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PGIS Pollution-gcmmfing imperviousmitface

Port PortofSeattle

RDF Regionaldetentio_facility

RM Rivermile

ROW Right-of-way

RPZ Runwayprotectionzone

RSA RunwaySafetyAreas

SAMP SpecialAreasManagementPlan

SASA SouthAviationSupportArea

SCS Soil ConservalionService

SDS Stormwaterdrainage system

SR StateRoute

STEP SouthTermlrmlExpansionProject

STIA Scattlc-TacomalnmmafionalAirport

STS SatelliteTransitShuttle

SWPPP StormwaterPollution_cvcnfion Plan

TESC Temporaryerosionand sedimentcontrol

USDA-WSD UnitedStatesDepartmentof Agriculture-WildlifeServicesDivision

USFWS U.S. Fishand Wildlife Service

USGS U.S.GeologicSurvey

VFR Visual FlightRule

WAC Washington Adrnini._atJvcCode

WDFW WashingtonStateDepartmentofFish and Wildlife

WHMP Wildlife HazardManagementPlan

WRIA WaterResource InventoryArea

WQC Water QualityCertification

WQS WaterQuality Standard

WSDOT WashingtonState Dcpamncnt of Transportation
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EXECUTIVE SUMMARY

As currently configured, Seattle-Tacoma Intemalional Airport (STIA) is unable to efficiently meet
existing and future regional air travel demands. In _nge to growth forecag_ for pa_enger and
cargo volumes at STIA, a variety of facility improvements are planned to meet travel demands in
the Puget Sound Region and reduce aircraft arrival delays during poor weather. These
improvements were developed through a master planning process, then updated to reflect revised
growth forecasts for passenger use. Some of the planned improvements will cause unavoidable
impacts to wetlands, streams, floodplains, and drainage channels within the project area. This
Natural Resource Mitigation Plan (NRMP) describes the actions that the Port of Seattle (Port) will
implement to mitigate for unavoidable wetland and stream impacts associated with Master Plan
Update improvements.

The STIA Master Plan Update improvements will affect wetlands, streams, floodplain, drainage
channels, and stormwater in the Miller and Des Moines Creek basins. To construct the projects, fill
material would be permanently placed in approximately 980 linear fl of Miller Creek,
approximately 5.24 acre-fl of the Miller Creek 100-year floodplain, approximately 18.37 acres of
wetland, and about 1,290 linear fl of drainage channels. About 2.05 acres of wetland impact would
occur during construction, with these wetlands being restored following construction. 1 In addition,
new impervious surfaces will affect stormwater runoff and water quality conditions.

Mitigation is planned for on-site and off-site areas. The on-site mitigation areas are not expected to
mitigate impacts to avian species2 that pose aircraft safety concerns. A critical need of the
mitigation projects is to restore wetland and stream buffer functions in a manner that avoids creating
new avian wildlife hazards and reduces existing avian wildlife hazards.

Consistent with federal and state mitigation requirements, this plan describes actions the Port will
take to:

• Avoid and minimize impacts to wetlands and streams by reducing impact areas. Impact
area will be reduced by using retaining walls to minimize fill impacts, locating stormwater
detention in uplands, and avoiding wetlands in borrow areas.

•" Restore temporary impacts to wetlands caused by project construction, including
construction of stormwater management facilities.

• Compensate for the impact by providing in-kind mitigation that replaces ecological

functions lost by filling wetlands and streams. Compensato_ mitigation will restore and
enhance ecological and hydrologic functions to over 177 acres ° of land to be protected with

The Port hasbeenaskedby EcologyandtheArmyCorpsof Engineersto mcreasetheamountof mitigationfor both
temporaryandpermanentimpactsthat typicallylast for severalyears. This increasedmitigationatWetlandA17 is
includedmthisplan.

2Avianhabitatfunctionswill be replacedby creatingand restoringwetlandhabitatsat an off-sitelocationm Auburn.
Non-avianwildlifeusingmitigationsitesarenota haTnrdto aircraftsafetyunlessthey attractavianpredators,ormove
ontoactiverunways.

3IncreasedmitigationrequestedbytheCorpsof Engineersat twoon-sitelocationsis reflectedin thisvolume.
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restrictive covenants. To comply with Federal Aviation Administration requirements
regarding wildlife attractants near airports, off-site mitigation is planned to replace wildlife
habitat functions the impacted wetlands currently provide. On-site mitigation is planned to
replace the other functions provided by the impacted wetlands.

• About 112 acres of the mitigation occurs on-site, restoring natural wetland and stream
conditions to currently developed portions of the Miller and Des Moines Creek basins.
Elements of the on=site mitigation will replace the impacts to wetland functions caused by
the project and will:

• Restore and enhance riparian wetlands adjacent to Miller and Des Moines Creeks

• Restore and enhance salmon habitat

• Enhance stream buffers

• Remove existing land uses that aredetrimental to adjacent wetlands and streams

• Protect water quality and stream hydrology

• Over 65 acres of mitigation to replace wildlife habitat function will occur at an off-site
mitigation area in Auburn, where existing degraded wetlands and abandoned farmland will
be restored to a high quality, diverse wetland ecosystem.

A complete description of the goals and objectives of each mitigation project are described in this
report. For each mitigation project, an engineering and landscape design is presented and discussed.
This NRMP also provides detailed performance and monitoring standards, which as permit
requirements, will be enforced by permitting agencies to assure that the projects are constructed as
designed, periodically evaluated for success, and adaptively managed. Monitoring and adaptive
management will ensure that the hydrologic and ecological benefits described in the plan are
ultimately achieved.

Overall, the Master Plan Update improvements design and mitigation will protect wetlands and
aquatic resources following guidance provided by state and federal protocols, incluclmg Regulatory
Guidance Letter (RGL) 01-1 (ACOE 2001). The substantial mitigation described here compensates
for identified impacts to hydrology (peak flow and low flow), water quality, wetlands (temporary,
permanent filling, and indirect), and streams. This mitigation prevents cumulative impacts
attributable to the proposed actions from occurring.
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1. INTRODUCTION

In response to growth forecasts for passenger and cargo volumes at Seattle-Tacoma International
Airport (STIA), a variety of facility improvements are planned to meet the air transportation needs
of the Puget Sound Region and reduce aircraft arrival delays during poor weather. These
improvements were developed through a master plan process, then updated to reflect revised growth
forecasts for passenger use. The Master Plan Update projects have been planned to minimize
impacts to wetlands and streams. However, some of the planned improvements will cause
unavoidable impacts to wetlands, streams, floodplains, and drainage channels within the project
area. This Natural Resource Mitigation Plan (NRMP) describes the mitigation actions that the Port
of Seattle (Port) will implement to mitigate potential unavoidable wetland and stream impacts
associated with Master Plan Update improvements. Actions taken to mitigate potential stormwater
and water quality impacts due to the proposed projects are summarized in this plan (Section 6); and
are described in detail in the Comprehensive Stormwater Management Plan for Seattle-Tacoma
International Airport Master Plan Update Improvements (Parametrix 2000a, 2001a). This NRMP
describes actions that will be implemented according to all conditions of the Section 401 Water
Quality Certification (WQC) (Ecology 2001a).

The mitigation plan includes two major elements: (1) mitigation actions (described in Sections 1
through 7 of this document), and (2) detailed plan sheets that graphically depict the mitigation
design (included as Appendices A-F of this report). Compensatory mitigation has been proposed to
occur on approximately 177 acres, with about 112 acres of on-site mitigation within the Miller and
Des Moines Creek basins and about 65 acres of off-site mitigation at the Auburn mitigation site.
This mitigation plan and the mitigation designs have been revised in response to: (1) comments
received on the Public Notice of September 1999 and December 2000 regarding the type and
amount of mitigation, and (2) issues raised by the Washington State Department of Ecology
(Ecology), the U.S. Fish and Wildlife Service 0dSFWS), the U.S. Environmental Protection Agency
(EPA), the Washington State Department of Fish and Wildlife (WDFW), the City of Auburn, and
the U.S. Army Corps of Engineers (ACOE) on previous drafts of the mitigation plan. The plan
describes specific actions taken to:

• Avoid and minimize impacts to wetlands and streams.

• Replace wetland functions on-site to the maximum extent practicable by restoring and
enhancing wetlands in the Miller and Des Moines Creek basins, where compatible with
airport operations, and where restoration will reduce wildlife attractants near the airport.

• Enhance and restore stream habitat functions through buffer restoration and instream
habitat enhancement.

• Restore wetland functions and create new, high quality wetlands off-site to replace avian
habitat functions in compliance with Federal Aviation Administration (FAA) Advisory
Circular 150/5200-33.
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The compensatory mitigation plan includes both on-site and off-site mitigation projects including:

On-Site

• Vacca Farm restoration -- Miller Creek channel relocation and enhancement, wetland and

floodplain restoration, and buffer enhancement

• Miller Creek instream habitat, wetland, and riparian buffer enhancements

• Restoration of temporary construction impacts

• Replacement of drainage channels adjacent to Miller Creek

• Tyee Valley Golf Course wetland mitigation and Des Moines Creek riparian buffers

• Trust funds for stream restoration projects in the Miller and Des Moines Creek basins

• Riparian wetland and buffer restoration at the Des Moines Way Nursery site

Off-site

• Wetland restoration, enhancement, and creation in Auburn

1.1 PURPOSE AND NEED FOR THE PROJECT

As currently configured, STIA is unable to efficiently meet existing and future regional air travel
demands. The airfield operates inefficiently during poor weather because it accommodates aircraft

in a single arrival stream only. 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 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 Final Environmental Impact Statement (FEIS) and Final
Supplemental Environmental Impact Statement (FSEIS) for the Master Plan Update projects (FAA
1996, 1997a).

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

While STIA currently has sufficient operation capability during good weather conditions, the
existing runway capabilities cause arrival delays during poor weather. For instance, when weather
worsens from Visual Flight Rule (VFR) 1 to VFR 2, average arrival delay increases by more than
ten fold (from 1 minute to 11.4 minutes). Delays further worsen when Instrument Flight Rule (IFR)
1/2/3 conditions occur. In these cases, average arrival delay increases more than twenty fold over
VFR 1 (from 1 minute to 21.7 minutes). Because these statistics represent averages, some flights
experience less delay, while others experience greater delays. The FAA's National Plan of
Integrated Airport Systems concludes that when annual average delays exceed 9 minutes, an airport
is experiencing severe delay.
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Using average aircraft operating costs developed by the FAA, STIA aircraft delays are estimated to
cost the airlines about $42 million annually under 1992 demand levels. When annual aircraft

operation_ reach 425,000, delay costs are anticipated to exceed $176 million annually. Without the
third parallel runway, at this level of activity, average VFR 2 arrival delay would exceed 40 minutes
and IFR delay would exceed 70 minutes. A third parallel runway, located 2,500 ft west of the

existing 16R/34L runway, would permit staggered dual-stream arrivals in poor weather conditions.
It would decrease average arrival delays by about 80 percent compared to taking no action, and
result in a savings of $132 million per year.

Based on this analysis, and as a result of planning for the Master Plan Update improvements, the

Puget Sound Regional Commission and other regional officials have identified the following needs
for STIA:

• Improve the poor weather airfield operating capability (over 85 percent of total STIA delays
are incurred by aircraft arriving during poor weather).

• Provide sufficient runway len_th to accommodate warm weather operations and payloads
for aircraft types operating to the Pacific Rim.

• Provide Runway Safety Areas (RSAs) that meet FAA standards.

• Provide efficient and flexible land-side facilities to accommodate future aviation demand.

1.2 PROJECT LOCATION

STIA is located within the City of SeaTac in King County, Washington, situated 12 miles south of
downtown Seattle (Sections 20, 21, 28, 29, 32, and 33, Township 23N, Range 4E; and Sections 4
and 5, Township 22N, Range 4E, W.M.) (Figure 1.2-1). On-site mitigation projects are located in
the vicinity of STIA, while the off-site mitigation project is located southeast of STIA in the City of
Auburn, Washington (Figure 1.2-1).

Mitigation for the Master Plan Update improvements is proposed on land currently owned by the
Port within the acquisition area at STIA (Figure 1.2-2) or at the site in Auburn, Washington, which
the Port has owned since 1995 (see Figure 1.2-1). The Auburn mitigation site is located on the west
side of the Green River and south of South 277 thStreet (SEIA Section 31, Township 22N, Range 4E,
W.M.)

The Port is also proposing to establish two trust funds to be used to support local stream restoration
efforts in both the Des Moines and Miller Creek basins. Stream restoration projects may occur on
property not owned by the Port.

1.3 PROJECT DESCRIPTION

The Master Plan Update improvements include construction activities that will fill approximately
18.37 acres of wetlands in the Miller Creek 4 and Des Moines Creek watersheds. Master Plan

4References to Miller Creek watershed include Walker Creek.
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Update improvement projects are summarized in Table 1.3-1. Elements of the project that will
result in wetland, floodplain, stream, and drainage channel impacts include the following:

• Adding an 8,500-ft-long third parallel runway (16X/34X) with associated taxiway and
navigational aids

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

• Relocating South 154thStreet north of the extended RSAs and the new third runway

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

• Using on-site borrow sources for the third runway embankment

• Relocating, redeveloping, and expanding support facilities (passenger terminal facilities,
stormwater facilities [including outfalls], electrical substations, utility corridors, etc.)

These elements of the project are described more fully below.

Table 1.3-1. Proposed Master Plan Update improvement projects at Seattle-Tacoma International Airport.

Project Description

Runway and Taxiway Projects

Property Acquisition, Street Includes purchasing property and demolishing existing structures between
and Utility Vacation existing STIA boundary west to Des Moines Memorial Drive and State Route

(SR) 509. Required for third runway embankment fill and construction impact
mitigation. Acquisition and demolition is also required for the south runway
protection zone (RITZ).

Embankment Fill Embankment for third runway, constructed using imported fill. Approximately
16.5million cubic yards (cy) will be placed over a 5- to 7-yeax period. Existing
roads and streets under embankment footprint will be removed.

Interconnecting Taxiways New connecting t_tiways between existing runway and third runway. Project is
located on existing airfield, requiring only minimal grading.

Runway 16X/34X Paving of third runway after completion of embankment fill.

Extension of Runway 34R Extend runway by 600 ft for improved warm weather and large aircraft
by 600 ft operations. Project is located at the southern end of the east runway.

Additional Taxiway Exits Construction of new ramps to the existing terminal apron.
on 16L/34R

Dual Taxiway 34R Improvements to taxiways serving the South Aviation Support Area (SASA) and
south apron.

Borrow Sites

Borrow Sites Sources of fill for third runway embankment, located on STIA property south of
the airport. Approximately 6.7 million cy of material will be excavated from
three sites and transportedacross airport property to the embankment.

Runway Safety Areas

Runway 34R Safety Fill Extend runway safety fill to meet FAA standards.

RSAs 16R/16L Extend safety fills by 1,000 ft to meet FAA standards.

Relocation of Displaced Airfield taxiway improvements. The runway threshold (i.e., the emergency
Threshold on Runway 16L landing pad at end of runway pavement) to be relocated onto new RSA.
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Table 1.3-1. Proposed Master Plan Update improvement projects at Seattle-Tacoma International Airport
(continued).

Project Description

IVfillerCreek Sewer Relocate sewer aroundthirdrunway embanknumt and runway safety fills. New
Relocation sewer will run along new ali_ment of South 154" Street.

FAA Navigation Aids (NAVAIDS)

New Airport Traffic Control New air traffic control tower will be located in existing developed area near
Tower terminal.

RelocateAirport Existingradarandnavigationequipmentwillberelocatedtoallowconstructionof
Surveillance Radar (ASR), third runway.
Airport Surface Detection
Equipment (ASDE),
NAVAIDS

Airfield Building Improvements

New Snow Equipment New building to houssesnow removal equipment.
Storage

Weyerhaenser Hangar Relocate existing hangaron west side of airfield to allow construction of third
Relocation runway. New hangarwill be located near south end of third runway.

Terminal/Air Cargo Area Improvements

Relocation of Airborne Relocate existing cargo building from air waffic control tower site to north cargo
Cargo are& Located in existing developed areanear terminal.

Central Terminal Expansion Passenger terminal remodel. Located in existing developed area at terminal.

South Terminal Expansion Passenger terminal remodel. Located in existing developed area to the south of
Project (STEP) the main passenger terminal.

Northwest Hangar Relocate Northwest Airlines hangar to site now occupied by Delta hangar.
Relocation Located in existing developed area.

Satellite Transit Shuttle Remodel and upgrade underground mmsit system linking terminal to satellites.
(STS) System
Rehabilitation

Redevelopment of North New or expanded air cargo facilities along Air Cargo Road at north end of airport.
Air Cargo

Expansion of North Unit Addition to new passenger terminal located north of existing terminal. Located in
Terminal (North Pier) existing developed area (Doug Fox parking lot and airport access freeway).

New Airport Rescue and Replaces facility displaced by new North Terminal. The new facility will be
Fh'eFighting Facility located to the north of the North Terminal.
(ARFF)

Cargo Warehouse at New air cargo facility located north of SR 518 on 24thAvenue South.
24_ Avenue South

Westin Hotel New hotel located immediately north of main passenger terminal. Located in
existing developed area at terminal.

Roads"

Temporary SR 518 and SR Temporaryaccess ramps to serve construction of third runway embankment and
509 Interchanges runwaysafety fill; will be removed after project completion.

South 154thStreet Relocate public roadway to allow construction of third runway embankment and
/South 156thWay runway safety fills. Existing roadwill be demolished.
Relocation
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Table 1.3-1. Proposed Master Plan Update improvement projects at Seattle-Taooma International Airport
(continued).

Project Description

South 154e_Street Relocate existing South 156th Way bridgeover Miller Creek to accommodate the
/South 156e_Way Bridge thirdrunway footprint and South 154e_Street/South 156e_Way relocation.
Replacement In-water work associated with this project is limited to removal of the existing

bridge and bank restoration.

Improvements to Main Transportationcirculation, seismic, and other improvements to roadway systems
Terminal Roads ' " serving terminal.

Improved Access and Improvements to existing roadway system serving passenger terminal, garage,
Circulation Roadway and air cargo facilities.
ImprovenleA1ts

North Unit Terminal Improvements to existing roadway system to serve the new North Terminal and
Roadways garage.

Improvements to South Improvements to existing roadway system serving passenger terminal, garage,
Access Connector Roadway and aircargo facilities. Will connect terminal and garage area to South Access
(South Link) roadway and SR 509 extension south of airport.

Parking

Main Parking Garage Expand parking facility at main passenger terminalon north and south sides
Expansion (existing developed areas), and add floors to portions of existing garage.

North Employee Parking New parking facility for employees, located northof SR 518.
Lot (NEPL), Phase 1

NorthUnitParking Consu'uctionofnew garageservingnew NorthTerminalfacility.Facilitywillbe
SU'ucture located at existing Doug Fox parking lot.

The South Aviation Support Area

SASA and Access New airportsupport facility for cargo and/or maintenance, located at the south
Taxiways end of the airportsouth of the Olympic Tank Farmand South 188e_Street.

Airplane access will be by new paralleltaxiway consu'ucted along Runway 34R.

Relocation of Existing Airportoperation support facilities will be relocated to the SASA once SASA site
Facilities to the SASA development is completed. Many of these facilities must be relocated from their

present locations due to main terminal expansion (i.e., STEP and North
Terminal), including northwest hangar, ground support equipment, ground and
corporate aviation facilities, new airport maintenance building, and United
maintenance complex.

Stormwater Facilities b

SASA Detention Pond Create regional stormwater detention pond for the SASA project and other sites.
Pond is 33.4 acre-ft and discharges to Des Moines Creek.

NEPL Vault A 13.9 acre-ft vault to retrofit the NEPL; discharges to Miller Creek via Lake
Reba.

ThirdRunway Vaults and Stormwater detention vaults and ponds at the north, west, and south sides of the
Ponds ai_ort, discharging to Miller, Walker, and Des Moines Creeks.

STIA Retrofit Facilities Detention vaults or ponds to provide flow control retrofitting for existing STIA
discharges to Des Moines Creek. Vaults to be constructed in combination with
third runwayfacilities when possible.

CargoVault Detention vault for North Cargo Facility (4.5 acre-ft discharging to Miller Creek
via Lake Reba).
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Table 1.3-1. Proposed Master Plan Update improvement projects at Seattle-Tacoma International Airport
(continued).

Project Description

Natural Resource Mitigation

Miller Creek Relocation Approximately 980 ft of Miller Cr_k immediately downsur,am of the Miller
Creek detention facility will be relocated to accommodate third runway
embankment and runway safety fill.

IVfdlerCreek Buffer and Establish a 100-ft buffer (average) along approximately 6,500 linear ft of Miller
WetlandEnhancement Creek and riparianwetlands associated with Miller Creek within the acquisition

area. Enhance approximately 10.25 acres of existing wetlands along the suream
and protect with 40.86 acres of enhanced wetland buffer.

Miller Creek Floodplain and Excavate approximately 9,600 cy from the Vacca Farm site adjacent to Miller
Wetland Restoration Creek to compensate for approximately 8,500 cy of floodplain fill for third

runwayembankment and north safety fill. Restore and enhance approximately 19
acres of stream habitat, floodplain wetlands, aquatic habitatm Lora Lake, and
buffers at Vacca Farm.

Miller Creek Instxeam Project l: South of the Vacca Farm site, approximately 440 ft of channel.
HabitatEnhancement Remove rock riprap,footbridges, and uash. Place large woody debris (LWD)

throughout this section of the stream. Plant riparian areas along the stream with
native wetland and upland plant species.

Project 2: Approximately 150 ft upsueam of South 160_ Street, approximately
235 ft of channel. Install LWD in the stream channel, grade a small section of the
west bankof the stream to create a gravel bench in the floodplain, remove two
rock weirs to improve fish passage, and plant the upland area with nalave trees
and shrubs.

Project 3: Immediately downstream of South 160t_Street, approximately 380 ft
of channel. Grade a section of the east bank, remove a mbberqire bulkhead, and
install LWD in the stream and on its banks. Plant buffer areas with native uees
and shrubs.

Project 4: Miller Creek immediately upsuv.amof 8 thAvenue South,
approximately 420 ft of channel. Grade portons of both banks. Remove
footbridges and portions of concrete block walls. Install LWD in the su'eam and
on its banks. Plant buffer areas with native trees and shrubs.

In addition to these specific enhancements, debris such as tires, garbage, and
fences will be removed throughout the entire stretch of Miller Creek from the
Vacca Farm site south to Des Moines Memorial Drive. In areas where access is

readilyavailable, LWD will be selectively placed throughout the sueam to
improve instreamhabitat conditions.

Des Moines Way Nursery Restore2.2 acres of wetland by removing fill and commercial development from
wetlands. Enhance about 0.8 acres of wetland lawn to shrub dominated wetland.
Enhance 450 linear feet of Miller Creek. Protect site with about 2.7 acres of
restored buffers.

Drainage Channels Relocate a minimum of 1,290 linear ft of drainage channels to accommodate the
Relocation third runway embankment. Plant buffers along the drainage channels with native

grass and shrubs.

Restoration of Temporarily Approximately 2.05 acres of wetland located west of the third runway
Impacted Wetlands embankment, north of relocated South 154_hStreet, and west of the Miller Creek

relocation project, will be temporarily filled or disturbed during embankment
construction. When construction activities are completed, remove fill material,
restore pre-dismrbance topography, and plant wetlands with native shrub
vegetaUon.
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Table1.3-1. ProposedMaster Plan Update improvementprojects at Seattle-TacomaInternationalAirport
(continued).

Project Description

Tyee Valley Golf Course Restore approximately 4.5 acres of emergent wetland areaand approximately 1.6
Wetlands Enhancement and acres of buffer located within Tyee Valley Golf Course to a native shrub
Des Moines Creek Buffer vegetation community. The enhancement actions will be integrated into plans to
Enhancement construct a regional detention facility (RDF) on the golf course (King County

Capital Improvement Project Design Team 1999). The enhancement will convert
the existing turf wetland to native shrubwetland community.

Enhance approximately 3.4 acres (average 100 ft wide) of buffer and 1.0 acre of
existing wetland along Des Moines Creel

Wetland Habitat (including Restore wetland functions to a 65-acre parcel near the Green River in the City
Avian Habitat) nearthe of Auburn. Createand/or restore approximately 17-2 acres of forest, 6.0 acres
Green River in Auburn of shrub, 6.2 ac_s of emergent, and 0.60 acre of open-water wetland.

