchangebecauseno streamchannel,fishhabitat,orriparianareawillbe
modified.The 3d-inchdiameterculvertconnectionbetweeneach wetlandwillremain
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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, as explained in sections addressing project design, stormwater
management, and wetland protection strategies

Provides habitat for song (passerine) birds
Wetlands 43 and 44 provide moderate to high habitat for songbirds. The vegetation of
both wetlands provides multi-layered structure, standing dead snags, and abundant
sources of food for various songbird guilds. Because Wetland 43 is larger, contains a
greater number of habitat types, and contains areas more isolated from areas of human
use, it provides higher quality habitat than Wetland 44. However, the location of 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 currently present in the area. For example, the wetland adjacent to
the entire project already lies near SR-509, South 176th 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 result, 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 44 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.
Significant waterfowl habitat is not present in Wetland 44. 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
of human disturbance in this wetland.

Provides amphibian habitat
Wetland 43 rates as moderate to high for this function, while Wetland 44 rates as low for
this function. 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 will not alter wetland vegetation or
hydrology, no direct impacts to amphibian habitat will 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 _-

Wetland 43 and Wetland 44 are rated moderate to high for this function. 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.

Significant 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 cleating 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

i Thewetlandsdonotprovidesignificanthabitatforlargemammalsbecausetheyaretoosmallto
independentlysupportthehabitatrequirementsoflargemammalsfoundinwesternWashington.Large
mammals cannot use the wetlands because adjacent developmem and habitat fragmentation prevents
aCCeSS.
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...._ wetlands from human disturbance. The project will not create any new barriers that
would significantly alter movements of small mammals between the wetlands and other
areas of suitable habitat because the existing SR-509 roadway is already a significant
barrier to wildlife movement.

Exports organic matter
Both Wetlands 43 and 44 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
connection 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 temporary

- 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 infiltration
through the existing fill due to new impervious surfaces2.

Provides flood-storage and runoff de-synchronization
Wetland 43 rates as high and Wetland 44 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.

2 Infiltration into fill immediately adjacent to the wetland would not affect creek base flows because the

time of travel between the point of infiltration and downslope discharge site 10 - 50 feet away would be

very short. Therefore, the effect of reduced infiltration due to new pavement would not be significant.
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No directorindirectimpactswilloccurtothesewetlands'abilitytoprovideflood-storage

and moderate peak flows duringthe constructionand operationof the temporary
interchange,becauseno physicalmodificationtothewetlandwilloccur.Wetland area,

existinghydrologicconnections,wetlandtopography,and wetlandvegetationwillnotbe
alteredby theproject.

Enhances nutrient retention and sediment trapping

Wetland 43 rates as high and Wetland 44 rates as moderate for this function. Wetland 44
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 ravine,

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 wetland'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 from human activities or protection of water quality), because
significant woody vegetation is removed through periodic maintenance 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 waters of the

United States. Further, the proposed interchange project has been exhaustively evaluated
for potential 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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DEPARTMENT OF THE ARMY

SEATTLE DISTRICT, CORPS OF ENGINEERS
t-- P.O. BOX 37S5

SEATTLE, WASHINGTON 98124-3755

REPLYTO
ATrENTION OF

Regulatory Branch /_UG2 _ 2_00

Elizabeth Leavitt

Manager, Aviation Environmental Programs
17900 International Blvd., Suite 301
Sea-Tac WA 98188-4236

Reference: 1996-4-02325
Seattle, Port of

Dear Ms. Leavitt:

Enclosed is a copy of our Memorandum for the Record confirmingthe final jurisdictional
determination for your proposed SR 509 Temporary Interchange. We concur with the
boundaries as outlined inthe map submittedby Parametrix Inc. on your behalf, dated
June 15, 2000. Our concurrenceis also based on site visitsperformed by U.S. Army Corps of
Engineers (Corps) staff on May 25, 2000, and June 8, 2000, and preliminary field data
submittedby Parametrix on June 12, 2000.