Enhance protective buffers totaling about 15.90 acres.

a Temporary roads used to haul fill material from three on-site borrow areas to consWaction sites are included in the
analysis of the borrow areas and not listed here.

b Des Moines Creek Basin Plan Committee will consmlct an RDF on the Tyee Golf Course to provide regional flow
control. This project will eliminate the need for STIA retrofit facilities described above. As this is a cumulative
action subject to future federal action, it is not a Master Plan Update improvement.

1.3.1 Runways and Taxiways

To overcome aircraft arrivalcongestion during poor weather conditions, the Port proposes to build a
new 8,500-ft runway on approximately 16.5 million cy of fill on the west side of the existing STIA
airfield (Figure 1.3-1). The existing airfield plateau will be extended west over 12" Avenue South.
The current location of 12thAvenue South will be the approximate centerline of the new runway.
To construct the third runway and extend the airfield plateau, a large embankment with four
mechanically stabilized earth (MSE) retaining walls will be constructed. The MSE retaining walls
are located at the northern, central, and southern portions of the embankment (see Figure 1.3-1), and
have been designed to avoid and minimizedirect impacts from the embankment to Miller Creek and
associated wetlands. Security and emergency access roads will be constructed around the runway
perimeter. New andrelocated interconnecting taxiways will also be constructed.

To accommodate the third runway embankment, stormwater management facilities, and a
neighborhood noise abatement area, the Port has purchased land west of the existing runway. Most
of this land consists of private residences. In this report, this area is referred to as the "acquisition
area." The acquisition area is generally bounded by SR 518 to the north, South 176thStreet to the
south, Des Moines Memorial Drive to the west, and 12thAvenue South to the east (see Figure 1.3-
1). Several parcels in and adjacent to the acquisition area are voluntary acquisitions and may or
may not be acquired by the Port. However, no additional action, other than demolitions, will be
taken in the voluntary acquisition areas. At the north end of the third runway, South 154th Street
will be relocated to accommodate the new runway (see below).

1.3.2 Runway Safety Area Extensions / South 154thStreet Relocation

RSA extensions are necessary for the existing runways and the new third runway to ensure that they
meet current FAA standards. The RSA extensions are to be created at the north end of the existing

airport runways south of SR 518, and at the southern end of the new third runway. The RSA
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extensions at the north end of the two existing runways, as wet[ as the new third runway
construction, win require relocating South 154thStreet (Figure 1.3-2). The relocated road section
will be located appmximatdy 55 to 650 It north of the current alignment. The new alignment will
be north and west of the third runway embankment, connecting with South 156m Way at Des
Moines Memorial Drive, In addition, a portion of an existing sewer line will be relocated to parallel
the new road alignment.

South 156m Way currently crosses over Miller Creek on an existing timber bridge. The existing
bridge will be replaced with a new bridge that spans the stream and floodplain of Miller Creek as
part of the South 154thStreet relocation (see Figure 1.3-2).

A MSE retaining wall will be constructed along the north side of the relocated road to minimize
filling of the forested wetlands located north of the roadway (see Figure 1.3-2). The MSE wall at
this location will extend up to approximately 50 It in height.

1.3.3 The South Aviation Support Area

The SASA (seeFigure1.3-I)willprovidespaceforaircraitmaintenance/supportand aircargo
facilities. The FEIS for the Master Plan Update improvements identified several existing uses that
wouldbe moved totheSASA, primarilyduetotheexpansionoftheMain Terminal.Theseuses
includeNorthwestAirlines'aircraftmaintenanceandhangar,theU.S.PostOfficeairmailfacility,
andpossiblyAirbornecargo.TheSASA willalsoallowaircargoandaircraitmaintenancefacilities
ofairlinesandothertenantstobeexpanded.TheSASA facilitywillaccommodate:

• Relocatedlinemaintenanceandcargofacilitiesthatmustbe moved priortoexpansionof
passengerterminalfacilities

• Line maintenance requirements

• Aircraft maintenance facilities in response to existing and/or future market demands

• Expansion of cargo handling and maintenance capabilities

• Other aircraft support facilities

1.3.4 On-Site Borrow Source Areas

On-site borrow areas are proposed to be excavated as a source of fill to be used to construct portions
of the runway embankment. Three on-site borrow areas are located on airport property between
24thAvenue South and 15thAvenue South, and between South 196th and South 216th Streets (see
Figure 1.3-1). These borrow areas are planned to supply approximately 6.7 million cy of fill
material. Current engineering estimates suggest that Borrow Site 1 will supply up to 4.2 million cy,
and Borrow Sites 3 and 4 will supply 2.5 million cy.

An additional 2.4 million ey is available from on-site sources within the third runway footprint.
This fill material will be obtained through excavation at the south end of the third runway, where
materials are stockpiled and where the existing ground elevation is above the final grade for the
runway. The flU material from these sources has been tested for structural integrity and found to be
suitable for use in the RSAs and portions of the infield.
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1.3.5 Other Support Facilities

Stormwater, electrical, water, sewer, and other utilities must be provided to new or reconstructed
airport facilities. Utilities that will result in unavoidable wetland impacts include the placement of
stormwater detention facilities for the runway embankment, relocation of a sewer line, and the
SASA detention pond. These wetland impacts are discussed in more detail in Section 3 of this
report, and in the Wetland Functional Assessment and Impact Analysis Master Plan Update
Improvements Seattle- Tacoma International Airport (Parametrix2001b).

1.4 RESPONSIBLE PARTIES

The Port is the applicant and owner of this project. The name and phone number of the Port
representative in charge of environmental permitting and compliance for the project is: Ms.
Elizabeth Leavitt, Manager-Aviation Environmental Programs; Port of Seattle; P.O. Box 68727;
Seattle, WA 98168-0727; (206) 433-7203.

1.5 DOCUMENT ORGANIZATION

The organization of this document is based on the Guidelines for Developing Freshwater Wetlands
Mitigation Plans and Proposals (Ecology 1994a). Following the introduction to the project and
mitigation actions in Section 1, Section 2 describes existing ecological conditions, and in particular,
existing conditions of wetlands and streams within the project area. Section 3 summarizes the direct
and indirect impacts of the project to wetlands and other Waters of the U.S. (described in detail in
Parametrix2001b).

Section 4 summarizes the overall mitigation plan and the mitigation monitoring plan. The
mitigation sequencing approach and specificmitigation projects are summarized. The overall
monitoring approach, methods, and schedules required to assure the ecological benefits of the
mitigation are summarized. The ad_ptive management approach that will be used to implement
maintenance and contingency measures at the mitigation sites is also described. Section 4 also
describes the integrated weed management strategy that will be used to control invasive non-native
species. Finally, Section 4 summarizes the relationship between the Wildlife Hazard Management
Plan (WHNIP) for controlling wildlife hazards near the airport, and each mitigation project.

Section 5 provides detailed mitigation plans, performance standards, monitoring approach, and
implementation schedules for the on-site mitigation in the Miller and Des Moines Creek basins.
Section 5 also describes mitigation to replace functions of drainage channels, mitigation for
temporary construction impacts, and monitoring of wetlands adjacent to the construction projects.
On-site mitigation at the Des Moines Way Nursery site is described in Appendix N. Appendices A
through F provide detailed engineering drawings of each mitigation project. Other appendices
(Appendices G through Q) provide various detailed supporting information requested by agency
staff.

The Comprehensive Stormwater Management Plan that is proposed to avoid, minimize, and
mitigate impacts to water quantity and/or quality in Miller and Des Momes Creeks is summarized in
Section 6. Section 7 describes the mitigation plans, performance standards, monitoring approach,
and schedules for the off-site wetland mitigation in Auburn.
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2. EXISTING CONDITIONS IN THE PROJECT AREA

This section describes the wetlands, streams, floodplains, and drainage channels in areas that will be

temporarily or permanently impacted as a result of Master Plan Update improvements. The
wetlands within the project area are described in detail in the Wetland Delineation Report Master
Plan Update Improvements Seattle-Tacoma International Airport (Parametrix 2000b) and the
Wetland Functional Assessment and Impact Analysis (Parametrix 2001b). Additional detailed

information on species listed under the Endangered Species Act (ESA) is provided in the Biological
Assessment Master Plan Update Improvements Seattle-Tacoma International Airport (Parametrix
2000c). Additional detailed information on existing ecological conditions relevant to the mitigation

design at each site is included with the descriptions of each mitigation project in Sections 5 and 7.

2.1 WETLANDS

Wetland delineations have been completed throughout the project area (FAA 1996; Parametrix
2000b). ACOE has verified the wetland delineations on all properties within the acquisition area,
with the exception of parcels containing Wetland A20 (ACOE 2000).

2.1.1 Wetland Delineation Methodology

Parametrix staff completed field investigations to identify and delineate wetlands in the acquisition
area between March 1998 and November 2000. During these site visits, they inspected the project

area (Figure 2.1-1) for wetland characteristics and related drainage features. Project staff identified
and delineated wetlands in the project area using the Routine Determination Method outlined in the
Washington State Wetland Identification and Delineation Manual (Ecology 1997) and the U.S.
Army Corps of Engineers Wetland Delineation Manual (Environmental Laboratory 1987). The
delineation methodology incorporated the following regulatory guidance letters and memoranda:
ACOE Regulatory Guidance Letters 82-2, 86-9, and 90-7 (ACOE 1982, 1986, 1990); 3-92
Memorandum (ACOE 1992); 5-94 Public Notice (ACOE 1994); Ecology, 3/95 Public Notice
(Ecology 1995).

To be considered a wetland, under normal circumstances, an areamust have hydrophytic (wetland)
vegetation, hydric soils, and wetland hydrology (Ecology 1997; Environmental Laboratory 1987).
Areas that do not exhibit indicators for one or more of these three parameters are generally not

regulated wetlands. However, in some cases when normal circumstances do not hold, all three
parameters may not be present. Additional evaluations were completed to identify wetlands in
disturbed and farmed areas (Parametrix 2000b).

ACOE made site visits to confirm wetland identifications and boundary delineations between July
1998 and November 2000. Modifications to delineated wetland boundaries that were requested by
ACOE during those site visits have been made and are reflected in the mapping and analysis
presented in this report. A summary of all the wetlands identified in the study area is presented in
Table 2.1-1.
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2.1-1. Summary of wetland and other Waters of the U_. areas in the Seatt_Tacoma International Airport
Master Plan Up&.tp Area.

Wetland ' Chmslfication h Area (Acres) Drainage Basin

Employee Paridng Lot/Des Moines Way Nursery Areas

1 Forest 0.07 Miler

2 Forest 0.73 Miller

NS, N9, N10 Emergent, Forest (90/10) 0.86 Miller

Subtotal 1.66

Runway Safety Area Extension

3 Forest 0.56 Miller

4 Forest 5.00 hftller

5 Forest/Scrub-Shrub (70/30) 4.63 hraller

6 Scrub-Shrub 0.86 Miller

Subtotal 11.05

Runway Project Area

Airfield

7: Forest/Open Water/Emergent (30/50/20) 6.68 Miler

8 Scrub-Shrub/Emergent (80/20) 4.95 Miller

9 Forest/_mergent (40/60) 2.83 Miller

10 Scrub-Shrub 0.31 Miler

11 Forest/Emergent (80/20) 0.50 Miller

12 Forest/Emergent (20180) 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/Serub-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 (20180) 0.22 Miller

Other Waters of the U.S. 0.02 Miller

Farm Site

FW 1 Farmed Wetland 0.03 Miller
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Table 2.1-1. Summary of wetland and other Waters of the U.S. areas in the Seattle-Tacoma International
Airport Master Plan Update Area (continued).

Wetland" Classification _ Area (Acres) Drainage Basin

FW2 Fanmd Wetland 0.09 Miller

FW3 FarmedWetland 0.59 Miller

FW5 FarmedWetland 0.08 Miller

FW6 Farmed Wetland 0.07 Miller

FW8 Farmed Wetland 0.03 Miller

FW9 Farmed Wetland 0.01 Nf.fllcr

FWl0 Farmed Wetland 0.02 Miller

FWl 1 Farmed Wetland 0.11 Miller

Ala Shrub 0.07 Miller

OtherWatersoftheU.S. 0.02 Miller

WestAcquisitionArea

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

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

41a and b Emergent/Opco Water (60/40) 0.44 Miller

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

A1 Forest/Scrub-Shrub/Emergent (15115/70) 4.59 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 Millcr

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

A9 Scrub-Shrub 0.04 Miller

A 10 Scrub-Shrub 0.01 Miller

A 11 Scrub-Shrub 0.02 Miller

AI2 Scrub-Shrub 0.11 Miller

A13 Forest 0.12 Miller

Al4a and b Forest/Scrub-Shrub/Emergent (50/25/25) 0.19 Miller

AI5 Emergent 0.04 Miller

A16 Scrub-Shrub/Emergent (20/80) 0.09 Miller

AI7 Forest/Scrub-Shrub/Emergent (10/20/70) 2.66 Miller

AI8 Scrub-Shrub 0.01 Miller

A19 Emergent 0.04 Miller

Lora Lake Open Water 3.06 Miller

Other Waters of the U.S. 0.33 Miller

Riparian Wetlands

R l Emergent 0.17 Miller

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

R3 Scrub-Shrub 0.02 Miller

Natural Resource Mitigation Plan 2-4 November 2001
Seattle-Tacoma International Airport 556-2912-001 (03)
Master Plan Update

AR 029310



Table 2.1-1. Summary of wetland and other Waters of the U.S. areas in the Seattle-Tacoma International
Airport Master Plan Update Area (continued).

Wetland" Classification ' Area (Acres) Drainage Basin

R4 _mergent 0.11 l_filler

R4b Forest/Emergent (25/75) 0.11 l_r_dler

R.5 Emergent 0.05 Miller

RSb Forest/Emergem (25/75) 0.07 Ivliller

R6 Forest/Emergent (25/75) 0.21 Miller

R6b Emergent 0.09 IVfdler

R7 Forest/Emergent(25n5) 0.04 Miller

RTa Emergent 0.04 bf.tller

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

R9 Forest 0.38 Miller

R9a Forest/Scrub-Shrub/Emergent (25/50/25) 0.74 Miller

RI0 Scrub-Shrub 0.04 /Vftller

R 11 Emergent 0.42 Miller

R12 Forest 0.03 Miller

RI3 Emergent 0.12 Miller

R 14a Scrub-Shrub/Eanergent (25n5) o. 13 Miller

Rl4b Emergent 0.08 Miller

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

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

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

134 Scrub-Shrub 0.07 Des Moines

B11 Emergent 0.18 Des Momes

B12d Scrub-Shrub 0.63 Des Momes

B14 Scrub-Shrub/Emergent (70/30) 0.78 Des Moines

B15 a and ba 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 Moines

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

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

B6 Forest/Scrub-Shrub (30no) 0.55 Des Moines

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

B9 Forest 0.05 Des Momes

B10 Forest 0.02 Des Moines

Subtotal 2.35
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Table 2.1-1. Summary of wetland and other Waters of the U.S. areas in the Seattle-Tacoma International
Airport Master Plan Update Area (continued).

Wetland ° Classification b Area (Acres) Drainage Basin

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

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

52 Forest/Scrub-Shrub/Emergent(80/10/10) 4.70 Des Moines

53 Forest 0.60 Des Moines

G1 Emergent 0.05 Des Momes

G2 Emergent 0.02 Des Moines

G3 Emergent 0.06 Des Momes

G4 Emergent 0.04 Des Momes

G5 Emergent 0.87 Des Momes

G6 Emergent 0.01 Des Moines

G7 Forest/Scrub-Shrub (30/70) 0.50 Des Momes

G8 Emergent 0.04 Des Momes

WH Open Water 0.25 Des Moines

DMC Forest/Scrub-Shrub/Emergent (15-15-70) 1.08 Des Momes

Subtotal 43.67

Industrial Waste System (IWS) Area

IWS a and b Forest 0.67 Des Momes

Subtotal 0.67

South Aviation Support Area Detention Pond

E1 Forest 0.23 Des Moines

E2 Forest 0.04 Des Momes

E3 Forest 0.06 Des Moines

Subtotal 0.33 Des Momes

TOTAL 116.72

a Wetlands are labeled according to the following protocol:
• Wetlands without a letter designation (e.g., Wetland 35 ) were described by Shapiro and Associates, Inc. (FAA

1995).

• Wetlands with an 'A' designation (e.g., Wetland A5) are wetlands occurring within the west acquisition area.
• Wetlands with an 'N' designation (e.g., Wetland N8) occur north of SR 518.

• Wetlands with an 'R' designation (e.g., Wetland R) are riparian wetlands occurring within the west acquisition
are, ft.

• Wetlands with a 'W' designation (e.g., Wetland W1) are wetlands occumng within the west airfield area.
• Wetlands with a 'G' designation (e.g., Wetland G5) are wetlands occumng within the Tyee Valley Golf Course or

the SASA areas.

• Wetlands with an 'E' designation (e.g., Wetland El) are wetlands occurring within the SASA detention pond
area.

• Wetlands with an 'IWS' designation (e.g., IWSa) are wetlands occurring near the IWS lagoon.
• Wetlands with a 'B' designation (e.g., Wetland B5) are wetlands occurring within the borrow sites.
• Wetland numbers followed by a small case letter designate subsections of a larger wetland (i.e., Wetland 35a)

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 This area includes Lake Reba.
d Portions of the wetland area are estimated.
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2.1.2 Wetland Descriptions

About 120 wetlands totaling about 117 acres were identified5 within the study area in the Miller and
Des Moines Creek basins (see Table 2.1-1; Figures 2.1-2, 2.1-3, and 2.1-4). These wetlands range

in size from 0.01 to about 35 acres (see Table 2.1-1), and include slope, depressional, and riparian
wetlands (Brinson 1993). Palustrine forested, scrub-shrub, emergent, and open-water wetland
classes are present within the project area (see Table 2.1-1). A detailed description of all wetlands
found within the study area is provided in the Wetlands Delineation Report (Parametrix 2000b).
Many of the wetlands in the project area are small, degraded by past and ongoing human
disturbance, and isolated from other wetlands by areas of unsuitable habitat (e.g., roadways,
buildings). Ecological functions of wetlands within the study area are described in the Wetland
Functional Assessment and Impact Analysis Report (Parametrix 2001b). Mitigation for impacts to
the ecological functions that the wetlands provide is described in Section 5 of this document.

2.2 STREAMS

Several stream systems (Walker, Miller, Des Moines, and Gilliam Creeks) occur in the project area.
These have been evaluated as part of the environmental review for the Master Plan Update
improvements (FAA 1996, 1997a; KCSWM 1987; Hillman et al. 1999; Pararnetrix 2000c). The
following sections describe these stream systems. Additional detailed information on existing
ecological conditions in the streams is provided in the Biological Assessment (Parametrix 2000c), as
well as in the detailed mitigation plan descriptions in Section 5.

2.2.1 Miller Creek Basin

Miller and Walker Creeks, the two streams located in the Miller Creek basin, are near or within the

project area. Miller Creek originates at Arbor Lake (near the comer of 5'h Avenue, south of South
124 'h Street) and flows approximately 5.3 miles to Puget Sound. Walker Creek originates in
Wetland 43 west of SR 509 (U.S. Geologic Survey [USGS] Des Moines Quadrangle 1995) and
flows into Miller Creek approximately 500 ft upstream of its mouth at Puget Sound (Figure 2.2-1).
While a portion of the Walker Creek drainage basin is located within the study area, the stream itself
is located approximately 1,000 ft downslope of, and west of, the project area.

2.2.1.1 Miller Creek

Miller Creek is located in southwest King County and has a basin size of approximately 8 square
miles. The Miller Creek basin lies within the Cities of SeaTac and Burien. Flows in Miller Creek

originate at three locations: (1) the Arbor, Burien, Tub, and Lora Lakes complex; (2) Lake Reba;
and (3) seeps located on the west side of STIA. Miller Creek generally flows south and southwest
toward Puget Sound. On the west side of the airport, a number of drainage channels convey water
from the plateau and hillslopes to the stream. These channels (King County 1990) have been
ditched, and function primarily as surface or groundwater conveyance channels.

5 Other wetlands and aquatic habitats outside the study area are known to occur in the Miller. Walker, and Des Moines
Creek basins.
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Most of the 5,140-acre Miller Creek watershed is developed with residential and commercial

properues. Approximately 62 of the land use in the basin is residential, 15 percent is
STIA 6percentcommercial, 3 percent is (excluding the IWS drainage area, which treats stormwater runoff

prior to being discharged to Puget Sound), and the remaining 20 percent is undeveloped
(Montgomery Water Group 1995). Much of the undeveloped land in the watershed is owned by the
Port. Commercial land uses am scattered along Des Moines Way, Ambaum Boulevard, and First

Avenue South. Some agricultural uses are also found in the upper watershed. Although
urbanization throughout the basin has altered the stream and riparian ecosystems, Miller Creek
continues to support fish and wildlife species.

Stream Classification

WDFW has classified the lower reaches of Miller Creek as Class 11salmon-bearing waters. Miller

Creek is designated as an extraordinary (Class AA) quality water body by the Water Quality
Standards for Surface Waters of the State of Washington (Washington Administration Code [WAC]
173-201). However, Miller Creek has failed to meet some of the state water quality standards
(WQSs) (FAA 1996). Occasional violations of Class AA WQSs for pH, dissolved oxygen, and
ammonia have also occurred in the basin (FAA 1996). Runoff from residential, commercial, and

agricultural properties has contributed to water quality degradation. Pollutants such as nutrients,
organics, metals, fecal coliform bacteria, and suspended solids that are commonly associated with
urban runoff have been found in Miller Creek and contribute to occasional violations of state and

federal WQSs.

The floodplain in the stream reach between South 156th Way and South 160thStreet is relatively
confined to the channel ravine and is approximately 60 to 100 ft wide. In the stream reach south of
South 160thStreet, the floodplain is approximately 80 to 150 ft wide in the upper reaches. However,
farther downstream, it widens to approximately 200 to 250 ft.

Urbanization and agriculture have significantly altered the floodplains associated with Miller Creek.
The wetland filling, riparian vegetation removal, culvert installation, and streambank armoring have
reduced stream channel and floodplain capacities. Increased development and impervious surface
areas in the basin result in increased stormwater runoff rates and volumes.

The 100-year floodplain in the vicinity of the Vacca Farm site is several acres in size (Figure 2.2-2).
The wetland area and poor drainage that existed prior to agricultural drainage activities are evident
from the 100-year floodplain estimated by the Federal Emergency Management Agency (FEMA).
The approximate 100-year flood elevations, determined by FEMA as part of its study, vary from
266 ft at the Miller Creek detention facility outlet to approximately 265 ft at the downstream end of

the Vacca Farm site (see Figure 1.2-2). A floodway has also been delineated and mapped in a
portion of the floodplain.

6This area will increase to 9 percent with acquisition of west side property.
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Miller Creek Tributary Drainage Channels

Intermittent drainage channels (referred to as Waters A, B, C, D, and W) are located within the
Miller Creek basin in the acquisition area and on the west side of the existing runway (see Figure
2.1-2). These channels arc regulated as Waters of the U.S. by ACOE, and portions of them arc
mapped by the King County Sensitive Areas Portfolio (King County 1990).7

Water A is an approximately 814-ft-long by 5-ft-wide (0.09-acre) drainage ditch. This ditch
collects surface water runoff from 12tbAvenue South, the airport security road, and several upslope
wetlands (Wetlands 19, 21, and 22). A portion of Water W, which originates in Wetland 20, also
drains westward into Water A. These waters drain into Wetland 37 through a culvert under 12_

Avenue South and convey channehzed flow to Water W for approximately 494 ft (0.03 acre) to
Miller Creek. Water A and portions of Water W are mapped in the King County sensitive area map
folio (King County 1990) as an unclassified stream.

Water B is an approximately 314-ft-long by 4-ft-wide (0.03-acre) incised channel that conveys
water from the west end of Wetland 37f northwest to riparian Wetland R9, which, in turn, drains to
Miller Creek.

Water C is a discontinuous ditch that flows through culverts or eement-hned channels on Parcel
251. The exposed ditch totals approximately 170 linear ft (0.01 acre) from South 168th Street to
Miller Creek.

Water D is a intermittent stream that begins east of Des Moines Memorial Drive and north of South
160a_Street. The channel flows approximately 1,830 linear ft (0.16 acre) through several sections of
Wetland A17 and enters Miller Creek on Parcel 243, approximately 200 ft upslope of Des Moines
Memorial Drive.

2.2.1.2 Walker Creek

Walker Creek is the major tributary of Miller Creek that drains a 540-acre watershed. The creek
originates in Wetland 43 west of SR 509. Several small seep areas located east of SR 509 feed into
Wetland 43. Walker Creek flows for approximately 1.3 miles southwest and generally parallel to
Miller Creek before joining Miller Creek less than 500 ft upstream of Puget Sound (see Figure 2.2-
1). Land use in the Walker Creek basin consists of residential and commercial development in
densities similar to those described for Miller Creek. A small portion of Port property drains to
Walker Creek. However, no portion of the active runway, airfield, or airport operations area drains
to Walker Creek.

The contributing basin to Walker Creek, including Wetland 43, is shown in Figure 2.2-1.
Streamflow rates are typically highest between October and April during the wet season and lowest
between May and September (FAA 1996). Walker Creek receives stormwater runoff originating
from residential and commercial development within the basin, which has likely increased the

7Other smalldrainageditchesarepresenton theVaccaFarmsiteandconnecttoWetlandAI. Thesearedescribedin
Parametrix 2000a.
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frequency and magnitude of peak flows. Upstream of Southwest 175thStreet, FEMA classified the
floodplain as areas where the 100-year flood depth is less than 1.0 ft, or the drainage area is less
than 1 square mile. FEMA also mapped a more extensive (several acres) floodplain from the
confluence of Walker and Miller Creeks to Puget Sound.

In the lower gradient upper reaches, Walker Creek flows through confined rockery-hardened banks,
several culverts, and along roadside ditches. As the gradient increases, Walker Creek flows through
a ravine (downstream of 1st Avenue South); however, field evaluations of this area could not be

conducted due to limited access to private property. As the gradient decreases below the ravine and
above the confluence with Miller Creek, the stream is again confined by urban development,

including yards, ditches, and culverts. Walker Creek has riparian cover along most of its length.
Trees and shrubs are the dominant vegetation type; however, mowed lawn is also common along
the banks (l-Iillman et al. 1999).

Walker Creek is unclassified by King County;, however, it would likely be classified as a
Washington Department of Natural Resources (DNR) type 3 stream due to stream size and
salmonid use. No studies have measured water quality in Walker Creek; it is likely that the stream

has pollutant loads typical of streams in Puget Sound lowland urbanized watersheds, and similar to
Miller Creek. Walker Creek supports coho salmon (Oncorhynchus kisutch) and chum salmon (O.
keta) spawning, although a recent survey found that approximately 75 percent of the coho salmon
spawning in the stream was from hatcheries (Hillman et al. 1999). The stream has limited LWD,
undercut banks, or other types of cover features (Hillman et al. 1999), which in turn limits fish
habitat in the stream.

2.2.2 Des Moines Creek Basin

The Des Moines Creek drainage basin consists of about 3,750 acres situated primarily south and
southeast of the airport (see Figure 1.2-2). The Des Moines Creek watershed is largely urbanized
and includes portions of the Cities of Des Moines, Normandy Park, SeaTac, and Burien. STIA
occupies approximately 23 percent of the watershed (excluding other Port properties such as the
Tyee Valley Golf Course and noise abatement areas). Much of the area directly southeast of the
airport was once developed as residential areas, but has been purchased by the Port as part of the
Noise Remedy Program. The Tyee Valley Golf Course occupies the area immediately south of the
airport. The remainder of the watershed is mixed residential, commercial, and industrial uses.

2.2.2.1 Des Moines Creek

The headwaters of the east branch (considered the mainstem by most locals) originate at Bow Lake,
3.7 fiver miles (RM) from Puget Sound. The upper half-mile of the east branch, from Bow Lake
downstream to about RM 3, is conveyed through underground pipes. The west branch originates
from the Northwest Ponds stormwater detention complex located at the western edge of the Tyee
Valley Golf Course and joins the east branch at approximately RM 2.4. Downstream of South 2000'
Street (RaM2.2), the stream flows through Des Moines Creek Park, a forested riparian wetland. The
park includes an incised ravine at about RM 1.8. The ravine is a high-gradient reach in which the
stream has cut to hardpan for most of the length providing little quality fish habitat. The stream is
paralleled within this ravine by a paved trail and/or service road and sewer line protected in places
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by rock bank armoring. The stream drops about 300 ft in elevation from the golf course to a small
estuarine mouth at Puget Sound. Two unnamed tributaries enter the stream at about RMs 0.7 and
1.9 (Williams et al. 1975).

Des Moines Creek is designated as an extraordinary (Class AA) quality water body by the Water
Quality Standards for Surface Waters of the State of Washington 0VAC 173-201). From the west
branch downstream of the Northwest Ponds, it is a Class 11salmon-bearing stream.

2.2.2.2 Drainage Channel

A small drainage channel (Water S) is present in Borrow Area 1, south of South 208 thStreet and
east of Des Moines Creek (see Figure 2.1-3). Water S, classified as a Water of the U.S., contains
intermittent flow, but does not contain wetland soil or vegetation. Water S is a 90-ft-long by 3-ft-
wide (0.01-acre) channel that conveys water from a small spring into a 4-inch drainage pipe.

2.2.3 Giilinrn Creek

Gilliam Creeks is a small stream that receives runoff from STIA and discharges to the

Green/Duwamish River in the vicinity of the City of Tukwila (see Figure 2.2-1). Gilliam Creek,
which has been impacted by development, is extensively culvcrted and receives stormwater runoff
that causes high peak flows and low base flows. Fish use of this stream is primarily by resident fish
because of the migration barriers that limit anadromous fish passage (Taylor Associates 1996 in
City of Tukwila 1997). Fish access between the Green River and GiUiam Creek is restricted by a
culvert and flap gate where the stream drains into the Green/Duwamish River. Culverts limit adult
salmonid access to much of this tributary, although juvenile chinook and coho salmon have been
reported in the stream. The resident fish expected to inhabit this stream and long piped sections
include cutthroat trout (Oncorynchus clarki clarla), western brook lamprey (Lampetra richardsoni),
carp (Cyprinus sp.), peamouth (Mylocheilus caurinus), largescale sucker (Catostomus
macrocheilus), threespine stickleback (Gasterosteus aculeatus), and sculpin (Coitus sp.).

About 50 percent of GiUiam Creek is contained in culverts, and much of the remainder of the stream
flows in constructed ditches. Riparian vegetation is lacking along most of the stream corridor or is
predominantly herbaceous and provides little shade.

Urban development within the watershed has altered native soils and vegetation, resulting in
increased scour and sedimentation in Gilliam Creek. Changes such as stream channelization and
the removal of LWD have increased stream degradation and fine sediment input. Scour and erosion
characterize the upper reaches of the stream, resulting in downstream sedimentation in the lower
reaches. Base flow measurements of water quality indicated that concentrations in Gilliam Creek
do not meet Washington State Class A WQSs for pH, dissolved oxygen, dissolved copper,
dissolved lead, dissolved zinc, and fecal coliform bacteria (Herrera and RW Beck 2000).

s MasterPlan Updateimprovementsdo not addnew imperviousarea, alterwetlands,alter streamchannels,or alter
stormwatermanagement(includingtheIWS)ina mannerthatcouldimpactGilliamCreek. Forthesereasons,no natural
resourcemitigationinthisbasinis necessary.
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3. NATURAL RESOURCE IMPACTS SUMMARY

The STIA Master Plan Update improvements will impact wetlands, streams, floodplain, drainage
channels, and stormwater in the Miller and Des Moines Creek basins. To construct the projects, fill

material will be placed in approximately 980 linear ft of Miller Creek, approximately 5.24 acre-ft of
the Miller Creek 100-year floodplain, approximately 18.37 acres of wetland, and about 1,290 linear
ft of drainage channel. In addition, new impervious surfaces will impact stormwater runoff and
water quality conditions. The impacts of these actions, which are the basis for the mitigation
described in Sections 4, 5, and 7 of this report, are described in the FSEIS (FAA 1997a) for the
project. Wetland and stream impacts resulting from STIA Master Plan Update improvements are
summarized in the discussion that follows. Detailed analyses of these impacts are presented in the

following documents:

• Wetland Functional Assessment and Impact Analysis (Parametrix 2001b)

• Comprehensive Stormwater Management Plan for Seattle-Tacoma International Airport
Master Plan Improvements (Parametrix 2000a, 2001 a)

• Final Supplemental Environmental Impact Statement for the Proposed Master Plan Update
Development Actions at Seattle-Tacoma International Airport (FAA 1997a)

3.1 WETLANDS

The FSEIS for the Master Plan Update (FAA 1997a) improvements identified 12.23 acres of
wetland that will be directly impacted by Master Plan Update improvements (FAA 1997a;
Parametrix 1996a). These determinations represented the best available information at the time of
publication. Information supporting these determinations was obtained through field delineations
and aerial photographic interpretation. Aerial photographic interpretation was used in the west side
acquisition area where the Port lacked access to private properties necessary to conduct wetland
delineations and subsequent agency review.

Since the publication of the FSEIS, the Port has purchased property and delineated wetlands that are
subject to temporary or permanent impacts from the runway embankment, construction activities,
and stormwater management (see Wetland Delineation Report, Parametrix 2000b). All wetlands
within the acquisition area have been delineated.

3.1.1 Permanent Impacts

Permanent wetland impacts from Master Plan Update improvements will affect about 18.37 acres

(Table 3.1-1, Figures 3.1-1 and 3.1-2, and the Wetland Functional Assessment and Impact Analysis
IParametrix 2001b]). Mitigation for these impacts is described in Sections 4 (overview), 5 (on-site),
and 7 (off-site).

Permanent wetland impacts (fill and potential indirect) include approximately 8.17 acres of forest,
2.98 acres of shrub, and 7.22 acres of emergent habitat. Lower quality wetlands (Category lII and
Category IV) account for about 50 percent of the wetlands impacted by fill (Table 3.1-2). The
remaining wetland impact areas affect higher quality Category II wetlands. All impacted wetlands
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have been subjected to significant historic or ongoing disturbances that have reduced their
ecological value and ecosystem function (Parametrix 2001b) below what would be expected for
undisturbed wetlands occurring in undeveloped areas. Regardless of wetland rating or evidence of
human degradation, the functions of each wetland have been analyzed and mitigated.

Table 3.1-1. Summary of wetland impacts for Seattle-Tacoma International Airport Master Plan Update
improvements by eonstrucfion project.

Indirect Direct Vegetation Types Impacted (acres)
Wetland Impact Impact Total Impact
Number Vegetation Type" (acres) (acres) (acres)b Forest Shrub Emergent

Runway Safety Area Extension

5 Shnxb 0.00 0.14 0.14 0.07 0.07 0.130

Subtotal 0.00 0.14 0.14 0.07 0.1)7 0.00

Third Runway Project Area
North Airfield

9 Forest/Emergent 0.00 0.03 0.03 0.01 0.00 0.02

11 Forest/Emergent 0.16 0.34 0.50 0.40 0.00 0.10

12 Forest/Emergent 0.013 0.21 0.21 0.04 0.00 0.17

13 Emergent 0.00 0.05 0.05 0.00 0.00 0.05

14 Forest 0.130 0.19 0.19 0.19 0.00 0.00

We_t A_rfield

15 Emergent 0.(30 0.28 0.28 0.00 0.130 0.28

16 Emergent 0.00 0.05 0.05 0.00 0.00 0,05

17 Emergent 0.00 0.02 0.02 0.00 0.00 0.02

18 Forest/Shrub/ 0.55 2.29 2.84 1,28 0.75 0.81
Emergent

19 Forest 0.00 0.56 0.56 0.56 0.00 0.00

20 Shrub/Emergent 0.00 0.57 0.57 0.00 0.51 0.06

21 Forest 0.00 0.22 0.22 0,22 0.00 0.00

22 Shrub/Emergent 0.00 0.06 0.06 0,00 0.01 0.05

23 Emergent 0.00 0.77 0.77 0.00 0.00 0.77

24 Emergent 0.00 0.14 0. !4 0.00 0.00 0.14

25 Forest 0.00 0.06 0.06 0.06 0.00 0.00

26 Emergent 0.00 0.02 0.02 0.00 0.00 0.02

W 1 Forest/Emergent 0.00 0.10 0.10 0.00 0.00 0.10

W2 Forest/Emergent 0.00 0.22 0.22 0,04 0.00 0. i8

West Acquisiti9n Area

35a-d Forest/Emergent 0.04 0.63 0.67 0.27 0.00 0.40

37a-f Forest/Emergent 0.36 3.75 4.11 2.86 0.00 1.25

40 Forest 0.00 0.03 0.03 0.00 0.03 0,00

41a and bc Emergent 0.00 0.44 0.44 0.00 0.00 0.44

44a and b Forest 0.00 0.26 0.26 0.18 0.08 0.00

A5 Emergent 0.02 0.01 0.03 0.00 0.00 0.03

A6 Forest 0.09 0.07 0.16 0.16 0.00 0.00

A7 Forest 0.00 0.30 0.30 0.30 0.00 0.00
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Table 3.1-1. Summary of wetland impacts for Seattle-Tacoma International Airport Master Plan Update

improvements by construct/on project (all values are in acres) (conttnued_

Indirect Direct Vegetation Types Impacted (acres)
Wetland Impact Impact Total impact
Number Vegetation Type" (acres) (ac_s) (acre) b Forest Shrub Emergent

A8 Forest/Shrub 0.00 0.38 0.38 0.07 0.31 0.00

AI2 Shrub 0.06 0.02 0.08 0.00 0.08 0.00

A 18 Shrub 0.01 0.00 0.01 0.00 0.01 0.00

Var_ Farm Site

AI Forest/Shrub/ 0.00 0.59 0.59 0.09 0.09 0.41
Emergent

FW 5 FarmedWetland 0.00 0.08 0.08 0.00 0.00 0.08

FW 6 FarmedWetland 0.00 0.07 0.07 0.00 0.00 0.07

RiparianWetland

RI Emergent 0.00 0.13 0.13 0.00 0.00 0.13
Subtotal 1.29 12.94 14.23 6.73 1.87 $.63

South Aviation Support Area/_yee Valley Golf Course

52 Forest/Shrub/ 0.54 0.00 0.54 0.54 0.00 0.00
Emergent

53 Forest 0.00 0.60 0.60 0.60 0.00 0.00

E2 Forest 0.00 0.04 0.04 0.04 0.00 0.00

E3 Forest 0.00 0.06 0.06 0.06 0.00 0.00

G 1 Shrub (Slope) 0.00 0.05 0.05 0.00 0.05 0.00

G2 Emergent 0.00 0.02 0.02 0.00 0.00 0.02

G3 Emergent 0.02 0.04 0.06 0.00 0.00 0.06

G4 Emergent 0.04 0.00 0.04 0.00 0.00 0.04

G5 Emergent 0.47 0.40 0.87 0.00 0.00 0.87
G7 Forest/Shrub 0.00 050 0.50 O.13 0.37 0.00

Subtotal 1.IF/ 1.71 2.78 1.37 0.42 0.99

Borrow Area and Haul Road

28 Emergent 0.00 0.07 0.07 0.00 0.00 0.07

B 11 Emergent 0.00 0.18 0.18 0.00 0.00 0.18
B 12 Forest 0.04 0.03 0.07 0.00 0.07 0.00

BI4 Shrub 0.00 0.78 0.78 0.00 0.55 0.23

Subtotal 0.04 1.06 1.10 0.00 0.62 0.48

Mitigation d

Auburnarea 7 Emergent 0.00 0.02 0.02 0.00 0.00 0.02

Auburnarea 9 Emergent 0.00 0.03 0.03 0.00 0.00 0.03

Auburnarea 10 Emergent 0.00 0.07 0.07 0.00 0.00 0.07

Subtotal 0.00 0.12 0.12 0.00 0.00 0.12

TOTAL 2.40 15.97 18.37 8.17 2.98 7.22

' All wetlands are palustrme, based on USFWS wetland classification system (Cowardm et al. 1979).
b Values are rounded to two significant figures. Wetland impact may be subject to minor changes.

Thisareaincludes0.18acre ofopenwaterhabitaL
d Impactsinthisarearesult1_omaccessroadconstruction.
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Table 3.1-2.Summary. of permanent wetland impacts by projectand wetland categoo _ (in acres).

Project CategoryI1 CategoryI11 Category.IV Total
RSA 0.00 0.14 0.00 0.14

ThirdRunway 8.37 4.89 0.97 14.7.3
BorrowArea 1 andHaulRd 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 Wetlandsarecategorizedaccordingto Ecology(1993).
b Impacts result from a permanent access road inan emergentwetlandat theAuburn mitigationproject.

3.1.2 Temporary Construction Impacts

During Master Plan Update improvement project construction, a maximum of 2.05 acres of wetland

could temporarily be disturbed by construction activities, stormwater management, and temporary
erosion and sediment control (TESC) facilities (Table 3.1-3 and Figure 3.1-3) (Parametrix 2001b).

Upon completion of construction, temporarily impacted areas will be restored. Restoration
activities will include removing invasive plant species, planting native species, and regrading

temporarily impacted emergent wetlands to create higher quality forest, shrub, and open water
wetlands. 9 The category rating of these wetlands will not change as a result of the temporary

impacts or the mitigation.

Approximately 43.34 acres of wetland will be disturbed during mitigation activities (Table 3. I-4)
(Parametrix 2001b). These impacts include temporary and permanent access road construction in
wetlands and use of wetlands for temporary construction staging. Areas subject to temporary

construction impacts will be regraded and replanted following construction. At the mitigation site

in Auburn, construction impacts to emergent wetlands dominated by pasture grasses may exceed 36

months, but could be substantially less if construction windows (daily and annual) are extended.

3.1.3 Fragmentation and Indirect Impacts

Where fill impacts to wetlands result in small fi'agrnents of remaining wetlands, the remaining
wetland area has been considered permanently impacted, and tabulated in Table 3.1-1. For

example, the small areas of Wetland A6 and A8 located between the runway embankment and

proposed stormwater detention facilities may not persist as functioning wetland following

completion of the project. Fragmentation impacts were evaluated by considering if, given the
remaining fragment of wetland and the future project condition, the wetland would be capable of

providing the suite of functions it currently does. Where the remaining wetland was, as a result of
mitigation, incorporated into enhanced and protected buffers, it typically would remain functional.

If, however, a wetland fragment were to remain isolated from other more significant habitat, its
functions would be impaired and the indirect impact was considered significant. In these cases, the

area of the wetland fragment was added to the amount of direct impacts.

Methods for assessing temporary Impacts are described m Section 2.1 of the Wetland Functional Ass_'._'mentand

hnpact Analysis (Parametnx 2001b). To supplement restoration and reduce temporal unpacts, additional mitigation for
temporary trnpacts is included in this plan.
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Table 3.1-4. Summary of wetlands disturbed during mitigation activities.

Total Area Vegetation Type Disturbed (acres)

Wetland Vei_etationTypes (acres) Forest Shrub Emergent

Temporary impacts to wetlands associated with implementing mitigation that includes excavation or imtaIla_n
of temporary roads

FW 1,2, 3, 8,9,
10, and FW 11 * Fanned Wetlands 0.88 0.00 0.00 0.88

A1" Forest/Shrub/Emergent 3.74 0.56 0.56 2.62
A2" Shrub 0.05 0.00 0.05 0.00

A3" Shrub 0.01 0.00 0.01 0.00

A4 * Shrub 0.03 0.00 0.03 0.00

Auburn Area 1 b Emergent 1.55 0.00 0.00 1_55
Auburn Area 2 c Engrgem 0.06 0.00 0.00 0.06
Auburn Area 3 c Emergent 5.11 0.00 0.00 5.11
Auburn Area 4 c Emergent 0.99 0.00 0.00 0.99
Auburn Area 5 • Emergent 3.27 0.00 0.00 3.27
Auburn Area 6 _ Emergent 0.35 0.00 0.00 0.35
Auburn Area 8 • Emergent 0.60 0.00 0.00 0.60
Auburn Area 11 • Emergent 0.01 0.00 0.00 0.01

Auburn d Emergent 2.20 0.00 0.00 2.20

Subtotal 18.85 0..56 0.65 17.64

Temporary impacts in wetlands msociated with enhancement planting

18 • Forest/Shrub/Era_gent 1.27 1.27 0.00 0.00
28 f Forest/Shrub/Emergent 4.50 0.00 0.00 4.50

37a _ i Forest/Emergent 1.96 1.50 0.00 0.46

A1 ¢ i Forest/Shrub/Emergent 0.34 0.34 0.00 0.130

A9 e, i Shrub 0.04 0.00 0.04 0.00

A10 _i Shrub 0.01 0.00 0.01 0.00
A11 e_i Shrub 0.02 0.00 0.02 0.00

A13 _i Forest 0.12 0.12 0.00 0.00
A16 ¢ i Shrub/Emergent 0.05 0.00 0.130 0.05
AI7 _i, Water D Forest/Shrub/Emergent 2.85 0.27 0.53 2.05
N8, N9, N10 _ Emergent/Forest 0.86 0.08 0.00 0.78
R 1c Emergent 0.04 0.00 0.00 0.04
R2 _ i Shrub/Emergent 0.12 0.00 0.06 0.06

R3 _ ' Shrub 0.02 0.00 0.02 0.00

R4 "_' Emergent 0.11 0.00 0.00 0.11

R4 b._ i Forest/Emergent 0.11 0.03 0.00 0.08

R5 _' Emergent 0.05 0.00 0.00 0.05

RSb._ i Forest/Emergent 0.07 0.02 0.00 0.05

R6 _ t Forest/Emergent 0.21 0.05 0.00 0.16

R6 b,_ i Emergent 0.09 0.00 0.00 0.09

R7 _' Forest/Emergent 0.04 0.04 0.00 0.00

R7" _' Emergem 0.04 0.04 0.00 0.00

R8 "' Shrub/Emergent 0.40 0.00 0.20 0.20

R9 _' Forest 0.38 0.38 0.00 0.00

Natural Resource Mitigation Plan 3-9 November 2001

Seattle-Tacoma lmernational Airport 556-2912-001 (03)
Master Plan Update

AR 029332



Table 3.1-4. Summary of wetlands disturbed during maJtll_tlon a_ivi1_s (continued).

Total Area Veg_atlou Type Disturbed (_m)

Wetland Vegetatlou Types (acres) Forest Shrub Emergent
R9 L',, Forest/Shrub_mergent 0.30 0.30 0.00 0.00

R10"i Shrub 0.04 0.04 0.00 0.00

R11 _ i Emergent 0.42 0.00 0.00 0.42

RI2 _ i Forest 0.03 0.03 0.00 0.00

R13 _i Emergent 0.12 0.00 0.00 0.12

RI4L_ i Shtub/Emtageat 0.13 0.13 0.00 0.00

R14 b'_ i Emergent 0.08 0.00 0.00 0.08

R15 L_i Fonmt/Shru_ent 0.79 0.25 0.40 0.14

R15b'_ i For_dF.mergeat 0.25 0.06 0.00 0.19

RI 7 e,J Forest 0.31 0.31 0.00 0.00

Waters B, D, Open Water 0.21 0.00 0.00 0.21 j
V1 and V2 s

Auburn _ Emergent 9.13 0.00 0.00 9.13

Subtotal 25.35 5.26 1.28 18.03

TOTAL 43.34 5.82 1.93 35.67

' Temporary impacts will be associated with restoration activities at the Vacca Farm site. Wetlands AI and farmed
wetland(FW) IIextendoff-site.Valuesgivenarefortbeportionofthewetlandoccumng on site.

b Temporaryimpactsresultfi'omconsU'uctingtemporaryroadstoprovideacc_s tothemitigationsite.
c Excavationactivitiesinwetlandsatoff-sitemitigationareatoincreasehabitatdiversity/complexitywillinclude

constzuction of temporary roads to access the intmor portion of the site to conduct momtoring and maintenancm
activities, and creation of approximately 3 acr_ of temporary staging area.

e Maximum of 2.20 acres of existing off-site ditches and FW wild be converted to a wetland drainage channel that
connects the mitigation site to the 100-year floodplain of the Green River.

• Enhancementsactivitiesinthesewetlandsmay includeexcavationfortemporaryirrigationsystems.

f Planting and removal of culverts will occur m the wetland located at the Tyee Valley Golf Course.
g Existing drain fileswillbe removed andnatmalwetlandtopography restored.
b Mowing, discmg, and planting will occur in an existing low quality emergent wetland.
i Thesewetlandsarein theMiller Creekbuffer.

The calculated permanent impacts to wetlands (18.37 acres) also include about 2.4 acres of indirect
wetland impacts (see Table 3.1-1) that could occur in certain locations where there arc changes to
wetland hydrology, shading, or fragmentation resulting in loss of wetland functions (Parametrix
2001b). While these indirect impacts could result in the loss of some wetland functions flom an
area, they may not necessarily remove all functions. For example, where the SASA bridge crosses
Wetland 52, shading will eliminate wetland vegetation and therefore, some wildlife habitat function
will be lost fi-om this wetland. The wildlife corridor and hydrologic functions provided by this
wetland will remain. In other areas, if wetland hydrology were reduced or eliminated, vegetation
would remain and habitat or other functions would continue to be provided. Even though indirect
impacts will not, in all cases, eliminate all wetland functions, these impacts are mitigated at ratios in
excessof3:1.