This new informationwarrants revisionof the southern boundary of Wetland 44a,
previouslyconfirmed by the Corps based on the reviseddraft "Wetland Delineation Report,
Master Plan Update Improvementsfor Sea-Tac InternationalAirport",prepared by Parametrix

- Inc., dated August 1999. This wetland delineationconfirmation revision may be appealed if you
so choose. Enclosed is the March 9, 2000, administrativeappeal rule package.

The most recent plans for the proposed SR 509 Temporary Interchange, dated
May 3, 2000, includethe discharge of fillmaterial into0.011 acres, or approximately 500 square
feet of a jurisdictionalwetland. We will analyze this additionalimpact together with all of the
project impactsfor the Sea-Tac Master Plan update project in making a permit decision. You
are not authorized to proceed with the work outlinedin the SR 509 Temporary Interchange
plans before we reach a permit decision for the entire project. If you decide to redesignthe
projectto avoid Corps jurisdiction,please submitnew project plans to the Corps for review.

For your information, when the Corps has completed revisingthe originalMemorandum for
the Record for 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 Project

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 project 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 ch Street, prepared by the Port of

Seattle, dated March 1, 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 Surien 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 HNTB

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 Columbia Biological Assessments (Sea-Tac

International Airport SR-509 Temporary Interchange at S 176 _h

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 Parametrix, dated June 12, 2000.
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_ A series of e-mail exchanges between Ecology, the Corps, and

King County (King County is the lead on reviewing the Port's

most recent Stormwater Plan for the 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 project 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 summer of 1998, we were

not made aware of any construction impacts (either direct or

indirect) that were proposed or anticipated in this area.

3
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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.

May 2_, 2000. 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
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construction of SR 509 (see more discussion below in

jurisdictional 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 1999),

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 HNTB,

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 (Gail Terzi, Tom Mueller, Geoff

- Mueller), EPA (Steve Roy, EPA attorney - Deborah Hilsman),

Port (Elizabeth Leavitt, Tom Walsh - Port attorney),

Parametrix (Jim Kelley), and HNTB engineer (Jim Soukup) all

visited the site. During this site visit, 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.
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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 upslope (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

7
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APPENDIX I

STORMWATER DETENTION POND DESIGN
FOR THE MILLER CREEK BASIN

AR 009593



POND PLAN AND PROFILES
Plan Ref. No, Sheet Title

C131 POND F PLAN
C132 POND F PROFILE
C133 POND D OUTLET'PLAN'

C133.1 POND D PLAN ._
C134 POND D PROFILE

C134.1 iPOND D"SECTIONS
C135 POND G PLAN

C135.1 :PONDG MISCELANEOUS PROFILES
C136 ,POND (3 PROFILE
C137 'POND 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 B_,SIN VAULT .(NEPL) PLAN AND PROFILE,,,

k C148 SDN1 BASIN VAULT PLAN AND PROFILE

C149 SE)N6 BASIN (CARGO) VAULT PLAN AND PROFILE
C150 SDN3A BASIN VAULT C1 AND C2 PLAN AND PROFILE
C151 SDN1A BASIN VAULT G1 PLAN AND PROFILE
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_ FEASIBILITY OF STORMWATER INFILTRATION
THIRD RUNWAY PROJECT,

SEA-TAC INTERNATIONAL AIRPORT

SEATAC, WASHINGTON

SUMMARY

Infiltration tests have been performed for selected sites on the west side of the

proposed runway embankment to evaluate the feasibility of infiltration as part of
the Stormwater Management Plan (SMP) for the Sea-TacThird Runway project.