Otherindirectimpactsto wetlandsthatcouldaffecttheirfunctionincludenoiseand human
disturbance,changesinwaterqualityimpacts,andchangesinsurfacehydrology.Theseimpacts
couldalterorreducethelevelofsome functions,butwouldnoteliminatethewetlandsthemselves

or their functions. These impacts am also mitigated by this plan because, in most cases, land use
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conditions that have degraded these wetlands areremoved, and restoration actions are implemented
to enhance wetland function (Parametrix 2001b).

3.1.4 Watershed Impacts

The wetland impacts, minimum amount of known wetlands, and wetland restoration actions are
summarized by the on-site sub-watersheds of Water Resource Inventory Area (WRIA) 9 in Table
3.1-5. The Master Plan Update improvements result in about 3.3 to 4.0 percent of wetlands in these
sub-basins. In all cases, because of the physical attributes of the mitigated wetlands, including their
hydrologic connectivity, the mitigation provides Category 111wetlands and buffers. These losses
are compensated on-site by mitigation described in Sections 4, 5, and 7.

3.2 STREAMS

Impacts to streams resulting from Master Plan Update improvements include filling approximately
980 ft of Miller Creek (Figure 3.2-1). Filling a portion of Miller Creek to accommodate the runway
embankment and road relocations will result in a loss of surface water conveyance that must be
replaced through mitigation (see Section 5.2). The section of Miller Creek to be relocated, adjacent
to the Vacca Farm site, is an artificial (ditched) stream channel constructed in silty soils. The

natural stream was moved to its present location and constructed as a straight channel to improve
the area for farming; consequently, it provides limited fish habitat.

3.3 FLOODPLAINS

Fill for the proposed Master Plan Update improvements will result in the loss of approximately 5.24
acre-ft of floodplain storage where the segment of Miller Creek will be relocated (see Figures 1.3-2
and 3.2-1). Without mitigation, encroachment on the floodplain would result in loss of flood
storage capacity and potential increases in flooding in downstream areas.
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Table 3.1-5. Changes in wetland and aquatic habitat areas in the Miller, Walker, and Des Moines Creek
basins (WRIA 9).

Watershed and Sub-Area Area Impact Restoration

Miller Creek Basin

ArborLake 3.7 0.00 0.00

LakeBurien 30 0.00 0.00

Riparian wetlands near S. 144s' Way ZOO 0.00 0.00

Tub Lake Peatland/N. SeaTac Park Wetlands 21.01 0.00 0.00

North Employee Parking Lot Wetlands 1,2 0.81 0.00 0.00

Des Moines Way Nursery 0.86 0.00 2.00

Runway Safety Areas/North End 27.84 2.75 0.40

VaccaFarm Mitigation 8.07 0.00 6.60

MillerCreekRiparian 1.05 1.05 0.03

ThirdRunway Embankment 15.74 11.03 I._..22

Total 111.08 14.83 10.23

NET CHANGE*: -4.5 acres -4.0%

Walker Creek Basin

Wetland 43 33.43 0.00 0.00

Wetland 44 3.08 0.54 0.28

Miscellaneous 0.99 0.99 0.00

Total 37.5 1.53 0.28

NET CHANGI_: -1.25 acres -3.3%

Des Moines Creek Basin

WSDOT Wetland B 6.60 0.00 0.00

Bow Lake Wetlands 25 0.00 0.00

SASA Area 7.22 2.95 0.17

Borrow Areas 24.24 1.04 0.00

Tyee Valley Golf Course 38.51 0.07 0.00

Total 101.57 4.06 0.17

NET CHANGE*: -3.89 acres -3.8%

TOTAL 250.15 20.42 10.68

NET CHANGE -9.74 acres -3.9 %

a Estimates of changes exceed actual changes, because they do no include riparian wetlands outside the project area,
wetlands at the mouths of Miller, Walker, and Des Moines Creeks, or other wetlands that are likely to be present on
undeveloped or developed areas. See Tables 4.1-2 and 4.1-3 in Section 4 for a summary of the mitigation planned to
compensate for wetland functions associated with these changes.
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Flooding impacts in the Miller Creek basin as a result of the project are unlikely because required
mitigation will include adherence to floodplain development standards and floodway management
requirements of FEMA, FAA, Ecology, King County, and the City of SeaTac. Floodplain
development standards prohibit any reduction in the 100-yr floodplain or base flood storage volume.
Compensatory mitigation is required for any proposed tilting of the 100-yr floodplain to achieve no
net loss in flood storage capacity.

Temporary floodplain impacts during construction could include temporary fill for construction
access roads and construction m the floodplain as floodplain and wetland mitigation plans are
implemented. Since construction will occur during the dry season when the probability of a
significant flood is very low, this potential impact is not significant.

3.4 DRAINAGE CHANNELS

Construction of the runway embankment will fill approximately 1,290 ft of three drainage channels
near 12e_Avenue (Figure 3.4-1) and portions of an agricultural drainage channel at the Vacca Farm
site. Portions of Channels A, W, and B will be filled to accommodate the embankment for the third
runway (see Figure 3.4-1). These channels do not contain fish habitat. Their primary function is to
convey roadside runoff and seepage flow from the hill slopes to the riparian wetlands adjacent to
Miller Creek. Without mitigation, filling these channels could result in reduced base flows reaching
Miller Creek; however, mitigation actions to reroute seepage and stotmwater flow to the riparian
wetlands will continue to provide comparable base flow to the stream. Because appropriate
mitigation actions will be implemented (see Section 5.2.3), no impacts to Miller Creek will occur
from filling these drainage channels.

A drainage ditch located in the Vacca Farm site (see Figure 2.1-4) parallels Miller Creek for
approximately 800 ft. The ditch, which is part of Wetland A1, provides positive drainage for the
adjacent farmland, connecting to Miller Creek near South 156e_Way. A portion of the channel
(approximately 400 ft) would be restored to natural wetland grades and vegetation.

3.5 WATER QUANTITY AND WATER QUALITY

The permanent activities associated with implementation of the Master Plan Update improvements
will include grading, filling, paving new streets and runways, and constructing new buildings.
These improvements will increase impervious surface areas in the Miller Creek and Des Moines
Creek watersheds. Details describing stormwater quality and quantity can be found in Section 6.

Additional impervious surfaces could further increase stormwater runoff rates and volumes, and

pollutant loads to the receiving streams. Unless mitigated, changes in runoff are expected to
increase flooding and erosion, and degrade instream habitat and water quality in Miller Creek
downstream of stormwater inputs from the improved areas. The impervious surface areas could
reduce the groundwater recharge occurring in the development footprints, resulting in less
groundwater seepage during low-flow periods.

Operational impacts to water quality from fuel spills that could occur where fuel is routinely
handled are avoided by routing runoff to the IWS through an established drainage system. Such
spills do not enter the stormwater system, and thus do not discharge to wetlands, streams, or other
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surface waters. Emergency fuel spills that occur outside the fuel handling areas could enter the
stormwater drainage system (SDS), where they can be controlled and tw,at_ through emergency
actions.

In the Miller Creek basin, Master Plan Update improvement projects will result in a net increase of
105.6 acresl° of impervious surface area, increasing the overall impervious area in the basin by
about l percent above the existing baseline condition (about 23 percent of impervious surface
[Parametrix 2000a, 2001a]'). In the Walker Creek Basin, Master Plan Update improvements will
result in an increase of 6.2 acres. In the Des Moines Creek Basin, Master Plan Update
improvements will result in an increase of 128.2 acres of impervious surface, increasing the ovendl
impervious area in the basin by about 4 _t above the existing base condition (approximately 32
percent impervious [Parametrix2000a, 2001a]). A total of 417 acres will drain to the IWS under
fumm conditions.

The new impervious surfaces could increase stonnwater runoff rates _AA 1996) and volmnc_.
Unless mitigated, changes in runoff are expected to increase flooding and erosion and degrade
instmam habitat and water quality in Des Moincs and Miller C_ks downstream of stormwater
inputs from the improved areas. Chinook salmon (Orwor_/ms _/_$c/_) critical habitat in the
estuaries of Miller and Des Moincs Creeks will not bc directly al_cd by runoff from new
impervious surfaces in the Master Plan Update improvements. In addition, existing hydrologic
impacts from existing imnervious surfaces will be mitigated.

The impacts of these actions are further discussed in the project Environmental Impact Statement
(EIS) and Comprehensive Stormwater Management P/an (Parametrix 2000a, 2001a). Without the
proposed mitigation id_nfifivd in Section 6.I of this report, this new impervious surface could cause
increased flooding, erosion, and habitat and water quality degradation in the Miller and Des Moines
Creek watershezts. The Comprehensive Stormwater Management Plan summarizes the 1994 base
watershed drainage area conditions and futur_ conditions for Miller and Des Moinvs Crveks
(Parametrix 2000a, 2001 a).

J0The net change in hnpvrvious area includes a reduction of approxima_ly 50 acres of impervious surfaces (s_ts,
driveways, and rooftops) that will result when existing houses and streets ate removed in the acquisition area.
Demolition in these areas is ongoing and is expected to be completed by 2002. Over 75 acres of the acquisition area is
preserved as on-site mitigation.
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4. SUMMARY OF MITIGATION, MONITORING,
MAINTENANCE, AND CONTINGENCIES

This section provides an overview of the mitigation, performance monitoring, maintenance, and
contingency actions incorporated into the Master Plan Update improvements to mitigate adverse
project impacts to wetlands, sl_eams, floodplains, and drainage channels. 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.

The mitigation strategy (summarized in Section 4.1) focuses on compensatory mitigation actions to
replace wetland and stream functions impacted by the Master Plan Update improvements
(Parametrix 2001b). Key elements of the compensatory mitigation plan are targeted at restoring
functions on-site and include sediment and nutrient retention (water quality), organic carbon
production and export, surface water storage (floodwater detention and storage), and aquatic habitat
functions (e.g., instream aquatic habitat and riparian habitat), as discussed in Section 4.1.

Section 4.2 discusses how mitigation sites and the beneficial ecological functions to be established
on them will be protected in the long term. This section describes the establishment and
enhancement of protective buffers, the adequacy of buffers to protect the desired functions from
potential impacts, and long-term protection by establishing restrictive covenants.

The Port's mitigation plans include enforceable performance standards (Sections 5.1, 5.2, and 7)
and a long-term monitoring plan, described in Section 4.2. Monitoring and evaluation of the
projects against these performance standards will allow the success of mitigation projects to be
evaluated by the Port and regulatory agencies and provide assurance that the ecological benefits of
the mitigation are ultimately achieved. The monitoring section discusses the adaptive management
approach that the Port will use to evaluate performance of the mitigation site and implement
contingency measures if performance standards are not met. In addition, Section 4.3 summarizes
the monitoring methods to evaluate hydrology, vegetation and wildlife habitat on the mitigation
sites, the monitoring and control of hazard wildlife (USDA 2000), and an integrated weed
management strategy for managing invasive non-native plant species.

Mitigation types proposed by the Port in this mitigation plan meet the mitigation criteria defined by
ACOE (2001) in Regulatory Guidance Letter (RGL) 01-1. These mitigation types include:
establishment (at Auburn); restoration-rehabilitation (on-site and at Auburn); restoration-re-
establishment (on-site); enhancement (on-site and at Auburn); and protection (on-site).

4.1 MITIGATION STRATEGY

The primary strategy for mitigating natural resource impacts was to design the least damaging
practical alternative to avoid and minimize wetland and stream impacts. Where impacts to wetlands
and streams were found to be unavoidable, compensatory mitigation is proposed such that there is
no net loss of wetland functions or area. The functions targeted in the design of the mitigation
projects, were based on the functions impacted by wetland loss (see Parametrix 2001b) and by
designing the mitigation sites with the habitat or other attributes required to provide the desired
ecological functions.
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The mitigation plan also proposes mitigation areas in excess of impact areas to account for the
temporal losses of wetland function (losses of function over time) from both ternporary and
permanent impacts. The potential uncertainty in mitigation success is also recognized by the
increased acreage of mitigationJ l The comprehensive approach that the Port has taken to avoid,
mininuz"e, rectify, and compensate for impacts to wetlands and aquatic resources is summarized in
Table 4.1-1, Figure 4.1-1, and Figure 4.1-2. The compensatory wetland and stream mitigation
projects are summarized in Table 4.1-2. The recommended preference for selecting wetland
mitigation sites in Washington is as follows: (1) on-site and m-kind; (2) off-site, within the
watershed, and in-kind; O) off-site, out of the watershed, and in-kind; and (4) off-site, out of the
watershed, and out-of-kind (Ecology 1990). The Port's proposed mitigation for wetland impacts
has followed these recommendations. Therefore, most mitigation for impacts to wetland, stream,
and floodplain functions are on-site and in-kind, occurring within the Miller and Des Moines Creek
basins.

On-site mitigation actions in WRIA 9 are summarized in this Section 4.1.1, and described in detail
in Section 5 (for aquatic habitat, floodplain, stream, and wetland restoration) and Section 6 (for
water quality and water quantity). Off-site wetland mitigation in WRIA 9 is proposed to replace
avian wildlife habitat and is summarized in Section 4.1.2, and described in detail in Section 7.

Mitigation for the loss of ecological functions provided by wetlands unavoidably impacted meets or
exceeds requirements to mitigate for lost wetland area and functions (Table 4.1-3 and Table 4.1-4).
In Miller and Des Moines Creek basins, the Port proposes to restore and enhance non-avian habitat
wetland functions on over 34.3 acres of wetlands and aquatic habitat, providing mitigation for
impacts to 18.37 acres. Buffers associated with restored streams and wetlands in the basin will total
approximately 55 acres. 12 Off-site mitigation at the Auburn mitigation site will consist of creating
approximately 30 acres of new wetlands, enhancing 19.5 acres of existing emergent wetlands, and
creating approximately 15.9 acres of forest and buffer habitat.

Additional mitigation to replace ecological functions will be provided in the form of funding for
stream enhancement and provision of extensive buffers and on-site water quality and water quantity
controls on stormwater runoff. These mitigation actions provide further assurance that all wetland
functions potentially impacted are replaced, and there is significant ecological restoration of the
impacted watersheds.

1_The uncertainty in the ultimate success of the mitigation projects is greatly reduced by careful design that is based on

several years of observations of mitigation site conditions. Uncertainties are further reduced by requtrements for a 15-

year monitoring period, identification of enforceable performance standards, planning of contingency options, and an
adaptive management approach to monitoring the projects.

t2 The size and adequacy of the buffers proposed to protect existing and proposed functions at mitigation sites are
discussed m Section 4.2 and as part of the detailed description of each project.
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Table 4.1-1. Summary of mitigation actions and their relation to National Environmental Policy Act, State
Environmental Policy Act, and Clean Water Act mitigation sequencing requirements.

Mitigation Requirement Proposed Mitigation Action

New Third Runway

Avoid the impact by not Avoid fill in wetlands and Miller Creek by desiLLmingthe runway to meet the
taking a certain action or minimum operational, engineering, safety, and maintenance standards.
parts of an action. Locate, where feas_le, permanent stormwater detention ponds in uplands. Avoid

excavation within 50 ft of Category II and III wetlands in Borrow Area 3.

Avoid wetlands in Borrow Area 1 where practical

Consmlct retainin_ wails at the northwest end of the runway to reduce impacts to
Miller Creek and Category II wetlands (Wetlands 8, 9, and A1) located at the north
end oftheproject.

Install a retaining wall near the west-central portion of the embankment to reduce
impacts to Category 11Wetlands 18 and 37 and avoid relocating a second segment of
Miller Creek.

Minimize the impact by Place a retaining wall near the southwest end of the nmway to reduce impact to a
limiting the degree or Category II wetland (Wetland 44).

magnitude of the action- Design Borrow Areas 1and3 witha 150- to 200-fi setback from Des Moines Creek
to minimiTe potential impact to the stream and its buffers.

Implement stormwater pollution prevention plans (SWPPPs) prior to any
construction project.

Rectify the impact by Remove temporary stormwater management facilities located in wetlands following
restoring the affected construction. These disturbed areas will be restored to pre-construction conditions
environment.

Reducetheimpactover Establishandenhancea 100-ftavcragc(mimmum 50-fi)forestedbufferonboth

timebypreservationand banksofMillerCreektoreducepotentialconstructionandoperationalimpactsto
maintenanceactionsduring riparianwetlandsandaquaticresources.

thelifeoftheaction. Maintainhydrologytowetlandsby directingseepagewaterfromtheembankmentto

wetlandsdownslopeoftheembankment(HartCrowser2000c,2001b;AppendixQ).

Providewaterquantityand waterqualitymitigationtoprotectaquatichabitatm
MillerCreekfzomstormwaterimpactsduringoperation-

Reducetemporallossesfzomconstructionby addingadditionalmitigation(Wetland
AI7).

Compensate for the impact Restore thc Vacca Farm wetland/floodplain area, including fdl removal, creating
by rcplacing, c_hancing, or ncw floodplain, restonng wetland hydrology and vegetation, and providing
providing substitute protective buffers.
resources. Restore and enhance Miller Creek insu'cam habitat in the Vacca Farm area.

Restore natural channcl morphology to a ditched and channclizcd reach of the
stream.

Enhanccinstzcamhabitatand placcLWD inMillerCrcckand enhanceadjacent
riparianbuffersbetweenVaccaFarm andDes MoinesMemorialDrivc.

EnhancewetlandsalongMillerCreekwithinthe 100-fibufferby restoringnative

vegetationandremovingmvasivcnon-nativespecies.

Constructreplacementdrainagechannelswcstoftheembankment toreplacefilled
dramagcchannels.
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Table 4.1-1. Summary. of mitigation actions and their relation to National Environmental Policy. Act. State
Environmental Policy Act, and Clean Water Act mitigation sequencing requirements (continued).

Mitigation Requirement Proposed Mitigation Action

Restore wetlands on the Tyee Valley Golf Course, including restonng wetland
vegetation to reduce wildlife hazards and improve water quality.

Restore and enhance wetlands, buffers, and Miller Creek at the Des Moines Way
Nursery site.

Reduce temporal losses by providing wetland additional enhancement as mitigation
for temporary impacts.

Enhance aquatic habitat in Des Moines Creek by restoring a 100-ft-wide
forest/shrub buffer along the stream between the Northwest Ponds and the proposed
SR 509 right-of-way (ROW).

Provide a $300,000 trust fund to enhance fisheries habitat in Miller and Des Moines
Creeks.

Create replacement wetlands at an off-site location for the loss of wildlife habitat
within 10,000 ft of the airport runways.

Monitor mitigation projects for compliance with performance standards and other
permit conditions.

Monitor stormwater runoff for compliance with National Pollutant Discharge
Elimination System (NPDES) requirements.

Monitor remaining wetlands downslope of the new embankment (i.e., between the
embankment and Miller Creek) for indirect impacts to wetland hydrology.

Runway Safety Areas

Avoid the impact by not Construct retaining walls to support relocated South 154 thStreet and avoid permanent
taking a certain action or fill in Wetlands 3 and 4.
parts of an action.

Minimize the impact by Construct retaining walls to support relocated South 154 thStreet and reduce
limiting the degree or permanent fill and minimize temporary impacts in Wetland 5.

magnitude of the action. Implement SWPPPs prior to any construction project.

Rectify the impact by Restore wetland areas temporarily impacted by required TESC facilities and provide
restoring the affected additional mitigation (Wetland AI7) to reduce temporal losses.
environment.

Reduce the impact over Provide water quantity and water quality mitigation to protect wetlands and other
time by preservation and receiving waters from stormwater impacts during operation.
maintenance actions during
the life of the action.

Compensate for the impact Restore the Vacca Farm wetland/floodplain area to provide hydrologic and water
by replacing, enhancing, or quality functions.

providing substitute Create replacement wetlands for wildlife habitat (greater than 10,000 ft from the
resources, an-port runways at the Auburn site).

Monitor the impact and take Monitor remaining wetlands for indirect impacts to hydrology.
appropriate corrective Monitor mitigation projects for compliance with performance standards and other
actions, permit conditions.

Monitor stormwater runoff for compliance with NPDES requirements.

South Aviation Support Area

Avoid the impact by not Design the SASA footprint to avoid relocation of Des Moines Creek.

taking a certain action or Temporary impacts to Des Moines Creek and Wetland 52 are not anticipated.
parts of an action.
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Table 4.1-1. Summary of mitigation actions and their relation to National Environmental Policy Act, State
Environmental Policy Act, and Clean Water Act mitigation sequencing requirements ¢continued).

Mitigation Requirement Proposed Mitigation Action

Minimize the impact by Design the SASA to avoid direct impacts to forested wetland (Wetland 52) that
limiting the degree or provides groundwater discharge functions.
magnitude of the action.

Reduce the impact over Design water quantity and water quality mitigation to protect wetlands from
time by preservation and stormwater impacts.
maintenance actions during
the life of the action.

Rectify the impact by Restore potential temporary impacts to Des Moines Creek and Wetland 52.
restoring the affected
environment.

Compensate for the impact Restore wetlands on the Tyee Valley Golf Course to provide water quality and
by replacing, enhancing, or hydrologic benefits to replace lost wetland functions.

providing substitute Construct replacement wetlands for wildlife habitat (greater than 10,000 ft from the
resources, ah'port runways at the Auburn site).

Enhance and restore a 100-ft-wide forest/shrub buffer along Des Moines Creek to
enhance aquatic habitat.
Provide a trust fund for enhancement of fisheries habitat of Des Moines Creek.

Monitor the impact and take Monitor Wetland 52 for indirect impacts to wetland hydrology.

appropriate corrective Monitor mitigation projects for compliance with performance standards and other
actions, permit conditions.

Monitor stormwater runoff for compliance with NPDES requirements.
On-site Borrow Source Areas

Avoid the impact by not Redesign development areas within Borrow Areas I and 3 to avoid excavation of 12
taking a certain action or wetlands (Wetlands B 1, B4, B5, B6, B7, B9, B 10, B 15a, B 15b, 29, 30, and 48).
parts of an action.

Minimize the impact by Establish a 150- to 200-fi buffer between Borrow Area 1 and Des Moines Creek to
limiting the degree or avoid impacts to stream hydrology and riparian buffers.

magnitude of the action. Follow a TESC Plan to eliminate siltation reaching wetlands or Des Moines Creek
from excavation activities.

Establish final surface grades in Borrow Area 1, and construct interceptor swale
system in Borrow Area 3, to direct surface water runoff and groundwater seepage to
wetlands near borrow areas, and nunimize and avoid indirect hydrology impacts.

Reduce the impact over Maintain BMPs throughout the operating period to ensure adjacent wetlands will be
time by preservation and protected from adverse consla-uction-related activities.

maintenance actions during Preserve wetlands and buffers adjacent to Borrow Area 3.
the life of the action.

Compensate for the impact Restore wetlands on the Tyee Valley Golf Course to compensate for water quality
by replacing, enhancing, or and hydrologic support functions impacted in the Des Moines Creek basin.

providing substitute Enhance a 100-ft-wide forest/shrub buffer along Des Moines Creek to enhance
resources, aquatic habitat.

Provide a trust fund for enhancement of fisheries habitat of Des Moines Creek.

Monitor the impact and take Monitor Wetlands B 1, B4, B5, B6, B7, B9, B 10, B 15a, B 15b, 29, 30, and 48 for
appropriate corrective potential indirect impacts to wetland hydrology from excavation activities.

actions. Monitor stormwater runoff and TESC for compliance with NPDES requirements.
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Table4.1-3.Summary ofwetlandmitigationcreditforSe_ttle-TaeomaInternationalAirportMasterPlanUpdate
improvements. (All impacts and mlfigatlon occur in WR/A 9.)

Mitigation Mit_tlon Area (ac) Mitigation Credit

ON-SITE

Wetland Restoration- _t ratio 1:1

Remove Fill Adjacentto Lora Lake 1.00 1.00

Remove Fill at Des Moines Way Nursery Site 2.00 2.00

Remove Fill at Wetland A17 0.30 0.30

Vacca Farm (priorconverted cropland and otherupland) 6.60 6.60

Temporary Impacts 2.05 2.05
Subtotal 11.95 11.95

Wetland Enhancement- Credit ratio 1:2

Des Moines Way Nursery 0.86 0.43

Vacca Farm(Farmed Wetland, Other Wetlands, Lora Lake) 5.70 2.85

Wetlands in Miller Creek Wetland and Riparian Bufl_ 10.25 5.12

Tyce Valley Golf Com'se 4.50 2.25

Wetland in Des Moines Creek Buffer 1.01 0.51

Subtotal 22.32 11.16

Buffer Enhancement- Credit ratio 1:5

Miller Creek Buffer, South of Vacca Farm 40.86 8.17

Vacca Farm 4.58 0.92

Lora Lake 1.81 0.36

Tyee Valley Golf Course Mitigation Area Buffer 1.57 0.31

West Branch Des Moines Creek Buffer 3.38 0.68

Des Moines Way Nursery 2.7____3 0.55
Subtotal 54.93 10.99

Preservation - Credit Ratio 1:10

BorrowArea 3 Wetland 2.35 0.24

Borrow Area 3 Buffer 21.20 2. !0

Subtotal 23.55 2.34

Total On-Site • b112.75 36.44

OFF-SITE

Wetland Creation c - Credit ratio 1:1

Forest (17.20 acres), shrub (6.0 acres), emergent (6.20 acres), and open 29.98 29.98
water (0.60 acres)

Wetland Enhancement - Credit ratio 1:2 19.50 9.75

Buffer Enhancement - Credit ratio 1:5 15.90 3. ! 8

Total Off-Site 65.38 42.91

TOTAL 178.13 79.35

a Mitigation credit has not been assigned for relocating a portion of Miller Creek channel, instream enhancement
projects, drainage channel replacement, or a $300,000 trust fund for watershed restoration.

b In- basin mitigation area divided by wetland impacts (18.37 acres permanent plus 2.05 acres temporary)
provides a 5.5:1 aerial replacement ratio.

c Based on maps of hydric soils, mitigation can be also characterized as restoration.
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Table 4.1-4 Wetland acreage impacts and ndtipUon by wetland function.

On-Site" Auburn

Function Impact b Acres Credit Acres Credit Comment

Resident/ 8.6 74.60 30.42 On-site mitigation includes mitigation for direct
Anadromous Fish impacts to Miller Creek and iii_ impacts that

may occur through almmtion of riparian and
hydrologically connccmd wetlands. For the

' ' Miller C'ttek enhanccm¢nt areas, lmtter
averaL,ing areas greater than 100-feet fxom Miller

wct¢ excluded from l_rovidi_r-_tis
fun_oa

Passerine Birds 14.9 - - 65.38 42.91 On-site mitigation credit is not sought for this
fimction due to potential wildlife managem_t
actions.

Waterfowl 1.9 - - 6.80 6.80 On-site mitigation credit is not sought for this
function due to potential wildlife management
actions.

Amptn'bians 9.8 87.05 31.95 65.38 42.91 The Lora Lake shoreline restoration, restoration
at the nm'sery site, removing human uses, and
establishing native plant communities provided
by the on-site mitigation will provide habitat for
severalspecies.

SmallMammals 13.2 87.05 31.95 65.38 42.91 Wetland restoration and enhancement,

eliminating human uses,and establishing native

plant communitiesprovided by the on-site
mitigationwillprovidehabitatforseveralspecies.

Exports Organic 10.9 87.05 31.95 On-site mitigation includes increasing production
Matter and qualityof organic matter in wetlandsand

riparian areas through restorationand
enhancemenL Maintenance actions that remove

organic matter from wetlands, streams, and
buffers will also be removed.

GroundWater - Impactstothisfunction,providedby slopeand
Exchange riparianwetlands(13.6acres),are avoidedby

projectdesignandby low flowaugmentation.

Flood Storage 4.6 4.6 4.6 25 25 This function is mitigated on-site by new flood
storage at Vacca Farm and by stormwater
detention facilities that arc designed to maintain
or decrease peak stream flows during flood
events.

Nutrient/Sediment 16.3 87.05 31.95 65.38 42.91 In basra mitigation for this function is provided
Trapping by wetland restoration and enhancement and by

thechangesm landuse thatconvertpollution

generating land uses in mitigation areas to native
vegetation. The retrofitting of existing pollution
generating surfaces with BMPs for water quality
treamaent also improve water quality of runoff.

a Preservation of wetland and buffer near Borrow Area 3 is excluded _om this table.
b

FunctionalratingsforWetlandsthatexceedlow areincludedinthesevalues.

Natural Resource Mitl"gation Plan 4-14 November 2001

Seattle-Tacoma International Airport 556-2912-001 (03)
Master Plan Update

AR 029354



However, all mitigation areas (including but not limited to wetlands, streams, buffers, and
floodplains) and other lands located within 10,000 ft of a runway are subject to the provisions of the
Port's WHMP (USDA 2000) for management of wildlife and wildlife attractauts (FAA Advisory
Circular 150/5200-33). No open-water habitat is to be created within 10,000 ft of the airfield as part
of this mitigation plan. As explained in this plan, on-site mitigation is planned to reduce certain
existing wildlife hazards to comply with FAA mandates regarding wildlife attractants near airports.
Thus, on-site mitigation focuses on providing aquatic habitat enhancements for fish, amphibians,
and invertebrates when such can be azcomplished without increasing waterfowl use. On-site

mitigation also replaces flood storage functions impacted and enhances the biological and physical
functions of riparian areas near Miller and Des Moines Creeks. These areas will provide small
mammal and song bird habitat, though this is not their primary purpose.

Mitigation for wildlife habitat (bird and small mammals) is provided off-site. The off-site
mitigation is designed to provide a large, high-quality, diverse wetland system and is located in the
City of Auburn. At this site, habitat mitigation can be provided that is consistent with the FAA
Record of Decision (1997c) and Advisory Circular 150/5200-33 and RGL 01-1 (ACOE 2001)
regarding wildlife attractants and mitigation near airports.

4.1.1 On-Site Mitigation

Following the recommended preference for on-site mitigation, a number of on-site mitigation
elements are proposed to compensate for Master Plan Update improvements affecting wetlands,
hydrology, water quality, and aquatic habitat in the Miller and Des Moines Creek basins.
Mitigation projects in Miller and Des Moines Creek basins are designed to replace all lost wetland
functions with the exception of avian habitat. On-site mitigation is also directed toward removing
certain existing land use conditions that, over time, have contributed to degraded wetland and
aquatic habitats in these basins. The mitigation projects designed for the Master Plan Update
improvements (see Table 4.1-2 and Figure 4.1-3) have been developed in direct response to agency
guidelines for on-site functional mitigation.

4.1.1.1 Miller Creek Basin

The focus of mitigation in the Miller Creek basin is to restore and enhance ecosystem functions to
the aquatic/wetland systems along a significant portion of Miller Creek. Mitigation actions in the
Miller Creek basin will restore wetland, stream, and riparian functions to a 1.5-mile reach, or
approximately one third of the entire length of Miller Creek.

The Miller Creek watershed has been modified and habitats degraded by historical and on going
agricultural, residential, commercial, and industrial development. Approximately 80 percent of the
watershed has been converted from its original forested condition to residential or commercial land

Natural Resource Mia'gation Plan 4-15 November 2001

Seattle-Tacoma International Airport 556-2912-001 (03)
Master Plan Update

AR 029355



Parametrix, Inc.

; I APPROXIMATELY
LORA LAKE 714 UNEAR FEET OF

CONCRETEBULKHEAD

LORA LAKE BUFFER PROPOSED -
ENHANCEMEWI , _, S. 154TH ST.

MILLER CREEK '.: ,RELOCATION--
FLOODPLAIN
COMPENSATIONAND
ENHANCEMENTAT -- ": ::: :::":: :: ", "

VACCA FARM __ ._....

CREEK
INSTREAM L_. RELOCATION \
PROJECT AREA 1 : I \\
(SEE FIGURES 5.2-4 MILLER CREEKAND 5.2-8 AND

APPENDIX B)_ OF FILL

S. 156TH ST. BRIDGE

s. ,i
WETLAND
AND
RIPARIAN ;:.... '
BUFFER

INSTREAM ,,_
PROJECT AREA 2
(SEE FIGURES 5.2-5_" G

ANO5.2-9AND L jAPPENDIX B)--

INSTREAM :. "
PROJECT AREA 3 '_
(SEE FIGURES :.._-
AND 5.2-10 AND

APPENDIXB) AV_'_;?ING'
SEEFIGURES5.2-S AREA
AND APPENDIX B, WETLAND AND
SHEETS L1 - L6 RIPARIAN --_
FOR TYPICAL BUFFER , PONDSPLANTING PLAN

INSTREAM PROJECT AREA 4 (SEE FIGURES I
5.2-7 AND 5.2-11 AND APPENDIX B)_

BUFFER AVERAGING \ RUNWAY
LEGEND: AREA J

DETENTIONPOND '',
MILLER CREEK WETLAND AND_i'_,

_ BUFFER ENHANCEMENT __

I_'_'_._"_ BUFFER AVERAGINGAREAS
AVERAGING

AT VACCA FARM AND LORA
LAKE

FILE: 291203._F4
DATE: 11/09/01

Figure 4.1-3

I I I ] 0 Locations of Mitigation0 _50 700 Projects in the
SCALE IN 1"=700' Miller Creek Basin

AR 029356



uses (Parametrix 2000a, 2001a). Increased impervious surfaces have resulted in increased runoff
rates and volumes, which have contributed to erosion and down cutting in high-energy reaches and
increased sedimentation and habitat degradation in low-gradient reaches (FAA 1996; KCSWM
1994). Runoff from residential, commercial, and agricultural areas has increased input of sediment,
nutrients, and pollutants to the stream. Upland and wetland riparian areas adjacent to the stream
have been altered from the original forest and/or shrub cover to impervious surfaces, agricultural
fields, residential lawns, or ornamental landscaping. Native plant and animal habitat_qhave been
reduced in size and fragmented, resulting in a loss of species diversity.

The natural channel morphology of Miller Creek has been altered, particularly in reaches above
South 160" Street. Extensive areas of the channel have been armored with riprap or retaining walls,
and dredged or straightened to protect property adjacent to the stream or to drain land for
agricultural uses. For much of its length, Miller Creek lacks connections to adjacent floodplains,
floodplain wetlands, or riparian areas due to filling of adjacent wetlands, as well as dredging and
straightening of the channel to increase conveyance. These changes have resulted in a lack of
habitat complexity, a lack of woody debris in the channel, a lack of shading from riparian
vegetation, the loss of surface water storage, and degraded water quality and biotic integrity in much
of the basin.

To replace functions impacted by the Master Plan Update improvements and to restore and enhance
aquatic and wetland functions in the Miller Creek basin, the Port proposes the following specific
mitigation:

• Restore natural channel morphology, habitat complexity, and instream habitat along an
approximately 1.4-mile reach of Miller Creek extending from south of Lora Lake to Des
Moines Memorial Drive.

• Restore floodplain, floodplain wetlands, and riparian areas along the upper reaches of Miller
Creek, and re-integrate floodplains and adjacent wetlands with the stream.

• Restore, replace, and enhance wetland and aquatic habitat functions to the currently
degraded lacustrine, stream, floodplain, and riparian wetland system along the upper reaches
of Miller Creek.

• Maintain wetland hydrology and base flow functions in wetlands adjacent to the
embankment fill by providing surface water drainage features to convey groundwater and
surface water runoff from the new embankment to downslope wetlands.

• Restore and enhance wetland and aquatic functions, and protect the long-term viability of
these systems by establishing native forested buffers around wetlands and aquatic systems
from Lora Lake to Des Moines Memorial Drive.

• Restore habitat connectivity in the upper reaches of the Miller Creek basin by providing a
continuous forested wetland and riparian corridor connecting currently fragmented wetland,
aquatic, and riparian habitats between Lora Lake and Des Moines Memorial Drive.

To accomplish these objectives, mitigation projects will be concentrated in two areas along the
upper reaches of Miller Creek: (1) Lora Lake and the Vacca Farm and (2) Miller Creek and its
riparian zone between Lora Lake and Des Moines Memorial Drive.
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In addition to these projects, the Port will establish watershed trust funds to promote local stream
restoration projects in the Miller Creek basin.

4.1.1.2 Des Moines Creek Basin

Mitigation projects for the Des Moines Creek basin are designed to mitigate unavoidable project

impacts to wetlands and aquatic resources by restoring wetland and stream functions, and by
providing mitigation for potential indirect effects to wetland hydrology. Mitigation actions in the
Des Moines Creek basin will increase infiltration adjacent to the stream, reduce pollutant runoff,
increase sediment retention, and improve nutrient cycling functions in the wetland adjacent to Des
Moines Creek. To replace functions impacted by Master Plan Update improvements and to restore
and enhance aquatic and wetland habitat in the Des Moines basin, the Port proposes the following
specific mitigation:

• Restore and enhance wetland and aquatic habitat by replacing the existing tuff grass wetland
with a native shrub wetland at the Tyee Valley Golf Course, adjacent to Des Moines Creek.

• Enhance water quality and fish habitat, and restore stream conditions in Des Moines Creek
by establishing a forested buffer along at least 1,600 linear feet of the west branch of Des
Moines Creek.

• Avoid, minimize, and mitigate potential indirect hydrology impacts to wetlands adjacent to
the borrow areas by directing groundwater seepage and/or surface water runoff to wetlands
near the borrow areas.

In addition to these projects, the Port will establish watershed trust funds to promote local stream
restoration projects in the Des Moines Creek basin.

4.1.1.3 On-site Stormwater Mitigation

The Port will construct the necessary stormwater conveyance, detention, and treatment facilities to

manage runoff from both newly developed project areas and existing airport areas. These facilities
will not only mitigate new construction impacts, as required by current stormwater regulations and
mitigation goals identified during the environmental review process, but they will also help to
reduce flood peaks in these basins to further mitigate the impacts of airport stormwater discharges.

On-site stormwater facilities will be constructed in Miller, Walker, and Des Moines Creek basins at

14 separate locations and provide approximately 344 acre-ft of new storage. The following sections
describe specific mitigation to reduce stormwater impacts from Master Plan Update improvements.
Detailed information on mitigation for stormwater quantity and quality is included in the
Comprehensive Stormwater Management Plan (Parametrix 2000a, 200 la).

Stormwater Detention Based on Hi=pherStormwater Standard_

Detention storage provided for Master Plan Update improvement projects will exceed that normally
required by local regulations, and result in additional mitigation of stormwater impacts from project
areas, including reduced peak stormwater runoff impacts on Miller, Walker, and Des Moines
Creeks.
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Reduce Runoff from Existing Airport Areas With Stormwater Detention

To control runoff from areas of the airportdeveloped prior to 1994, stormwatcr detention will be
provided to mitigate existing runoff impacts. Proposed detention facilities in Miller, Walker, and
Des Moines Creeks include stormwaterdetention to mitigate impacts of prc-1994 development. In
the retrofit analysis, the pre-development flow rates assumed that existing land cover is 10 percent
impervious area, 75 percent forest, and 15 percent grass (also known as the pre-development "'target
flow regime"). Stormwater detention designs for Miller, Walker, and Des Moines Creek basins are
based on the Level 2 flow control.

Provide Infdtration at Stormwater Detention Facilities

Further improvements to low stream flows will be achieved by infiltrating stormwater at the
detention facilities. Because site conditions must be favorable for infiltration to be feasible, the Port

has evaluated infiltration for stormwater detention facility design. Ponds in the Miller Creek Basin
will use infiltration where practicable.

Water Qualiff Mitieation

The STIA Master Plan Update improvement projects are not expected to impact existing water
quality because:

• The quality of STIA runway stormwater has been shown to be comparable to or better than
regional urban stormwater.

• In contrast to existing land uses, all Master Plan Update improvements will be served by
BMPs in compliance with the Stormwater Management Manual for Western Washington
(Ecology 2001b) (e.g., bioswales, filter strips, wet vaults, infiltration).

Since Miller, Walker, and Des Moines Creeks drain urban watersheds, they have been subject to
cumulative impacts of heavy metals, oils, and grease from nearby urban highways; fecal coliform
from failing residential septic systems and adjacent farms; and suspended solids and litter carried in
urban runoff. They also receive increased levels of phosphorus and nitrogen from fertilization of
landscaping or cultivated areas. These impacts are typical of an urban environment supporting an
assortment of residential, commercial, and industrial activities. Sources of many of these pollutants
will be removed as part of the Master Plan Update improvements within the approximately 258-acre
acquisition area. Because actions to mitigate impacts to water quality will be in place, the quality of
stormwater runoff in the future will be equal to or better than current stormwater quality. A detailed
discussion of water quality benefits and mitigation is included in the Comprehensive Stormwater
Management Plan (Parametrix 2000a, 2001a).

4.1.2 Off-Site Mitigation

Off-site mitigation is proposed because FAA regulations generally prohibit the siting of potential
wildlife attractants (including wetland mitigation) within 10,000 ft of active runways. 13 The Port

13For the Master Plan Update, FAA has specified off-site wetland mitigation as a requirement of Federal funding (FAA
1997a).
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searched for wetland mitigation sites in the Des Moines and Miller Creek watersheds that could be
used to provide replacement wildlife habitat; however, these watersheds are almost totally within
the 10,000-ft exclusion area for wildlife habitat mitigation. Areas within these two watersheds that
are more than 10,000 ft from existing runways were found not to be suitable for mitigation due to

their small size, developed nature, forested condition, or the lack of hydrologic conditions necessary
to support wetlands.

To mitigate for the loss of wildlife habitat due to the Master Plan Update improvements, the Port
will cons_uct wetland mitigation off-site on a 65-acre parcel in the City of Auburn. This wetland
mitigation area will replace lost wetland functions at a minimum 2:1 replacement ratio. This
mitigation provides the opportunity to create, restore, and enhance high-quality, diverse forested,
shrub, emergent, and open water wetland habitats and functions to a site where these functions are
currently absent or degraded. Approximately 17.2 acres of forested wetland, 6.0 acres of shrub
wetland, 6.2 acres of emergent wetland, 0.60 acre of open water habitat will be created or restored.
On about 19.5 acres of emergent wetland dominated by non-native pasture grasses, native wetland
forest communities will be restored. Overall habitat functions will be enhanced by providing
approximately 11.9 acres of forested buffers around the perimeter of the site and approximately 4.0
acres of upland habitat within the interior portion of the site. Replacing habitat currently dominated
by pasture grasses with native forested, shrub, and emergent wetland plant communities will
enhance wetland functions in existing wetlands.

4.2 ECOLOGICAL FUNCTIONS PROVIDED BY THE MITIGATION

The mitigation sites have been designed to replace and enhance the ecological functions provided
by wetlands and streams impacted by the MPU projects at STIA. Mitigation also includes the
establishment and enhancement of protective buffers where none are present today. The
establishment and enhancement of these buffers at the on- and off-site mitigation areas improve the
ecological condition above baseline (or pre-project) conditions, as the buffer areas are currently
developed or otherwise degraded by various land uses. The specific functions replaced at each of
the mitigation sites are discussed below. The value of the buffers in protecting ecological functions
of the mitigation sites is also discussed below.

4.2.1 Vacca Farm Restoration and Miller Creek Relocation

Mitigation at this site focuses on replacing the Miller Creek stream channel, replacing riparian
habitat functions, replacing lost floodplain functions, improving water quality functions, improving
organic matter export functions, and reducing the habitat value of the area to waterfowl and flocking
birds. These functional changes will be achieved as described in the following paragraphs:

• Fish and Aquatic Habitat
The new stream channel will provide improved fish and other aquatic habitat because it is
designed with a number of beneficial features to cutthroat trout and other organisms that are
lacking in the present stream (see Appendix K). The primary characteristics provided by the
design are LWD, woody riparian vegetation, and substrate variability. Each of these features

will enhance fish and aquatic habitat. Increased amounts of woody riparian vegetation will
result in increased shade, allochthonous inputs (food sources in the form of coarse particulate
organic matter [CPOM] and terrestrial invertebrates), and sources of woody debris. Increased
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LWD generally provides habitat complexity, including small plunge pools, fish cover,
invertebrate substrates, variable water depths and velocities, etc. These conditions will provide
nesting, resting, and forage habitat for fish and other aquatic life. Increased streambed
variability in the form of gravel, wood, and CPOM will also increase the diversity of
invertebrate habitat. [Note that the role of LWD and riparian conditions on aquatic systems is
extensively reviewed in Allen (1995), Bisson and Bilby (1998), Bisson et al. (1987), Gregory et
al. (1986), Harmon et al. (1986), Hershey and Lamberti (1998)].

The shallow water along the margin of Lora Lake will be improved aquatic habitat compared to
existing conditions. The replacement of fill, lawns and riprap coupled with restored wetlands,
and plantings of riparian tree and shrub vegetation will improve aquatic habitat by providing

shade and organic matter input (woody debris, leaf matter, and insects) that will support fish and
other aquatic life.

• Amphibian Habitat
In Puget Sound, amphibian species using non-flooded wetland and riparian areas typically
prefer habitats dominated by woody plant communities (Brown 1985; Johnson and O'Neil
2001; Kauffman et al. 2001; Rose et al. 2001). Thus, converting farmland to shrub and forested
wetlands and buffers will improve habitat conditions for amphibians. The restored floodplain
wetlands will provide habitat for adult amphibians and breeding habitat (logs and forest soils)
for species that breed in non-aquatic habitat (e.g., red-backed salamander, ensatina). The
mitigation site will also improve amphibian dispersal because of the new South 154eaStreet
bridge that will span the floodplain of Miller Creek, and removal of the existing bridge, which
prevents movement of amphibians through riparian areas. The mitigation will also improve
connections to upstream, forested wetlands (Wetlands 1 through 9).

The removal of riprap and fill from the margin of Lora Lake will and provide breeding habitat
for amphibians that require surface water for breeding. Removing fill and restoring shrub
wetlands along the lake margin will provide non-aquatic habitat for amphibians.

• Small Mammal Habitat

Planting of vegetation in riparian areas and restoring wetlands will improve habitat for small
mammals by creating a diversity of forage and cover habitat for them. Logs and woody
vegetation added to the site will provide denning and forage areas (Brown 1985; Johnson and
O'Neil 2001; Kauffman et al. 2001; Rose et al. 2001). The new South 154_ Street bridge and
demolition of the existing bridge will improve habitat connectivity for small mammals, because
the new bridge will span the floodplain and allow unimpeded passage of small mammals. The
restoration also improves habitat connectivity to Wetlands 1 through 9 that are located north and
east of the site.

Removal of fill and restoration of shrub wetlands along the margin of Lora Lake will provide
small mammal habitat for wetland and non-wetland dependent species.

• Nutrient Retention and Sediment Trapping (Water Quality)
The new channel is designed to have overbank flow during the i-year and higher storm events.
Smaller storms will flood portions of the floodplain through backwater flooding. In each case,
floodwater flows into shrub and forested riparian areas will promote sediment trapping and
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retenfon of nutrients in the restored wetland (see Mitseh and Gosselink 2000 and Belt et al.
1992). In the riparian wetlands, planting woody vegetation will allow this function to occur at
higher levels than currently exists on the farmland or lawn areas (adjacent to Lora Lake). The
replacement of herbaceous vegetation with woody plant eommurlities would promote storage of
nutrients in organic matter (wood) which decomposes slower than herbaceous vegetation
(Harmon et al. 1986). Removal of farming and residential land use activities will remove
activities that degrade water quality (Homeret al. 1994; Los Angeles County Department of
Public Works 2000; Stem" et al. 1997; Baunerman et al. 1999; Minnesota Pollution Control

Agency 2000).

• Organic Matter Export
The new channel is designed to have overbank flow during the 1-year and higher storm events.
Smaller storms will flood portions of the floodplain through backwater flooding. As
floodwaters recede, export of dissolved and particulate organic matter from the floodplain to the
stream is likely, and will occur at higher levels because greater amounts and types of organic
matter 0eaves, twigs, branches, etc.) will be on site and available for export.

Replacing of grass-dominated riparian plants adjacent to the stream and Lora Lake with native
woody riparian vegetation will increase the amount and diversity of organic matter (i.e., readily
decomposable leaves and woody debris that is slower to decompose) available to the stream and
aquatic habitat of Lora Lake.

The high productivity expected in forest and shrub wetlands will result in accumulations of
organic matter in the saturated soil of the restored wetland. Groundwater movement through the
site and flooding will transport dissolved organic matter to Miller Creek (Fieberg et al. 1990;
Emmet et al. 1994; Dosskey and Bertsch 1994). Placement of logs in Miller Creek and
development of a natural riparian zone will help trap organic debris in the stream channel
(Bisson and Bilby 1998; Speaker et al. 1988; Bisson et al. 1987), where it will be available for
processing by aquatic invertebrates, thus benefiting the food chain.