The testing performed to date shows infiltration is feasible in two of the areas
tested (Areas 1 and 3). Preliminary design infiltration rates have been developed
from the field tests using methods stipulated by King County (1998) as listed in
Table I. Based on these results, potential infiltration capacities (in cubic feet per

second [cfs]) at the individual sites have been developed for nominal 8-foot-wide
infiltration trenches totaling 400 feet in length:

I_ Infiltration Area I can accommodate stormwater disposal at an average rate

of 0.30 cfs; and
I_ Infiltration Area 3 can accommodate stormwater disposal at an average rate

of 0.I 5 cfs.

Additional trenches may be located in these areas to increase infiltration

capacity, depending on site logistics.

These data are suitable for conceptual infiltration facility design. The infiltration

capacity of any site will depend on the detailed design and layout (i.e., area and
elevation) of the infiltration facility, and the degree of variability in soil conditions

beneath the facility. Additional infiltration tests and soil borings will be needed
to meet all the requirements of the King County Surface Water Design Manual

(I 998) and should be completed once provisional footprints of the facilities are
established.

This report summarizes design requirements for infiltration facilities, field data
collection performed by Hart Crowser, and results of our work to date for
Infiltration Areas 1 and 3.

INTRODUCTION

As a result of increased stormwater storage capacity requirements in the SMP,

Hart Crowser was tasked to investigate potential sites for infiltration of detained

Hart Crowser Page 1
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stormwater on the west side of the proposed Third Runway project area (see
Figure I 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

infiltration capacity. Locations of the detention ponds and Infiltration Areas I, 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 _ 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 EPAfalling 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 Page 2
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- - Design 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-generating surfaces:

• Provide water quality treatment prior to infiltration; or
• Demonstrate that the soil beneath the infiltration facility has properties which

reduce the risk of groundwater contamination from typical stormwater
runoff.

Other Engineering 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 siteto establish the feasibility of

infiltration. Engineering aspects and site logistics will 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 less than 4 to 5
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 while consistently

maintaining a head between 5.5 and 6 inches in both rings until a relatively

Hart Crowser Page 3
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_ constant rate was obtained. Pre-soaking the test area is not required; however,
to limit the amount of inconsistent readings at the beginning of the test, a

pre-soaking 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

measurement. A minimum of four hours or overnight pre-soaking of the test

zone was performed.

The seasonal high groundwater level was estimated by measuring current

groundwater levels in existing or 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 infiltration tests and soil borings at one pond location and
three potential infiltration areas:

• Pond G;

• Infiltration Area 1 (between Pond C and Pond G);
• Infiltration Area 2 (south of Pond G); and

• Infiltration Area 3 (northwest of Pond D).

Results of 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 (3 and Area 2 proved

to be unfeasible due to low permeability soils and/or high groundwater levels.
Logsof 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

Hart Crowser Page 4
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_ infiltration rates for each area, factored by our estimate of the appropriate

correction factors, as stipulated by King County (I 998). However, given the

variability of the soils encountered 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 facility-specific testing, the actual geometry of

the proposed facilities, and additional design adjustments to provide an
adequate "factor of safety."

Finalmeasured infiltration values will be recommended for the design of the

proposed facilities after completion of the additional borings and tests needed to
fulfill KCSWDM requirements.

Infiltration Area 1

Investigative explorations show a consistent slightly silty fine to medium sand
occurring across the site. The sand unit starts just 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, durin 8
November 2000, had an elevation of 268.5 feet. Table 4 lists the seasonal water

_ level variations for two comparable wells east of Infiltration Area I with water
level records that include 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 high water level for

HC00-B333 is 273.1 feet (approximately 8 feet below ground surface).

The locations tested exhibited mediumto high infiltration capacities ranging

from 4.6 to 20.4 in./hr. Results are summarized in Table I.

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 I may be expected to
infiltrate 0.30 cfs of stormwater from SMP area SDWI A.