Removal of plowing and soil drainage systems will reduce the potential loss of peat soils
through oxidation, which occurs in better-drained soils (Ford 1993). Restoring natural
hydrology and natural plant communities will provide a carbon cycle where greater amounts of
organic matter decomposes anaerobically with subsequent export from the site as dissolved
organic carbon, and accumulation on-site as organic soil.

• Groundwater Exchange
The mitigation area is predominantly a groundwater discharge area (as indicated the historical
presence of peat soils (Rigg 1958; Paulson 1953). Enhancement activities will not alter this

hydrology pattern. Restoration as wetland, including removal of some agricultural drainage
systems, would reduce the velocity of some groundwater that moves across the site.

• Flood Storage

The Vacca Farm mitigation site is designed to replace floodplain filled by the project (8,500
cubic yards) and provide a small net increase (9,600 cubic yards). The overall significance of
the wetlands and farmland in providing this function will not change.
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• Waterfowl Habitat
As directed by FAA, waterfowl habitat functions are not proposed at this mitigation area. The
current farmland will be planted with trees and shrubs to provide a complete canopy cover that
will prevent ground foraging by waterfowl. Additionally, while portions of the site will flood
during 1-year and greater storm events, the presence of standing water on the site will be for a
short duration and obscured by vegetation. Thus, it will not attract wildlife.

The pond margin along Lora Lake will be modified to reduce use by waterfowl. Replacing
lawns with riparian tree and shrub vegetation will eliminate forage and resting areas used by
waterfowl.

• Passerine Bird Habitat
Planting tall shrubs and trees on the site will reduce foraging by flocking birds. The plant
species to be planted do not provide direct food sources (i.e., fruits, nuts, seeds,berries,etc.)for
avifauna. The vegetation will produce insects that a variety of passerine birds will forage upon.
The combination of these elements will limit bird use, and shift use from flocking birds to forest

species. Planting trees and shrubs around Lora Lake could increase forage oppommity for some
birds such as kingfisher.

4.2.2 Miller Creek Buffer Wetland Enhancement

Enhancing the riparian zone along Miller Creek, including the enhancement of instream habitat,
buffers, will provide the following functions:

• Fish and Aquatic Habitat
The instream enhancements will improve habitat for fish and other aquatic organisms because
of the new beneficial features that will be added to the stream that are currently lacking. The
primary features provided are LWD, woody riparian vegetation, substrate variability, and
removal of riprap. Each of these features will enhance fish and aquatic habitat (see Cederholm
et al. 1997). Increased amounts of woody riparian vegetation will result in increased shade,
allochthonous inputs (food sources in the form of CPOM and terrestrial invertebrates), and
sources of woody debris. Increased LWD generally provides habitat complexity, including
small plunge pools, fish cover, invertebrate substrates, variable water depths and velocities, etc.
These conditions provide nesting, resting, and forage habitat for fish and other aquatic life.
Increased streambed variability in the form of gravel, wood, and CPOM will also increase the
diversity of invertebrate habitat. Removal of riprap will provide more natural channel banks
that improve invertebrate habitat and forage areas for fish. Buffer enhancement will increase
the types and amounts (terrestrial insects, plant detritus, etc.) of organic matter inputs to the
stream, thus increasing forage resources for fish and invertebrates. The role of riparian
conditions and LWD on aquatic systems is extensively reviewed in Allen (1995), Bisson and
Bilby (1998), Bisson et al. (1987), Gregory et al. (1986), Harmon et al. (1986), Hershey and
Lamberti (1998), Harmon et al. (1986), and Lassettre (1999).
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• Amphibian Habitat

The wetland and buffer enhancements that replace lawns and homes will improve conditions for

amphibians by enhancing vegetated habitat in riparian wetlands. This enhancement will provide
improved habitat for adult terrestrial amphibians. Improved habitat for terrestrial breeding
amphibians (e.g., red-backed salamander, ensatina) will be provided by increased amounts of
forest vegetation and woody debris in the Miller Creek buffer and riparian wetlands (Brown
1985; Johnson and O'Neil 2001; Kauffman et al. 2001; Rose et al. 2001). The mitigation site

will also improve amphibian dispersal because of improved connections to habitat at Vacca
Farm, Lora Lake, and other riparian wetlands.

• Organic Matter Export

Replacing grass-dominated riparian areas with native woody riparian vegetation will increase
the export of organic matter to the creek. In many places, lawn vegetation will be replaced with
tree and shrub vegetation. The higher productivity and greater structural diversity expected in
the riparian wetlands will increase the amount and diversity of organic matter (i.e., insects,
leaves, branches, trees, etc.) reaching the stream. Accumulations of organic matter in the
saturated soil and increased export to the stream as detritus and woody debris or as dissolved
carbon are likely to occur. Where riparian vegetation consists of blackberry, its replacement
with a multi-storied forest and shrub canopy will also increase the type and diversity of organic
matter reaching the stream.

Placing LWD in the stream channel and removing residential land uses, as part of mitigation,
will result in restoration of natural patterns of .organic matter storage and cycling in the stream
channel (Bisson et al. 1987; Harmon et al. 1986). For example, under residential land use, many
residents clear the riparian buffer of trees or shrubs, reducing delivery of organic matter to the
stream channel. When trees or branches do fall into the creek, they are typically removed by the
landowner. Removing these logs and branches prevents trapping of organic matter in the
channel, and promotes its conveyance downstream. Placement of logs in the stream as
mitigation will promote trapping and storage of organic matter in the mitigation site, where its
ultimate decomposition will benefit aquatic organisms.

Groundwater movement through the riparian wetlands will transport dissolved organic matter
(Ford 1993) to Miller Creek. Removing artificial bank armoring and placing in-channel woody
debris will improve overbank flow in some sections. This overbank flow, coupled with
overhanging riparian vegetation, will provide additional sources of organic matter export into
the stream channel. Where riparian wetland vegetation is currently pasture or blackberry,
planting tree and shrub communities will increase the amount and diversity of organic matter
available to the stream and wetlands.

• Nutrient Retention and Sediment Trapping (Water Quality)

Water quality functions of the buffer and riparian wetlands will improve for several reasons.

Many impacts to wetlands and the stream will be removed as a result of the project and
mitigation. For example, several dozen houses and buildings, lawns, driveways, etc. will be
removed from the mitigation area, thus removing features and land uses that contribute to the
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degradation of water q.aGty(Homer et al. 1994; Los Angeles County Department of Public
Works; 2000; Stem" et al. 1997; Bannennan et al. 1999; Minnesota Pollution Control Agency
2000). Several septic systems will be removed from the mitigation area, as will one or more
horse pasture, which also contribute to degradation of water quality. Outside of the mitigation
area, removing streets and residential land use will reduce the amount of pollutant loading to the
wetland and stream system. Restoration of these disturbed areas will increase their capacity to
provide water quality functions by establishing natural nutrient cycling pathways.

• Groundwater Exchange

The mitigation area is a predominantly groundwater discharge area and enhancementactivities
will not alter this hydrology pattern (Hart Crowser 2000c; Pacific Ground Water Group 2000,
2001). Design of the embankment and the hydrologic function of the embankment will protect
this function.

* Small Mammal Habitat

Planting riparian vegetation in riparian areas and restoring wetlands will improve habitat for
smallmammals by creatinga diversityofforageandcoverhabitatforthem.Increasedwoody
vegetationanddebriswillprovidedenningandforageareas(Brown1985;JohnsonandO'Neil;
2001;Kaufman etal.2001;Roseetal.2001).Thenew 154thStreetbridgeanddemolitionof
the existing bridge will improve habitat connectivity for small mammals using the Miller Creek
buffer.

• Passerine Bird Habitat

The buffer plants will provide limited direct food sources (i.e., fruits, nuts, seeds, berries, etc.)
for avifauna, but will produce insects that a variety of passerine birds forage upon. While not a
specific goal of the mitigation, the increased amounts of woody and forest vegetation will
provide additional and improved habitat for forest-dwelling bird species.

Buffering Miller Creek and associated riparian wetlands with 100-fl average buffers will improve
the function of the stream compared to baseline. For most functions of concern, the buffers will

ameliorate temperature control and provide/protect instream habitat. The 100-fl buffer width, in
S • l_t " " " " •ome localaons, is somewhat less than the width that would maxnmze recrmtment of large woody
debris (Table 4.2-1). At this width, some reduction in delivery of woody debris to the stream
compared to a mature forested buffer in an undisturbed area will occurJ 5 Delivery of wood above

the current baseline will be substantial because much of the buffer is currently landscaped and
homeowners remove woody debris.

_4In many locations, the combination of forested riparian wetlands, buffer-averaging areas, and lO0-fl stream buffers
exceed widths recormnendedfor this function. Where buffers are less than reconmaended distances, hazard trees can be
cut to fall into the buffer to supplement delivery of wood to buffers and creeks.

t5 In many areas, trees are absent fiom areas farther than 100 fl from the stream (the buffer averaging approach has
incorporatedseveralforestedareasbeyondthe100-flbufferintothemitigation).Sincethesearcascurrentlylacktees,
thereductionofthisfunctionwilloccurm futureyears,when plantedtreeshavegrown toheightsgreaterthanI00 ft.
This could occur after 50 to 75 years.
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Table 4.2-1. Riparian habitat buffer widths needed to protect riparian habitat functions (modified from
Knutsen and Naef 11997]).

Riparian Habitat Buffer Evaluation for Master Plan Update
Function OFt) Literature Sources Mitigation

Water Temperature Control

60-80%oshading 35to125 Brazieretal. 1973 The 100 it vegetated buffer would

35 to 120 Johnson and Ryba 1992 provide full shade of the narrow stream
channels and thus provide water

39 Corbett and Lynch 1985 t_grature control function. In limited
49 to loo Hewlett and Fortson 1982 areas where the buffer is reduced to 50 R,

full shading is also expectedto occur59 Moring 1975
because of the dense multi-layered

50-100% shading 60 to 125 U.S. Forest Service et al. planting approach.
1993

Since several buffer areas are currently
I00 LyncbetaL 1985 dist_ sbadirt_ will _ over

100 Beschtaetal.1987 time,and isnot currently optimalinall

I00 Johnson and Ryba 1992 locations.

100m 141 Jones et aL 1988

80% shading 151 Steinbinm_ et al. 1984

Large Woody Debris

100 Murphy andKoski1989 The mitigation places a substantial

103 Bottom etal. 1983 amount of LWD in the sneam at
construction. The stream buffer

148 Harmonetal. 1986 mitigation will substantially improve
150 McDade et al. 1990 recruitment of LWD over existing

150 RobisonandBeschta 1990 conditions. When trees in the buffer
reachmatureheightsin60 to120 years,

165 Van Sickle and Gregory recruitment will be somewhat reduced (5
1990 to 15%) f_om levels expected if buffers

180 Thonmsetal. 1993 were 150 it. Recrmtmem could be
increased to natural levels (and
accelerated over time) by placing any
trees that have fallen outside the buffer

within the buffer and by felling hazard
trees mward toward the creek.

Filter Sediments

75% sediment 100 to 125 Karr and Schlosser 1977 This function will occur as a result of the

removal 100-it average stream buffers. Where

90% of sediment 100 Johnson and Ryba 1992 buffers are reduced to a minimum of 50
removal at2% fl, the function will also be realized

grade becausetherewill be no areasof bare
groundorerosionnearthecreeks.

Sediment 100 Erman ctal.1977;Moring

rcrnoval ctal.1982;Lynchetal. Permanent and temporary stormwater
1985 management facilities and other BMPs

(which collect sediment from impervious
200 TerrellandPerfetti1989 and constructionsurfaces)providethis

buffer function.
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Table 4.2-1. Riparian habitat buffer widths needed to protect riparian habitat functions (modified from
Knutsen and Naef [1997]) (continued).

Riparian Habitat Buffer Evaluation for Master Plan Update
Function (Ft) Literature Sources Mitigation

50% deposflion 289 Gilliam and Skaggs 1988

Effective conlrol 200 to 300 Belt et aL 1992
ofnon-
channelized
sediment flow

Larger buffers to remove sediment are
recommended for land use conditions that
are not relevant to the Master Plan

Update mitigation sites, such as
agricultural, forestland, mining, or other
land uses. Studies that identify buffer
needs in excess of 100 fl have not
considered TESC and exiz-.cive

stormwater management facRities to
control runoff.

Filter Pollutants

Nutrient 13 Doyleetal. 1977 The stream buffers are large enough to
reduction provide this function_ They are generally

Minimum 33 Petersen et al. 1992 not intended to do so because BMPs and
the IWS route pollutants from pullution-

49 Castelle et al. 1992 generating surfaces through the
52 Jacobs and Gilliam 1985 stormwater management system for

Nutrient removal 66 Schultz et al. 1995 treamlent. High levels of nutrient and

using the multi- chemical loading associated with
species riparian agricultural land uses will not occur.
buffer strip The larger buffers recommended for
system removal of nutrients, fecal coliform, and

Remove fecal 100 to 141 Jones et al. 1988 pesticides from agricultural land uses are
coliforms not relevant to the Master Plan Update

mitigation sites.
100 Grismer 1981

100 Lynch et al. 1985

Nitrates removed 100 Johnson and Ryba 1992
to meetdrinking
waterstandards

Nu_ent pollution 100 Terrell and Perfetti 1989
in forested

riparian areas

Nuuient removal 118 Young et al. 1980

Pesticides and 200 Terrell and Perfetti 1989
animal waste

Nutrient pollution 600 Terrell and Perfetti 1989
in herbaceous or

cropland riparian
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Table 4.2-1. Riparian habitat buffer widths needed to protect riparian habitat functions (modified from
Knutsen and Naef [1997]) (continued).

Riparian Habitat Buffer Evaluation for Master Plan Update
Function (Pt) Literature Sources Mitigation

Erosion Control

Bank erosion 100 Raleigh et al. 1986 Full erosion control potential of the buffer
control will be realized. There are no high mass

wasting areas present in the stream
buffer. Specific mitigation is planned to
improve bank stability and natural

High mass 125 Cederh01m 1994 channel morphology.
wasting area

Microclimate Influence

In forested 200 to 399 Chen et al. 1990 These recommendations are made for

ecosystem old-growth forest ecosystems and are not
relevant to urban conditions found in the

Master Plan Update mitigation sites.

525 Harris 1984, Franklin and This function is lost from urban areas as
Forman 1987 there is no longer a forested ecosystem.

However, the stream buffer mitigation
will increase the microclimate influence

of the buffer above existing baseline. It is
unlikely any negative impact to aquatic or
terrestrial organisms will result.

Aquatic Habitat

Aquatic insects 100 Erman et al. 1977 This function will be fully realized where

Benthic 100 Ermanetal. 1977 100-ft buffers are present. In limited
invertebrates food areas, the function may be sub-optimal

supply due to 50-ft buffers. However, aquatic
habitat conditions at the mitigation sites

Macroinvertebrate 100 Newbold et al. 1980 will improve above baseline due to the
density instream and buffer enhancement

I00 Gregory et al. 1987 projects, and buffer averaging is included

Riparian 100 Erman et al. 1977; Roby et to mitigate reduced buffer widths.
invertebrates al. 1977; Newbold et al.

1980

Brook trout I00 Raleigh 1982

Chinook salmon 100 Raleigh et al. 1986

Cutthroat trout 100 Hickman and Raleigh 1982

Rainbow trout 100 Raleigh et al. 1984

Reptile.sand 100 Rudolph andDickson 1990 The stream buffers, enhanced riparian
amphibians wetlands, buffer averaging areas, and

riparian wetland buffers will provide
suitable habitat for amphibian
populations. Habitat conditions will
exceed the baseline condition due to
enhancement of the stream and buffer.

Instream Habitat

Minimal 50 to 100 Johnson and Ryba 1992
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Table 4.2-1. Riparian hablmt buffer widths needed to protect riparian habitat functions (modified from
Knutsen and Naef [I_)7]) (continued).

Riparian Habitat Buffer Evaluation for Master Plan Update
Function (Ft) LiteratureSources Mltiption

mam_nanceof
mostfunctions

MeanBuHersa

TemperatureControl(90 fl ) FilterSediments(138/t)
LargeWoodyDebris(147/1) FilterPollutants(78/1)
In.streamHabitat(50-100/1)

a Wherearangeof valueswasreportedintheliterature,themedianofthatrangewasusedtocalculateamean.

The enhanced buffer is expected to provide nutrient and sediment removal functions from stream
water during high-flow conditions when portions of it flood. The buffer is not expected to perform
significant water quality treatment functions for urban runoff or runoff from adjacent uplands.
Urban runoff from adjacent developed areas is treated by the stormwater management system, and
not directed to the stream buffers forwater qua|ity treatment. Likewise, sources of sediment arenot
directed to the streambuffers forremoval/filtration prior to discharging to the creek.

Since the buffer is not planned to support wildlife habitat,buffer widths for various wildlife species
(Knutsen and Naef 1997) are not relevant to the desired mitigation functions.

4.2.3 Des Moines Way Nursery Wetland Restoration

Mitigation goals for this site focus on restoring riparian habitat functions, restoring water quality
functions, restoring organic matter export functions, and reducing the habitat value of the area to
waterfowl and flocking birds. These functional changes will be achieved through wetland
restoration, wetland and riparian enhancement, buffer restoration, and stream channel enhancement.
The benefits of the mitigation to these functions are described in the below:

, Fish and Aquatic Habitat

The instream enhancements will improve habitat for fish and other aquatic organisms because
of the new features that will be added to the stream that are currently lacking. The primary
features provided are LWD and woody riparian vegetation. Each of these features will enhance
fish and aquatic habitat (see Cederholm et al. 1997). Increased amounts of woody riparian
vegetation will result in increased shade, allochthonous inputs (food sources in the form of
CPOM and terrestrial invertebrates), and sources of woody debris. Increased LWD generally
provides habitat complexity, including small plunge pools, fish cover, invertebrate substrates,
variable water depths and velocities, etc. These conditions provide nesting, resting, and forage
habitat for fish and other aquatic life. Increased streambed variability in the form of gravel,
wood, and CPOM will also increase the diversity of invertebrate habitat. Buffer enhancement
will increase the types and amounts (terrestrial insects, plant detritus, etc.) of organic matter
inputs to the stream, thus increasing forage resources for fish and invertebrates. The role of
riparian conditions and LWD on aquatic systems is extensively reviewed in Allen (1995),
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Bisson and Bilby (1998), Bisson et ai. (1987), Gregory et ai. (1986), Harmon et ai. (1986),
Hershey and Lamberti (1998), Harmon et al. (1986), and Lassettre (1999).

• Amphibian Habitat

Restoring developed land to wetland conditions will improve conditions for amphibians by
increasing the quality of vegetated habitat available to them. The wetland and buffer
enhancements that replace lawns and buildings will improve conditions for amphibians by
increasing and enhancing vegetated habitat available to them. This enhancement will provide
improved habitat for adult terrestrial amphibians. Improved habitat for terrestrial breeding
amphibians (e.g., red-backed salamander, ensatina) will be provided by increased amounts of
forest vegetation and woody debris in the Miller Creek buffer and riparian wetlands (Brown
1985; Johnson and O'Nei12001; Kauffxnan et al. 2001; Rose et al. 2001).

• Small Mammal Habitat

Planting riparian vegetation and restoring wetlands will improve habitat for small mammals by
creating a diversity of forage and cover habitat for them. Increased woody vegetation and
woody debris will provide denning and forage areas (Brown 1985; Johnson and O'Neil 2001;
Kaufi_an et al. 2001; Rose et al. 2001). Restored wetlands and buffers will provide new habitat
and resources wetland and upland dependent species.

• Passerine Bird Habitat

Planting tall shrubs and trees on the site will reduce foraging habitat for ground feeding birds.
The buffer plants will provide limited direct food sources (i.e., fruits, nuts, seeds, berries, etc.)
for avifauna, but will produce insects that a vax:ietyof passerine birds forage upon. While not a
specific goal of the mitigation, the increased amounts of woody and forest vegetation will
provide additional and improved habitat for forest-dwelling bird species.

• Nutrient Retention and Sediment Trapping (Water Quality)

Water quality functions of the buffer and riparian wetlands will improve for several reasons.
Impacts to wetlands and the stream will be removed as a result of the demolition of commercial
properties, removal of nursery areas, lawns, and parking areas. Removal of these land uses
would remove activities that contribute to water quality degradation (Homer et al. 1994; Los
Angeles County Deparlanent of Public Works, 2000; Steur et al. 1997; Bannerman et al. 1999;
Minnesota Pollution Control Agency 2000).

The removal of development, fill, and detrimental land uses, coupled with the replacement of
these areas with shrub and forest dominated wetland and riparian communities will promote
nutrient uptake and storage in vegetation and soil organic matter. Establishing natural nutrient
cycling pathways on the site will support water quality functions.

• Organic Matter Export

Replacing grass-dominated wetlands, flU,developed property, and managed riparian areas with
wetlands dominated native woody vegetation will increase the export of particulate and
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dissolved organic matter fium wetlands to the stream. In many places, lawn vegetation will be
replaced with tree and shrub vegetation. The higher productivity and greater strucawal diversity
expected in the riparianwetlands will increase the amount and diversity of organic matter (i.e.,
insects, leaves, branches, trees, etc.) reaching the stream. Accumulations of soil organic matter
due to slower decomposition of wood in the saturated soils are likely. The partial
decomposition of organic matter in wetland environments would increase export to the stream
as detritus and as dissolved carbon. Where riparian vegetation consists of lawn, its replacement
with a multi-storied forest and shrub canopy will also increase the type and diversity of organic
matter reaching the stream.

Placing LWD in the stream channel and removing riprap will result in the restoration of natural
patterns of organic matter retention and cycling in the stream channel (Bisson et al. 1987,
Harmon et al. 1986), as described in other sections above. This will support stream
invertebrates and downstream fish communities.

Placing in-channel woody debris will improve overbank flow in some sections. This overbank
flow, coupled with overhanging riparian vegetation, will provide additional sources of organic
matter export into the stream channel. Where riparian wetland vegetation is currently lawn or
blackberry, planting tree and shrub communities will increase the amount and diversity of
organic matter available to the stream and wetlands.

The high productivity expected in forest and shrub wetlands will result in accumulations of
organic matter in the saturated soil of the restoredwetland. Groundwater movement through the
site and flooding will continue, and would transport dissolved organic matter to Miller Creek
(Fieberg et al. 1990; Emmet et al. 1994; Dosskey and Bertsch 1994).

• Groundwater Exchange

The mitigation area is predominantly a groundwater discharge area (as indicated the historical
presence of peat soils [Rigg 1958; Paulson 1953]). Enhancement activities will not alter this
hydrologic pattern. Restoration of portions of the site as wetland by removing fill will allow
groundwater to support additional wetland habitat.

• Flood Storage

No changes to this function are planned at the site. Over time, the Miller Creek channel could
migrate or meander through wetland restoration areas and it could expand its floodplain and
flood storage capacity.

• Waterfowl Habitat

As directed by FAA, waterfowl habitat functions are not proposed at this mitigation area. The
current lawn will be planted with trees and shrubs to provide a complete canopy cover that will
prevent ground foraging by waterfowl. If any short duration flooding occurs on the site, a tree
and shrub canopy that would prevent substantial waterfowl use would cover it.
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4.2.4 Functions Planned for the Tyee Valley Golf Course Mitigation Site

• Fish and Aquatic Habitat

Enhancement of floodplain wetlands and stream buffers will improve fish and aquatic habitat.
Increased amounts of woody riparian vegetation planted in the wetland and buffer will result in
increased shade and organic matter inputs to the stream, including food sources and woody
debris that improves habitat (see Table 4.2-1). These conditions improve the quality of the
stream for nesting, resting, and forage habitat for fish and other aquatic life. Restoration of
floodplain wetlands (converting golf course vegetation to shrub wetland) will increase carbon
production, some of which will be exported to the stream during flood events, rainy periods, or
through movement in groundwater (in the form of dissolved organic carbon).

• Amphibian Habitat
The wetland and buffer enhancements that replace golf course turf grass will improve conditions
for amphibians by restoring floodplain wetlands that provide habitat for terrestrial adult
amphibians. Improved habitat terrestrial breeding species (e.g., red-backed salamander,
ensatina) will be provided by the increased amounts of shrub vegetation and woody debris. The
mitigation site will also improve amphibian dispersal because of improved connections to other
riparian wetlands and Wetland 28.

• Small Mammal Habitat

Planting vegetation in riparian areas and restoring wetlands will improvehabitat for small
mammals by creating a diversity of forage and cover habitat compared to the existing turf grass.
Increased woody vegetation and debris will provide denning and forage areas. The mitigation
site will also improve amphibian dispersal because of improved connections to other riparian
wetlands and Wetland 28.

• Nutrient Retention and Sediment Trapping (Water Quality)
Removing turf grass management from the wetland and buffer areas will remove sources of
nutrients and pesticides. Planting shrub and forest vegetation will provide natural pathways for
nutrient cycling.

• Organic Matter Export
Organic matter export functions will increase because currently organic matter is cut and
removed from the floodplain as part of golf course activities. After erthaneement is in place,
organic matter could be exported from the wetland and riparian buffer during flooding and rainy
periods. New woody vegetation and eliminating mowing of grass in the riparian zone will allow
leaf-fall, herbaceous plants, and insects to reach es Moines Creek at levels higher than would be
expected from gold course turf.

• Waterfowl Habitat

As directed by FAA, a waterfowl habitat function is not sought at this mitigation area. The
current turf grass will be planted with trees and shrubs to provide a complete canopy cover that
prevents ground foraging by waterfowl. Additionally, while portions of the site will flood
during 1-year and greater storm events, the presence of standing water on the site will be for
short duration, and obscured by vegetation. Thus, it will not attract wildlife.
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• Passerine Bird Habitat

The wetland and buffer plants will provide limited direct food sources (i.e., fi'uits, nuts, seeds,
berries, etc.) for avifauna to limit bird use, and restrict use by flocking birds. The buffers will
produce insects that a variety of passerine birds will forage upon. While not a specific goal of
the mitigation, the increased amounts of woody and forest vegetation will provide additional
and improved habitat for forest-dwelling bird species.

Buffering Des Moines Creek and associated riparian wetlands with 100-fl average buffers will
improve the function of the stream compared to baseline. For most functions of concern, the buffers
will ameliorate temperature controland provide/protect in-streamhabitaL In forested situatiom,
WDFW recommends a width of 150 it for maximum wood recruitment for streams. Project
constraints do not allow for that width; therefore, some reduction in future delivery of woody debris
to the stream compared to a mature forested buffer in an undisturbed area will occur.16 Delivery of
wood above the current baseline will be substantial because the current buffer is largely turf grass.

The enhanced buffer is expected to provide nutrient and sediment removal functions from stream
water during high-flow conditions when portions of it flood. The buffer is not expected to perform
significant water quality treatment functions for urban runoff or runoff from adjacent uplands.
Runoff from adjacent developed areas is treated by the stormwater management system, and not
directed to the stream buffers for water quality treatment. Likewise, sources of sediment are not
directed to the stream buffers for removal/filtration prior to discharging to the creek. Since the
buffer is not planned to support wildlife habitat, buffer widths are not relevant to the desired
functions.

4.2.5 Wetland Mitigation in Auburn

Functions planned for the wetland mitigation site in Auburn are:

• Waterfowl Habitat

The Auburn mitigation site will create open water, submergent aquatic bed vegetation, and
seasonally flooded emergent vegetation. These areas will provide a a diversity of cover and
food sources that will provide habitat for waterfowl, including feeding, resting, and nesting
habitat.

* Passerine Bird Habitat

The Auburn mitigation site will provide multi-canopied forested, shrub, and emergent wetland
communities. The complex vegetation structure and plant communities (containing vertical
diversity, snags, debris structures, and food sources) will provide high quality habitat to a
variety of forest and wetland bird species. These elements will provide resting, nesting, and
foraging habitat for passerine birds.

t6 Smee most areas located between 100 and 150 ft from the stream that are not currently included in the buffer lack tall
trees, the reduction of this function would occur m futttre years, when any planted trees have grown to heights in excess
of 100 ft in height. This could occur after 50 to 75 years.
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• Fish and Aquatic Habitat

The Auburnmitigation area is not designed to provide fish habitat. Some warmwater fish may
use the open water and flooded emergentportion of the wetlands.

• Amphibian Habitat

Creation of open water ponds with flooded emergent vegetation will provide breeding and
rearing habitat for several amphibian species. The open water will provide habitat for the adult
phases of aquatic species. Forested wetlands and upland buffers will provide habitat for
terrestrial adult life phases. Mitigation includes placement of logs and other woody debris, and
topographic diversity that will provide habitat struetme for amphibians.

• Small Mammal Habitat

The existing tall grasses on the site provide good habitat for a variety of small mammals.
Conversion of the area to forest and shrub wetlands will improve habitat for forest and wetland-
associated mammals. The increased vegetation structure will provide a greater variety of
denning areas, a greater diversity of food sources, and greater cover.

• Nutrient Retention and Sediment Trapping (Water Quality)

Mitigation consists of depression wetlands with a surface flow outlet. The large size of the
wetland basins and relatively small amount of discharge water expected during most conditions
will result in high retention rates for sediment and nutrients. The site will have a surface water
connection to the Green River floodplain during flow events that exceed 8,500 cubic ft per
second. At these flow levels, the wetland area will flood as a result of backwater conditions
from the Green River. During flood events the wetland is expected to remove nutrients and
sediments fi'om floodwaters.

• Organic Matter Export

As the flood waters drain, fine particulate organic matter (FPOM) and dissolved organic matter
will be exported to downstream systems via the ditch systems.

• Groundwater Exchange

The topographic variability of the mitigation area will provide areas of seasonal groundwater
discharge.

• Flood Storage

The Auburn mitigation site design connects it hydrologically to the Green River floodplain via a
series of ditches. The site is designed to store approximately 50 acre-fl of floodwater during
100-year flood events.

The specific wildlife species targeted for the mitigation site are listed in Section 7.2.5.4. The habitat

conditions at this site, including the 100-ft buffers, provide suitable habitat for all these species. The
quantity and quality of the approximately 50 acres of wetland and over 15 acres of protective buffer
exceeds that of the 18.37 acres of wetland habitat impacted at STIA. While some species do not
frequent the affected wetlands near STIA and may require buffers in excess of 100 fl for optimal
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habitat, the mitigation site will accommodate th=r use. On the Auburn si_, mo_ wildlife species
most sensitive to disturbance are expected to use the interior portions of the site that are most
secluded (about 37 acres of interior habitat are more than 200 fl fi'om the perimeter of the site).
Regardless, for the species of birds using wetlands near STIA, improved habitat functions will occur
because wetland buffers of the impacted wetlands are generally absent or much less than 100 ft.

4.3 MONITORING PLAN AND CONTINGENCY MEASURES

Effective monitoring, adaptive management, maintenance, and contingency actions are planned to
evaluate and assure performance standards are met, and to correct deficiencies if needed.
Monitoring and reporting monitoring results for agency review and concurrence will assure that
appropriate contingency actions are taken and ecological benefits are ultimately achieved. This
section describes mitigation site monitoring that will occur over a 15-year period to verify that each
project is meeting established p_formance standards and permit conditions. The monitoring
approach for all mitigation projects is described here and will be performed in accordance with all
conditions of the 401 Water Quality Certification (Ecology 2001a). Specific monitoring
requirements for individual projects are included in Section 5 (on-site mitigation) and Section 7
(off-site mitigation). If monitoring demonstrates that performance standards are not met, then
contingency actions will be evaluated and implemented to assure that the desired wetland functions
are ultimately provided by the mitigation projects.

4.3.1 Monitoring Approach

The monitoring plan describes steps that the Port will take to ensure that the mitigation projects
meet design goals, objectives, performance standards, and p_lmit conditions. Monitoring will be
used to evaluate conditions at each mitigation site relevant to mitigation success, including overall
site conditions, site hydrology, vegetation, wildlife, invasive species, and when applicable for
specific projects, channel morphology and instream habitat features. Parameters commonly used to
predict ecological functions (such as percent cover of native vegetation, percent survival of planted
stock, channel Bed material size distribution, channel profiles, density of LWD in s_eams, and
frequency and size of pools in streams) will be measured. These measurements will be used to
quantify site conditions and allow comparisons with performance standards.

Performance standards will be measured using standard field techniques, and thus will be
enforceable by permitting agencies. Performance standards developed for the Port's mitigation plan
reflect reviews made by ACOE and Ecology.

Monitoring results will be used to evaluate appropriate contingency measures in cases where
performance standards are not met. Contingency measures will be implemented following an
adaptive management approach, described in Section 4.3.2. The adaptive management approach
depends on monitoring data to:

• Evaluate the locations and need for contingency measures.

• Develop appropriate contingency measures.

• Adapt contingency measures as necessary to meet performance standards.

• Evaluate the success of contingency measures following implementation.
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If at any point during the monitoring period the results of monitoring show that the success criteria
established in the plan are not being met, Ecology may require corrective action, additional
monitoring, and additional mitigation.

Ecology or ACOE may require contingency measures and additional monitoring of the mitigation
areas if wetland monitoring reveals that vegetation establishment or wildlife use of the wetland is
not sufficient to meet the success standards. Additional monitoring may be required beyond the 15-

year period if mitigation success is not achieved within the monitoring period.

4.3.1.1 Monitoring Periods

Pre-construction Monitorine

Mitigation sites win be monitored before, during, and after mitigation construction. The Port has
conducted regular monitoring of the acquisition area during the acquisition and mitigation design
phases to ensure that no wetlands or aquatic resources are impacted by nearby construction or
survey activities. Pre-construction monitoring includes steps such as ensuring that wetlands and/or
stream boundaries are clearly marked or fenced, inspecting sediment and erosion control measures,
and conducting regular site inspections to ensure that construction or survey operations are avoiding
wetlands and streams. In addition, groundwater hydrology monitoring will be initiated in wetlands
near the new embankment and borrow areas prior to project construction to allow the Port to
evaluate any potential indirect impacts. This monitoring will meet all conditions of the 401 Water
Certification (Ecology 2001a). The monitoring will allow the Port to" detect potential indirect
hydrology impacts that may affect wetland functions. If needed, appropriate contingency measures
to maintain hydrology in wetlands will be implemented.

The Port shall monitor hydrologic conditions of all wetlands downslope of the Third Runway
embankment in the Miller, Walker, and Des Moines Creek sub-basins. Hydrologic monitoring
using piezometers and shallow hand dug soil pits in undisturbed wetlands downslope of the Third
Runway embankment shall be conducted with sufficient frequency to determine wet season trends.
The Port will conduct twice monthly hydrologic monitoring during the wet season, November
through May, and will continue such monitoring for at least three (3) years after completion. Maps
of sample locations and vegetation in the surrounding areas, observations of stressed vegetation, any
adaptive management actions implemented in the surrounding areas, a comparison to baseline data,
and conclusions will be documented and submitted to Ecology on a monthly basis during that

period. At the end of each water year, the Port will complete a trends analysis with proposed
contingency measures identified to supplement wetland hydrology, if such is required. A schedule
for completion of proposed contingency measures, if any are required, will be provided.

A similar groundwater-monitoring program will be completed in wetlands near Borrow Areas 1 and
3. In Borrow Area 1, Wetlands 48, B15, 32, B12, B4, and B1 will be evaluated. In Borrow Area 3,
all wetlands will be avoided, but special emphasis shall be given to the area near where the drainage
swale discharges into Wetland 29, to provide an early indication of hydrologic changes, if any to the
wetland.
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Construction Monitoring

The Port will also monitor all mitigation sites during construction. Construction monitoring is
essenual to ensure that mitigation designs are implemented according to plans and specifications m
this mitigation plan, and in the final construction documents. Construction monitoring will also
ensure that construction activities are consigent with federal, state, and local permit conditions.
Construction monitoring will include regular and periodic inspections of the project site, regular
meetings with contractors, and site visits during implementation of critical design elements (e.g.,
diverting flows to the new Miller Creekchannel). Inspection activities during regular visits will, for
example, verify that appropriate sediment and erosion control measures are in place, plants are
being installed correctly and consistent with the plans, and habitat features are installed consistent
with the plans. If changes to the planting design or plant schedule are required (as a result of new
information about site conditions), they will be reviewed and approved by the wetland scientist or

landscape architect appointed by the Port prior to implementation. Any modifications that affect the
ability of the project to meet performance standards will be presented to ACOE and/or Ecology for
approval prior to implementation.

Construction monitoring will also ensure that elements of mitigation consU'uction are coordinated
with other site activities. Because mitigation construction will often be coordinated with Master
Plan Update improvement construction activities, consU'uction monitoring will also ensure that
Master Plan Update construction-related activities do not result in impacts to mitigation sites. For
example, mitigation planting zones that are adjacent to Master Plan Update construction sites (e.g.,
Miller Creek relocation and South 154_ Street relocation) will be protected and monitored to ensure
that plants installed on the mitigation sites are not damagedor disturbed by Master Plan Update
consU_ction.

Post-construction Monitoring

Baseline monitoring data will be collectedfollowingcompletion of mitigation construction. The
baseline monitoring report will includea summary of site conditions immediately following
mitigation construction, as well as documentation of the protocol to be used to monitor the
mitigation sites (e.g., sampling methodology, locations of all monitoring wells, photo points,
vegetation sampling plots). Post-construction monitoring methods, parameters to be measured, and
specific monitoring schedules for each of the mitigation projects are included in this document in
the individual sections describing each mitigation project (Sections 5 and 7).

All mitigation projects will be monitored for a 15-year period following completion of mitigation
construction and approval of Record drawings (i.e., 'record' drawings) by the agencies. Monitoring
will take place during years 0 (baseline), 1, 2, 3, 5, 7, 10, 12, and 15. Monitoring reports will be
submitted to ACOE and Ecology each year that monitoring is conducted.

Consistent with condition D1 s of the Water Quality Certification (Ecology 2001a), the Port shall
notify Ecology and ACOE a minimum of 3 days in advance of field monitoring work. Ecology or
its designee will be allowed access to all mitigation sites during the 15-year monitoring period.
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4.3.1.2 Monitoring Reports

The Port will prepare and submit annual monitoring reports to ACOE and Ecology's Federal Permit
Manager, SeaTac Third Runway, Northwest Regional Office, no later than December 31= of each
year following the first year of the mitigation site work. These and other reporting requirements are
discussed further in this sectio_

Construction Monitoring

Construction monitoring by wetland ecologist and the project engineer will occur to ensure the
mitigation is constructed according to the approved plans and specifications provided in this
document. Also during construction monitoring, mitigation sites will be examined for yard and
other waste, including hazardous waste 17, that may have been IeR by previous landowners. Small
amounts of waste occur on some sites (e.g. wood debris, concrete blocks, tires, etc.), and as these
items are encountered during implementation, they will be removed from the mitigation area and
disposed of in appropriate upland areas.

Consistent with condition Dl-q of the Water Quality Certification (Ecology 2001a) construction
monitoring shall also include field inspection by a qualified wetland consulting biologist during
construction and planting to ensure proper installation.

Baseline Monitoring Report

On completion of construction for each mitigation project, record drawings and baseline (record)
monitoring report will be submitted to EPA, USFWS, Ecology, and ACOE. These will document
the final design of the mitigation sites and any minor changes to mitigation plans that may have
occurred during construction.

A baseline monitoring report will also be prepared to document initial post-mitigation site
conditions for hydrology, wildlife, vegetation, invasive species, channel morphology, and instream
habitat features for each mitigation project as they apply. These baseline conditions will allow the
Port and agencies to evaluate changes on the mitigation site over time, progress toward meeting
mitigation objectives, and final performance standards.

The baseline report documenting the final design of all wetland mitigation sites shall be prepared
when the initial planting is completed. The report shall include discussions and record drawings of
the following:

• Site boundaries

• Location of perimeter fencing and signs

• Photographs of the area taken from established permanent reference points (see Appendix I)

• A planting plan showing species, densities, sizes, and approximate locations of plants, as
well as plant sources and the time of planting

I_Sites have been evaluated for hazardous wastes during the acquisiuon and demolition phases of the project and all
known hazardous wastes have been appropriately removed.
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. Habitat features (snags, large woody debris, ¢tc) and their locations

• Drawings in the report shall clearly identify the boundaries of the project

• Locations of sampling and monitoring sites

• Any changes to the plan that occurred during construction, and

• Plans showing locations of all monitoring transects

Monitoring reports shall show all sampling locations, discuss trends and changes, discuss success
in achieving performance standards or other implementation difficulties, provide remedies to
address implementation problems, and set forth a timelin¢ for their resolution. Supporting data
and calculations shall be maintained by the Port and made available to Ecology and ACOE upon

request.

The As Built Report shall be sent to Ecology's Federal Permit Manager, SeaTac Third Runway
within sixty (60) days of completing the mitigation site.

Any proposed changes to the wetland mitigation and monitoring protocol established in this report
and the Water Quality Certification (Ecology 2001a) must be approved in writing by Ecology
and/or ACOE priorto implementation of any changes.

A report including the record drawings of the mitigation site and locations of monitoring sampling
locations will be submitted within 60 days of completion of the final planting for a given mitigation
site. The baseline monitoring report will be submitted within 120 days of the completion of the

final planting for a given mitigation site.

Post-construction Monitoring Reports and Reporting Schedule

Monitoring of all mitigation sites (including temporary impacts that involve fill or cleating of
vegetation in wetlands) will be conducted for a period of not less than 15 years, consistent with the
monitoring plans, methods, and schedules described in this document and required by the 401
Water Quality Certification (Ecology 2001a). Regular monitoring periods for post-construction
monitoring will be in years 0 (baseline), 1, 2, 3, 5, 7, 9, 10, 12, and 15. Monitoring reports will
summarize the data collected during each monitoring period. Reports will also compare results
fi-om each monitoring period to baseline conditions, previous monitoring year results, and
performance standards,and discuss any recommended contingency actions. Monitoring reports will
be submitted by the end of the year (i.e., December 31st) of each monitoring period, or at a time
mutually agreed upon by the Port and agencies. Momtoring schedules specific to each mitigation
project are included in the individual project descriptions in Sections 5 and 7 of this document.

Each monitoring report shall include photographic documentation of the projects taken from
permanent reference points (see Appendix I). Existing wetland and mitigated wetland boundaries
(including all areas down slope of the Third Runway embankment, Vacca Farm, the borrow sites,
and the Auburn mitigation site) will be delineated at years 5, 10, and 15. A licensed survey crew
will survey and map the wetland delineation points established. The delineation map and
comparisons to previous delineation maps will bc furnished to Ecology and ACOE by December
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31stineachoftheyearthata delineationisrequired. If thedelineationshows thewetland
boundarieshavedecreasedthenadditionalon-sitemitigationmay berequiredbyEcology.

Reporting of Hazard Wildlife Monitorin_ Results

Inadditiontoperformance monitoringthatwillbeconductedspecificallyforthemitigationsites,
thePortconductsregularmonitoringaspartoftheWHMP. Monitoringactivitiesand results
regardinghazardwildlifeintheareaofthemitigationprojectswillbeincludedasanattachmentto
themitigationmonitoringreports.Thepurposeofthisattachmentwillbctodocumentthestatusof
themitigationprojectsneartheairportwithregardtohazardwildlife.

4.3.1.3 Monitoring Methods

Hydroloev

Groundwater and/or surface water hydrology will be monitored at mitigation sites for a 15-year

period following completion of all mitigation construction. The hydrology in wetlands located
adjacent to the runway embankment, SASA, Borrow Area 1, and Borrow Area 3 will also be
monitored. The primary purpose of monitoring groundwater levels in mitigation areas is to verify
that groundwater,which maintains wetland conditions on most of the mitigation sites, is present and
continues to support wetland conditions. The evaluation will include determining that groundwater
levels and periods of saturation arc sufficient to support the wetland plant communities present on
each site. Wetland hydrology in wetlands adjacent to the Master Plan Update improvements will be
monitored to verify that indirect impacts to wetland hydrology do not occur, and to implement
contingency actions if they arefound. Permanent groundwater monitoring wells will be installed to
monitor seasonal groundwater levels at cach site. Monitoring wells will be installed by a licensed
well driller and recorded with Ecology. Groundwater hydrology will be measured in each planting
zone and in all wetlands at each mitigation site. Well locations will be surveyed and included on
site base maps. Well locations will be shown on the record drawings.

Depths to groundwater will be measured monthly during the first 3 years following completion of
grading and then seasonally (i.e., four times a year) thereafter. These data will be used to evaluate
the depth, frequency, and duration of inundation and/or soil saturation on the mitigation sites, and
determine whether wetland hydrology performance standards are met. These data will also be used
to determine appropriate contingency measures if performance standards are not met, and to
evaluate adaptive management or maintenance needs.

Groundwater monitoring will also be used to evaluate any potential indirect impacts to wetland
hydrology in wetlands between the new third runway embankment and Miller Creek, and wetlands
downslope of the borrow areas. Master Plan Update improvements have been designed to avoid
and minimize any indirect impacts to wetland hydrology, and hydrology in these wetlands will be
monitored to verify that indirect impacts have not occurred.

Surface water levels and/or flows will be monitored at selected mitigation sites where flow rates or

the extent, frequency, or duration of inundation are important components of the mitigation (e.g.,
Miller Creek channel relocation, replacement drainage channels, Auburn open water habitat,

Wetland 30 near Borrow Area 3). Surface water levels will be evaluated using staff gages. Surface
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water depths and/or flow rates will be measured during regular monitoring visits. Flow rates will be
measured using depth and velocity methods.

Wetland Indicators

Wetlands at each mitigation site will be evaluated to verify that these areas continue to meet
jurisdictional wetland criteria following mitigation. Methods consistent with ACOE 1987 Manual
(Environmental Laboratory 1987) for delineating wetlands will be used to verify that hydric soils,
hydrology indicators, and hydrophytic vegetation are present in the wetland areas.

Veeetation

Vegetation monitoring will be used to determine if native plant communities are established in
accordance with the specific performance standards for each site, and to provide guidance for the
implementation of contingency measures when necessary. A range of variables will be evaluated,
including percent survival, canopy cover by strata, height by strata, number of vegetation strata,

species composition and richness, evidence of herbivore damage or disease, recruitment (i.e., the
number of newly establishing individuals), canopy cover, and number of invasive, non-native
species.

Immediately after completion of plant installation, the landscape architect or wetland scientist will
inspect the site to evaluate the planted stock for overall health. If necessary, re-planting will be
recommended to ensure that the site has been planted according to the plans and specifications.
Following this inspection, record drawings will be completed to show the location of the installed
plant material, the species composition, density and spacing of plants in each planting zone, and
average height of each strata in each zone. Permanent vegetation photo points, sampling plots,
and/or transects will be established in the field and shown on the record drawings. Vegetation data
will be collected to establish baseline conditions on the monitoring site. Record drawings and
baseline conditions establish a benchmark against which future changes in the vegetation can be
compared. The photo points will provide a visual representation of plant cover, species composition,
and general health.

The timing of the baseline monitoring will depend on construction schedules, and subsequent
monitoring visits will be scheduled such that at least one full growing season occurs between
monitoring dates. Vegetation sampling should occur in the late spring or early summer (June
through early July). A combination of plot and plotless vegetation sampling techniques will be used
following standard vegetation sampling protocols (e.g., Elzinga et al. 1998; Kent and Coker 1994).
Vegetation sampling plots and/or transects will be located to ensure a representative sample of the
entire mitigation site (i.e., in each planting zone, in representative locations throughout the site).

Plant survival is a key indicator of the success of native vegetation establishment and of the
maintenance of target densities on the mitigation sites. A minimum survival rate of 80 percent for
planted stock (calculated as percent of original individuals planted) will be required for the first 3
years of the monitoring period.

Due to the difficulty in locating and tracking individual plants over time, plant cover rather than
survival or density will be evaluated following year 3. After year 3, cover of native species will
more accurately reflect the ultimate habitat conditions desired on the mitigation sites. After year 3,
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performance standards will target a density and/or cover measure so that plant abundance can be
evaluated even if plant numbers cannot be accurately estimated. Vegetation cover performance
standards have been developed from observations of plant growth at various wetland and non-
wetland locations in King County, and from monitoring data presented in Auburn Racetrack-Year
Four Monitoring Report (Shapiro and Associates 2000). The performance standards for vegetation
cover at all mitigation sites increase throughoutthe monitoring period, as listed in Table 4.3-1).

Table 4.3-1. Performancestandardsfor vegetation cover (minimum percent) by vegetationzone and
monitoring year.

VegetationZone
Emergent

MonitoringYear Forest= Shruba Hydroseed Planted lnvasiveSpecies
O 0 0 <10

1 50 10 <lO

2 60 20 <10
3 10 10 70 30 <10
5 25 40 80 50 <tO
7 40 65 80 70 <10
10 80 80 80 80 <10
12 80 80 80 80 <10

15 80 80 80 80 <10

= Vegetationcoverwill notbe monitoredin forest andshrubplantcommunitiesduringmonitoringyear0, 1, or 2.
Duringtheseyears,plantsurvivalperformancewillbe monitoredandat year3, survivalmust be 80percentof the
originalnumbersplanted. Invasiveplantspeciescoverwillbe monitoredduringallmonitoringyears.