Infiltration Area 3

Three test pits revealed varying shallow soil composition. The northern two test

pits (HC00-TP338 and HCO0-TP339) encountered silty fine to medium sand at
elevations between 297 and 308 feet. Test pit HCOO-TP337in the southern

portion of the site revealed dry silt from 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) suggests that 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 silty sand deposit and provided moderate infiltration rates
of 7.5 and 5.0 in./hr. 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 SDWl B. 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-assessment of slopestability would likely be required for
construction of an infiltration facility in Area 3.

Hart Crowser Page 6
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CONCLUSIONS

The results of our soil borings and infiltration tests show that Areas I 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 infiltrationfacilities will necessitate full

consideration of relevant engineering requirements as outlined in the KCSWDM.

Sincerely,

HARTCROWSERpINC.

ROBERTO. MIDDOUR

Project Hydrogeologist

t'*"" s"_/oI I I_x.,._s..-/.._/./ I

MICHAELA.P. KENRICK,P.E. MICHAELJ. BAILEY,P.E.
Senior Associate Hydrogeologist Project Manager

F:\Docs_Jobs\497806\ST3 RWestl nflltRpt( rev).doc
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Table 3 - Falling Head PercolationTests Sheet1 of 2

Location ID Test Elapsed Change in Percolation SoilType
Number Time Head Rate

in rain in feet in in./hr

Infiltration Area 1

HC00-B327A I 2 0.06 21.60 Slightly silty,
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

5 0.14 20.16

HC00-B328A 1 2 0.02 5.40 Slightly silty,
5 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 0.11 7.92

497806/3rd_infil_tests.xlsTable 3
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Table 3 - Falling Head PercolationTests Sheet2 of 2

Location ID Test Elapsed Change in Percolation SoilType
Number Time Head Rate

in min in feet in in./hr
Infiltration Area 1

HC00-B329A 1 2 0.05 16.20 Slightly silty,
5 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 18.00

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
15 0.37 17.76
20 0.49 17.64

4 2 0.O6 21.6O
5 0.14 20.16
10 0.26 18.72
15 0.39 18.72

PondO

HC00-B310A 1 30 0.01 0.24 Slightly silty,
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

497806/3rd_infil..tests.xlsTable3
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Vicinity Map
I

See Figure 2

See Figure 3

Outline of Proposed
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APPENDIX A
EXPLORATION LOGS

I
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Key to Exploration Logs
Sample Description
Class[fication of soils in this report is based on visual field and laboratory observations which include density/consistency,

moisture condition, groin size, and plasticity estimates and should not be construed to imply field nor laboratory testing

unless presented herein. Visual-manual clossificaUon methods of ASTM D 2488 were used as on identification guide.

Soil descriptions consist of the following:

Density/consistency, moisture, color, minor constituents, MAJOR CONSTITUENT, additional remarks.

Density/Consistency
Soil density/consistency in borings _s related primarily to the Standard Penetration Resistance.
Soil density/consistency in test pits is estimated based on visual observation and is presented parenthetically on the test pit lags.

Standard Standard Approximate
ShearSAND or GRAVEL Penetration SILT or CLAY Penetration

Reeietanc_ (N) Resistance (N) Strength
Density in Blows/Poot Consistency in Blows/root in TSF"

Very loose O - 4 Very soft 0 -- 2 <0.125

Loose 4 - 10 Soft 2 - 4 0.12.5- 0.25

Medium dense 10 - 30 Medium stiff 4. - 8 0.25 - 0.5

Dense 30 - 50 Stiff B - 15 0.5 . 1.0

Very dense >50 Very stiff 15 - 30 1.0 - 2.0

Hard >30 >2.0

Moisture Minor Constituents Estimated Percentage

Dry Little perceptible moisture Not _dentified in description 0- 5

Damp Some perceptible moisture, probably below optimum Sl.ightly (clayey, silty, etc.) .5- 12

Moist Probably near optimum moisture content Clayey, silty, sandy, gravelly 12- 30

Wet Much perceptible moisture, probably above optimum Very (clayey, silty, etc.) 30 - 50

Legends Test Symbols

Sampling Test Symbols Gs GroinSizeClassification
CN Consolidation

BORING SAMPLES
UU Unconsolidated Undrained Trioxiol

] Split Spoon
CU Consolidated Undrained Trioxiol

] Shelby Tube CD Consolidated Drained TriaxioT

FFm Cuttings QU Unconfined Compression

] Core Run DS Direct Shear

NO Sample Recovery K Permeability
PP Pocket Penetrometer

P Tube Pushed, Not Driven Approximate Compressive Strength in TSF

TEST PIT SAMPLES TV Torvane

[] Grab (Jar) Approximate Shear Strength in TSF

CBR California Bearing Ratio

] Bag
MD Moisture Density Relationship

] Shelby Tube AL Atterberg Limits

I : I Water Content in PercentI I

Groundwater Observations l [__L_ Not.,o_L_q=i_um_tPlastic L_rnit

Surface Seal PIP Photoionizotion Detector Reading

CA Chain{col Anolys{s

c_ V Groundwater Level on Date
_= DT In $itu Density Test
q (ATD) At Time of Drilling

DC

mo Observation Well Tip or Slotted Section

; (_) Groundwater Seepage
'_ . (Test Pits) _r__

J-4978-06 11/00
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Boring Log HCOO.B327
STANDARD PENETRATION LAB

Depth RESISTANCE TESTS
Soil Descriptions inFeet
Ground Surface _ in Feet: 276.1 Sample • Blowsper Foot1 2 5 10 20 50 100

-0
Medium dm'lse, moist, bro_nl, slightly silty,
fine to medium SAND, grading to dighUy
gravelly,fine to medium SAND.

S-1

s-2

5

_b

Medium dense, moist, gray, slightlygravelly,
verysilty SAND. S-4 ,,

Bottomof Boringat 9.5 Feet.
Completed11/10/00. 10

15

t_

20

O

o

1 2 5 10 20 50 100

BITE
IMI

WS-ER
1. Refer to FigureA-1 forexplanationof desoriptionsand symbols.
2. Soil descriptionsandsb'alzlmlinesare interpretiveandactualchanges may J-4978-06 11/00

be gradual.
3. Groundwaterlevel,if indicated,is attimeof drilling(ATD)or fordate F/gure A-2

specified. Levelmay varywi_ time.
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Boring Log HCOO.B328
- STANDARD PENETRATION LAB

De_h RE.STANCE TESTS
Sdl Descriptions in Feet
Ground Surface BevatJonin Feet: 275.4 Sample • Blowsper Foot1 5 10 20 50 100

Medium dense, moist, brown, slightlysilty, ,-0 I
fine to medium SAND. - I

S.1

i

s-2 _

I

15
_.3

I

Loom, moist, brown, dightly gravelly, very
silty, medium to ¢o='ee SAND, I

S-4
!

Bottomof Boringat 9.5 Feet.

_mpl_<111/10/00. 1 10
i -

I
I

.... i

' 1
- !

i
15

I

- i
8 I

i '2O _

- I

= 25
1 2 5 10 20 50 100

HAMEW$-ER
1. Refer to Figure A-1 for explanaUonof descriptionsand symbols.
2, Soil descriptionsand stratumlinesare interpml_veandactualchanges may J-4978-06 11/00

be gradual.
3. Groundwaterlevel,if indicatKl, is at timeofdrilling(ATD)or fordate _/_ure A -3

specified. Leve_mayvarywi_ time.
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Boring Log HCOO.B329
STANDARD PENETRATION LAB

Depth RESISTANCE TESTS
S01]Des_U0rls inFeet Sample • BlowsperFoot
GroundSurfaceBovaaS_nin Feet:280.1 1 2 S t0 20 50 100

" "0

Mediumdense,moist,brown,dighUysilty,
finetomediumSAND.

S-1

,5-2

5

L__,:,:_e__,moist,brown,slightlygnwsily,wry
silty,fine to mediumSAND.

S-4

Bottomof Boringat 10.0Feet. 10
Completed11/10/00.

15

,o

g

_ 25 I 2 5 10 20 50 100

N
U

1.RefertoFigureA-1forexplanaldonofdescriptionsandsymbols.
2. Soildeschp_onsandsntum linesareinterpreldveandactualchangesmay J-4978-06 11/00

begradu_. Figure A.43. Qroundwa_rlevel,ifindica_d,isat trneofdrilling(ATD)orfordate
specified.Leve4mayvarywt_ _me.

AR 009640



Monitoring Well Log HCOO-B333
- STANDARD PENETRAllON LAB

RESISTANCE TESTS
SOil Dec=cripUorts in Feet

3roundSurface BevaUon in Feet: 280.9 Sample • Blowsper Foot1 2 5 10 20 50 100

L___'__,moist, brown, slightly_'avslly, _ightly
dty, medium to fine SAND. ]_

i

V

m

Loose, moist, brown, medium to coarse V
ASAND grading to gray slightlygrandly, very

dayey, fine to medium SAND.

.J
\

Medium den=m,moist, brown, slightlygravelly, -'_ \

silty, fine to medium SAND. AV

J X
\

Hard, moist, gray, very sandySILT.

X \

Very dense, moist, gray, very silty,fine to
medium SAND.8

N m

I--
O

, S-9
u Bottom of Boring at 20.8 Feet.
2:

i Completed 11115/00.Top of Casing Elevation in Feet: 283,49

_' 25
1 2 5 10 20 50 100

n
r- T-

HaRTEOWS-ER
1. Refer toFigureA-1 forexplana_onofdascdptJonsand symbols.
2. Soildescriptionsand stratumlinesare interprstJveand actualchanges may J-4978-06 11/00

begradual.
3. Gmundwsterlevel, if indicated,is at Orneofddlling(ATD) or fordate F/gure A-5

specified. Level may varywi_ time.
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Test Pit Log HCOO-TP337
Semple Depth SOiLDESCRIPTIONS

in Feet GroundSurfaceElevatlonin Feet:309.2
0-

(Soft), moist, brown SILT.
i-
z-

(Mediumst_f),dry,lightbrownanddarkbrownSILT,
s-1 3-"

4"
5-"
s-
T-"

(Hard), dry, light brown SILT.
s-2 8-"

9 - Bottom of Exploration at 8.5 Feet.
Completed 11/09/00.10

Test Pit Log HCOO-TP338
Sample Depth SOiL DESCRIPTIONS

in0Feet GroundSurfaceElevationin Feet: 304.9
(Loose), moist, black and brown topsoil.

I - (Stiff), moist, gray and brown SILT.
2-"
3-" (Loose), moist, brown, slightly silty, fine to medium SAND.

S-1 --X 4-

s-
6-
7_
8_

Bottom of Exploration at 8.0 Feet.
9" Completed 11/09100.

10

Test Pit Log HCOO.TP339
Sample Depth SOILDESCRiPTiONSinFeet GroundSurfaceElevationinFeet: 311.7

o=°_O I 01_- (Soft to stiff), dry, Dightbrown SILT.o, 2:
¢_ S-1

_'z _ 4-3- (Loose), damp, brown, slightly silty, fine to medium SAND.i s-2 5-
w

'" 8-" (Hard), damp, gray and brown SILT.n
U_
O 9- Bottom of Exploration at 8.5 Feet.
o, Completed 11/09/00.

10

R
U

1. Refer to Figure A-1 for explanationof descriptionsand symbols.
2. Soil descriptionsand stratumlines are interpretiveand actualchangesmay J-4978-06 11/00

be gradual.
3. Groundconditions,if indicated,are at time of excavation. Conditionsmay Figure A-6

vary with time.
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APPENDIX K

IWS LAGOON #3 EXPANSION FOOTPRINT
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