Natural colonization on the mitigation site is an iniportant measure of the success of the mitigation.
Plants that colonize the site (i.e., recruitment) following mitigation construction will be included in
several of the variables used in the vegetation monitoring (e.g., density, species composition and
richness measures, and percent cover).

Wildlife

Port wildlife managers will monitor the mitigation sites near STIA to determine hazard wildlife use
0ASDA 2000). Mitigation areas will be monitored according to the Port's WHMP. Information
obtained from the hazard wildlife studies will be used to determine hazard wildlife use of the

mitigation area and any conflicts with FAA requirements regarding wildlife attractants near airports.
Monitoring activities may include seasonal bird counts to determine levels of use and

presence/absence of specific avian species. If results of the monitoring activities suggest that hazard
birds are using the mitigation site, corrective actions regarding planting schemes and/or hydrologic
regimes may be implemented following procedures identified in the WHMP. Any measures to
control hazard wildlife that are recommended as a result of this monitoring will be reported to the
agencies in the regular post-construction monitoring reports to ACOE and Ecology.

Mitigation sites will also be monitored for non-hazard wildlife (e.g., amphibians) during annual
monitoring visits. Wildlife will be evaluated by assessing wildlife habitat components (i.e.,
vegetation structure, diversity, and cover, or habitat elements such as coarse woody debris), and to

determine if performance standards are met. There are no performance standards that require
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momtoring wildlife use or populations. However, during monitoring visits, observations of wildlife
will be made andreported rather than directly sampling wildlife populations.

Channel Morpholok,v and Instream Habitat

Channel morphology and instream habitat will be evaluated using standard methods of stream
ecology (e.g., Bain and Stevenson 1999; Hauer and Lamberti 1996). These methods will be used to
measure variables such as channel profiles, cross sections, substrate size, type and amount of LWD,
canopy cover from riparian vegetation, and type and number of habitat features (e.g., undercut
banks, side channels, pools). Channel morphology and instream habitat features will be evaluated
during regular monitoring visits, as well as following storm events. In addition, biological
monitoring will be conducted in Miller Creek to evaluate changes in the Benthic Index of Biotic
Integrity (BIBI) over the 15-year monitoring period (Karr and Chu 1999). Visual inspections and
photo documentation will also be used to evaluate channel morphology, the stability of habitat
features, and evidence of erosion or scouring.

Sample Data Sheets

Sample data sheets in Appendix I show the general format and type of information to be recorded
during regular monitoring visits. These dam sheets reflect typical measurements of hydrology,
wildlife, photographic documentation, plant cover, and plant growth that will be measured during
monitoring visits.

4.3.2 Adaptive Manaeement Approach

Implementation of contingency actions and other management activities on the mitigation sites will
be based on an adaptive management strategy using performance standards to trigger contingency
and management actions. "Adaptive Management" recognizes that since the best contingency and
management actions cannot always be predicted in advance and for all potential site deficiencies;
they axe determined on a case-by-case basis. Monitoring results will be used to identify any areas in
which mitigation sites are not meeting performance standards, evaluate the reason(s) performance
standards are not being met, and design and implement appropriate contingency actions.

If necessary, the first step following monitoring will be to determine why performance standards are
not being met, and to identify key contributing factors (e.g., unusual drought, inadequate hydrology,
invasive species, or animal damage). Once contributing factors are identified, appropriate
contingency measures to remove or ameliorate the contributing factors will be designed and
implemented. Effects of contingency measures will be monitored to ensure they have the desired
result. The results of monitoring the efficacy of contingency measures will be used to fine-tune or
adjust contingency measures to increase their effectiveness. Any planned contingency actions, as
well as the results of implementing specific contingencies, will be fully documented and reported in
the regular post-construction monitoring reports. Additional information is provided in the
following sections on the weed management strategy for all mitigation sites and the relationship of
the WHMP (USDA 2000) to the mitigation sites in the Miller and Des Moines Creek basins.

The Port will provide Ecology and ACOE with written documentation of the implementation of any
of the contingency measures and adaptive management measures that have been taken. Adaptive
management measures must include temporary erosion and sedimentation measures approved by
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Ecology. Any problems identified throughout the mitigation site.s shall be immediately corrected.
Implementation of corrective actions shall be done within the confines of the contingency measures
identified in this report. All contingency measures shall be implemented with adequate TESC
measures such that state water quality standards arenot exceeded.

4.3.2.1 Maintenance

The mitigation projects are designed to be self-sustaining over the long term and are not anticipated
to require significant routine maintenance following the 15-year monitoring period. However,
during the monitoring period, some maintenance actions will be required on the mitigation sites.
Both routine maintenance tasks (e.g., maintaining irrigation systems) and adaptive

management/contingency measures (e.g., weed management, replacing plants) will be required
during the monitoring period to ensure that overall objectives and goals are met.

Routine maintenance will include maintaining temporary irrigation systems, repairing or
maintaining TESC measures, removing trash, repairing fences and signs, replacing dead plant
material, maintaining herbivore deterrents (e.g., geese exclusion devices, herbivore collars), and
methods for control of invasive plant species. For the fLrStyear following planting, the landscape
contractor will be responsible for ensuring the health of planted material and replacing dead or
severely stressed plant material. After the first year, the Port will be responsible for maintaining
plants and will replace plants as needed based on performance standards and consistent with
specified contingency measures. Additionally, if any of the trees planted in mitigation projects
within 10,000 ft of STIA runways create prime roosting habitat for starlings, blackbirds, crows, or
raptors, the Port may remove these trees to conform with FAA mandates regarding aircraft safety
and bird hazards. In this eventuality, the Port will replace these plants with small trees or shrubs,
consistent with the WHMP.

Routine invasive plant species control includes removing weed growth from areas of mulch or weed
fabric around or between planted stock. Contingency measures that may be needed to meet the
invasive species performance standard for re-vegetated areas (no more than 10 percent cover at
monitoring year 15) are discussed below under contingency measures.

Routine maintenance, including weeding, removal of invasive species, and watering, shall occur at
least twice a year in all mitigation areas and more often as needed. The maintenance crew shall be
overseen by a wetland biologist to assist with identifying invasive species and other problems.

The need for maintenance is anticipated to decline during the monitoring period, as the mitigation
has been designed to be self-sustaining in the long term. Maintenance will continue as needed for
the monitoring period (i.e., at least 15 years).

4.3.2.2 Phasing of Conifer Plantings

The landscape plan for each mitigation area where coniferous trees are specified shows that the
planting of these trees is phased (see landscape design sheets in Appendices A-F). It is anticipated
that these conifers would be planted in a second planting phase coincident with replacement

plantings that may be required to meet the year three performance standard for plant survival. At
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thistime,theconiferspecieswouldbeplanted.The treeswillbepositionedsuchthattheyreceive
some shadefromadjacentplants(trees,shrubs,andgroundcover).Forthefirstgrowingseason
followingthisplanting,soilmoistureconditionswillbe examinedclosely,and theuse of the
temporary imgation system may be extended for 1 year to reduce mortality and promote growth
during the June to September period.

4.3.2.3 Wildlife Hazard Management

Monitoring and maintenance/contingency actions for the on-site mitigation areas adjacent to STIA
will be coordinated with the Port's WHMP. The results of monitoring for hazard wildlife at the
mitigation sites willbe included in the mitigation monitoring reports submitted to regulatory
agencies.

The mitigation and implementation plans have been designed to be consistent with the FAA-
approved WHMP, while providing for the restoration of wetland and stream functions potentially
impacted by the project. Because the specific requirements of the WHMP (e.g., choice of plant
species) were incorporated into the mitigation designs to avoid wildlife hazards at the mitigation
sites, it is not anticipated that alterations to the mitigation sites will be necessary to comply with the
requirements of the I-IMP. The Port will monitor the mitigation sites regularly as part of its
routine hazard wildlife-monitoring program. Activities on the mitigation site for the purposes of
wildlife hazard management would be consistent with permit conditions. The mitigation
monitoring reports will identify hazard wildlife management activities (if any) on the mitigation
sites.

In the event that the FAA determines that mitigation measures have created a wildlife hazard to
aircraft based on information obtained from the wildlife-monitoring program, the wildlife hazard
will be addressed according to the WHMP. The process will be as follows:

• The FAA will consult with the United States Department of Agriculture - Wildlife Science
Division (USDA-WSD) regarding the problem

• The USDA-WSD will recommend a list of strategies that can be used to eliminate the
problem

• The Port and USDA-WSD will implement the strategies to eliminate the hazard

• Implementation will be consistent with the wildlife hazard, and depending on the nature of
the action, agencies will be properly notified

The on-site mitigation areas are not planned as mitigation for impacts to avian or other wildlife
species TMthat pose aircraft safety concerns. A critical need of the mitigation projects is to restore
wetland and stream buffer functions in a manner that avoids creating new avian wildlife hazards and
reduces existing avian wildlife hazards.

_sAs discussed in this document, wildlife habitat functions will be replaced by creating and restoring wetland habitats at
an off-site location in WR.IA 9, in Auburn. Non-avian wildlife using mitigation sites may be a hazard to aircraft safety
if they attract avian predators, or move onto active runways.
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As discussed in this plan, airport property is subject to a variety of potential wildlife management
actions (regulations affecting wildlife management are explained in Sections 4.5 to 4.9 of the
WHMP, and wildlife management control is discussed in Section 6 of the WHMP). In nearly all
cases, these management actions can be successfully implemented without interfering with the
ability of the on-site mitigation projects to provide the planned ecological functions. In nearly all
cases, management actions at the on-site mitigation sites will involve hazing or removal of wildlife
and minor habitat modification. These actions are consistent with the planned mitigation and
require no wetland-related permits or approvals.

The wildlife management control actions presented in the WHMP attempt to balance the Port's,
FAA's, and USDA WSD's role in protecting aviation safety with the goal of non-wildlife wetland

mitigation and enhancement. Although the Port must retain ultimate authority to identify and
respond to wildlife threats to aviation safety, the WHMP requires that:

• The Port secure permits and approvals for any control actions that would result in a
significant reduction in mitigation functions, except where immediate action is required to
ensure air safety.

• Any control action that results in a significant reduction in mitigation functions must be
compensated for and mitigation run.ons must be restored as soon as practicable.

Regarding the mitigation sites, the WHMP contemplates two levels of wildlife management actions:
those that may have a de minimus reduction in mitigation function, and those that may cause a
significant reduction in mitigation functions.

Minor Vegetation Management Activities

This level of management activity includes vegetation management in mitigation sites that will not
result in a significant reduction of mitigation functions, will not require a permit, and will not
require a change to an existing permit condition. As a role of thumb, this will generally include
actions that do not alter the ability of a mitigation site to meet performance standards for vegetation,
as identified in the mitigation plan. These actions will be exempt from pro-consultation with the
permitting agencies. Examples of such management actions include:

• Selective trimming of vegetation. H selective trimming of vegetation within mitigation sites
is required, it can occur without disruption of the desired functions of the mitigation.
Removal of small quantities of vegetation can also occur when mitigation functions are not
significantly altered.

• Increase vegetation density. Adding new non-attractive native plants to mitigation sites
would increase plant density and reduce poorly vegetated areas. This action would reduce
wildlife use of more open areas and increase the rate of canopy closure over periodically
flooded floodplain areas.

• Replant or replace one type of vegetation with another native plant species. If one
vegetation type is observed to be a wildlife attractant, it shall be replaced with another type.
Replacement could occur through physical removal (cutting, up rooting, etc.) or by
replanting areas with faster growing species that may out-compete less desirable plants.
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Generally, replacement can occur without significant soil disturbance and without affecting
the planned wetland functions.

• Removal of channel obstructions. Various debris blockages (including beaver dams) could
increase the presence of standing water at the mitigation sites. To reduce standing water
areas and habitat for waterfowl, it will be necessary to remove these obstructions.

The above vegetation management actions, if performed, will be reported in the mitigation
monitoring reports, required for the Master Plan Update Clean Water Act Section 404 and Section
401 permit. Reporting will include a description of the action taken, an explanation of why the
action was taken, an analysis of the effect of the action on the mitigation site properties,
performance standards, and ecological functions. Photographs of the mitigation site prior to and
following the management action will be included. An analysis of the effectiveness of the
management action in eliminating or reducing the wildlife hazard will also be reported.

Potentially Significant Management Activities

This level includes wildlife management activities that require permits from agencies regarding
Clean Water Act Section 404 and Section 401 compliance, ESA review, Hydraulic Project
Approval (I-IPA) review, and other applicable laws, or changes to conditions of existing permits and
approvals. In the unlikely event that wildlife management activities result in significant
modifications to non-habitat wetland functions, the Port would apply for the required permits or
permit changes prior to conducting these activities, unless immediate action was required to ensure
aircraft safety. If the Port determines that immediate action is required to ensure air safety, the Port
will notify ACOE, Ecology, and other agencies with permitting jurisdiction at the earliest
practicable date to consult with them on the actions taken and to be taken. This consultation would
also determine the appropriate mitigation(s) necessary to restore the lost or impaired mitigation
functions.

Recognizing that activities that would result in a significant reduction in mitigation functions should
be employed only as a last resort, the Port will be required to restore the lost or impaired mitigation
functions at a ratio of at least 1.5 acres of mitigation to 1.0 acre of impact and to secure any required
permits for the mitigation.

Examples of such management activities include:

• Netting of habitat. A potential management strategy to reduce bird use is to use a pole-
supported net system that would reduce bird access to habitat. Placement of physical
structures in wetlands, such as support posts, cable anchors, etc. could be subject to HPA
and Section 404 permitting.

• Drainage of wetlands. Alteration of soil saturation or the extent of jurisdictional wetlands
on mitigation sites through excavation of drainage channels, grading, or other hydrologic
modification.

• Significant removal/replacement of vegetation such that planned mitigation functions
could be altered. This could occur if larger scale removal/replanting affected riparian
conditions, reduced shading of creeks, or changed other factors important to the mitigation

function. As a rule of thumb, significant removal/replacement of vegetation will generally
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include actions that result in removal of vegetation cover in a mitigation area such that the
vegetation performance standards for the mitigation site cannot be met.

4.3.2.4 Integrated Weed Management

An integrated weed management strategy will be used at all mitigation sites to allow successful
establishment of native vegetation and prevent long-term dominance of the site by invasive and
non-native plants. 19The goal of the weed management plan can be accomplished by a combination
of the following steps:

• Reducing existing on-site sources of invasive non-natives by measures such as stripping the
soil surface to remove above and below-ground plant parts, mowing, and/or applying
herbicide consistent with the Biological Opinion for the Master Plan Update (FWS 2001).

• Planting rapidly growing native species that will quickly establish cover and shade on the
mitigation site to reduce weed invasion in the short-t_xm.

• Using hydroseed to establish an initial "weed barrier" and to provide initial plant cover on
the site, and reduce colonization by invasive species.

• Monitoring the site for new weed invasions and controlling or removing invasive species
before they are allowed to dominate the site.

Control of invasive plants will be most important during the initial years (i.e., years 1 through 7) of
the monitoring period while the native vegetation is becoming established. Control methods
include, but are not limited to, using manual/mechanical methods to mow, cut, grub, or girdle

plants, and selective use of EPA-approved herbicides. 2° Use of herbicides will be minimized.
However, limited herbicide use in combination with other control methods may be necessary to
control some of the aggressive invasive species likely to occur on the site (see Table 4.3-2).

Table 4.3-2. Invasive plant species that will be monitored and controlled on the mitigation sites.

Scientific Name Common Name

Convolvulus sepium Hedge bindweed

Cytisus scoparius Scot's broom

Lythrum salicaria Purple loosestrife

Phalaris arundinacea Reed canarygrass

Polygonum cuspidatum Japanese knotweed

Polygonum sachalinense Sachaline

Rubus discolor Himalayan blackberry

Rubus lacinatus Evergreen blackberry

m9The plan assumes that complete eradication of non-native plants, especially mvasive non-native plants, is not possible
because the mitigation sites are surrounded by large sources of non-native seeds. A variety of bird species are also
expected to import native and non-native plant species to the sites. The presence of non-native species will likely be a
permanent feature of the mitigation sites.

2oHerbicide used will be EPA approved, and applied by licensed applicators. Herbicides will be limited to those that are
non-toxic to aquatic organisms. The most likely candidate for application to kill blackberry and reed canarygrass is
glycophosphate.Thisherbicidehasbeenevaluatedby Ecology(2000)andothers(Extoxnet1996)andfoundto be
protective of aquatic life for this purpose (FWS 2001).
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4.3.2.5 Fencing and Signage

The boundaries of the mitigation area and buffers shall be permanently marked with stakes at least
every 100 feet and/or with fencing. The marking shall include signage that clearly indicates that
mowing and fertilizer/pesticide applications are prohibited within mitigation areas. The locations
and types of fencing is shown in Appendix P.

4.3.2.5 Contingency Measures

Specific contingency measures have been developed for each performance standard at each
mitigation site. Contingency measures will be implemented following the adaptive management
approach in cases where performance standards are not being met. Proposed contingency actions
will be fully discussed in monitoring reports submitted to the agencies, and all contingency
measures will be monitored and evaluated to verify that they are achieving the desired result.
Project-specific contingency measures are included with the individual project descriptions in
Sections 5 and 7 of this document. The Port will consult with ACOE and Ecology prior to

implementing any additional contingency measures that may be requimxt, but that are not included
in this document.

Control of invasive non-native plant species will likely require contingency measures on most of the
mitigation sites during the first several years following construction. Specific control measures will
depend on the invasive species of concern and site conditions. The Port will use an integrated,
adaptive weed management swategy to control invasive non-native species on the mitigation sites.
This strategy is explained in Section 4.3.2.4.

Independent of the potential for temporary netting to reduce wildlife hazards (Section 4.3.2.3 and
the WHMP), temporary netting may be needed to reduce damage by grazing waterfowl. Temporary
netting or other temporary enclosure systems could be supported 1 to 2 ft above the ground surface
in emergent wetland areas to reduce damage by geese or other waterfowl.
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5. ON-SITE MITIGATION PROJECTS

This section describes on-sita mitigation projects that are design_ to restore and enhance physical

and biological functions in Miller and Des Moinvs Cr_ks and nearby wetlands. The Port will
provide on-site mitigation in both the Miller Creek and Des Moines Creek basins, a part of WRIA 9,
to compensate for unavoidable project impacts to wetland, stream, and hydrologic functiom. In
developing this plan, the Port utilized agency guidance to identify on-site mitigation activities that
will compensate for project impacts to wetland and stream functions. Elements of the mitigation

plan are specifically targeted to restore on-site functions that will be impacted by the project. These
include sediment and nutrient retention (water quality), organic carbon production and export,
surface water storage (floodwater detention and storage), and aquatic habitat functions (e.g.,
instream aquatic habitat and riparian habitat).

The mitigation plan will result in increased functional performance of the wetlands, streams, and
buffers in the mitigation sites relative to their degraded existing conditions. For example, wetlands
currently dominated by non-native ornamental vegetation and turf grasses will be restored to
forested systems containing a greater diversity of native species and habitats. Along Miller and Des
Moines Creeks, water storage, nutrient and sediment retention, inslxeam habitat, and non-avian
wildlife habitat functions will all be improved relative to existing conditions.

The on-site mitigation projects are described below.

Miller Creek Basin

• Vacca Farm Mitigation: Miller Creek Relocation (Section 5.1.1), Vacca Farm Wetlands and
Floodplain Restoration (Section 5.1.2), and Lora Lake Shoreline Enhancement (Section
5.1.3)

• Miller Creek Wetland and Riparian Buffer Enhancement (Section 5.2.1)

• Miller Creek Instream Habitat Enhancements (Section 5.2.2)

• Drainage Channel Replacement (Section 5.2.3)

• Restoration of Temporary Construction Impacts (Section 5.2.4)

• Miller Creek Basin Trust Fund for Waterhed Rehabilitation (Section 5.2.5)

• Des Moines Way Nursery Wetland Restoration (Appendix N)

Des Moines Creek Basin

• Tyee Valley Golf Course Wetland Enhancement (Section 5.3.1)

• Des Moines Creek Buffer Enhancement (Section 5.3.1)

• Des Moines Creek Basra Trust Fund for Watershed Rehabilitation (Section 5.3.2)

• Preservation of buffer and wetlands near Borrow Area 3 (Section 5.3.3)
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The section provide descriptions and plans for each on-site mitigation project. Section 5.1 describes
relocation and restoration of a portion of the Miller Creek channel; restoration and enhancement of
the Lora Lake shoreline; and restoration of wetlands, floodplain, and buffers on the Vacca Farm

site. Section 5.2 describes mitigation projects to restore and enhance wetlands and riparian buffers
along a 6,500-ft reach of Miller Creek, and to enhance instream habitat along this reach. In
addition, mitigation actions to restore wetlands temporarily impacted by construction of the design
and replacement drainage channels (Section 5.2) that mitigate for filling of existing ditches and
drainage channels are described.

The restoration projects in the Des Moines Creek basin (Section 5.3) are designed to enhance
existing wetlands on the Tyee Valley Golf Course and the riparian buffer along sections of Des
Moines Creek. Plans to minimize and mitigate potential indirect hydrologic impacts to wetlands
near the borrow areas are also provided.

For each mitigation project described in this section, the mitigation plans are organized following
Ecology guidance (Ecology 1994a). The mitigation plan, goals, and objectives are introduced first,
followed by a description of the project site, existing ecological conditions, the rationale for
selecting the project, and any constraints on the proposed mitigation. Next the mitigation design is
described in detail, with reference to figures and the plan sheets in Appendices A-F. Performance
standards, monitoring schedules, and maintenance and contingency measures necessary to ensure
mitigation success are described next. The final section for each project describes the specific
construction steps, methods, and sequencing required to implement the mitigation design.

5.1 VACCA FARM MITIGATION

MitigationactionsattheVaccaFarmsitearedesignedtoenhanceorrestoreapproximately19acres
ofaquaticandriparianhabitats.MitigationactionsrestorenaturalchannelmorphologytoMiller
Creek,integratethechannelwithitsfloodplain,removebulkheadsalongtheLoraLakeshoreline,
removefillfromwetlands,restorefunctionstodegradedwetlandsandrestorenaturalvegetationto
poorlyvegetatedriparianand uplandbuffers(Table5.1-i;AppendixA). These actionswill
enhancefishhabitatinMillerCreek,improvewaterquality(provideshade,ameliorateelevated
watertemperatures,increasedissolvedoxygen,provideinputsoforganicmatter,improvesediment
retention,and removepotentialsourcesoffertilizeror pesticideinputs),provideno netlossof
floodplainstorage,and enhancethediversityand complexityof wetlandhabitats.Mitigation
projects in the Vacca Farm area have also been designed to reduce the potential wildlife hazards that
currently exist on the site, consistent with FAA Advisory Circular 150/5200-33. The major
matigation elements for the Vacca Farm site include the following:

• Relocation of a channelized portion of Miller Creek

• Restoration of natural channel morphology and instream habitat to the relocated reach

• Restoration and enhancement of riparian buffers along Miller Creek

• Restoration and enhancement of floodplain wetlands on the Vacca Farm site

• Restoration and enhancement of upland buffers around the Vacca Farm site
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• Restoration and enhancement of wetland areas and upland buffers along the Lora Lake

shoreline

• Removal of fill and bulkheads from the Lora Lake shoreline, and restora_on of a more

natural shoreline along the lake

Table 5.1-1. Summary of wetland and buffermifiption areas at V____,:c__Farm.

MitigationAreaat VacuaFarm WetlandArea(acres)

WetlandRestoration(priorconvertedandfilledwetlandnearLoraI _ke) 7.60

WetlandEnhancement

Wetlands(AI, Ala, A2, A3,A4) 1.59

FarmedWetlands(1, 2, 3, 9, 10, 11) 0.73

LoraLakeshoreline 0.32

LoraLakeaquatichabitat 3.06

Subtotal 5.70

BufferEnhancement

Buffer(DesMoinesMemorialDrive) 1.54

StreamBuffer(South154e' Street) 3.04

LoraLakeBuffer 1.81

Subtotal 6.39

TotalRestorationArea 19.69

5.1.1 Miller Creek Relocation and Channel Restoration Plan

To accommodate the embankment for the third runway, the RSAs, and the relocation of South 154 th

Street, approximately 980 ft of Miller Creek will be realigned and relocated. The new stream
channel will be conslructed approximately 200 ft west of the existing channel, through the Vacca

Farm site. The channel reach to be relocated has been dredged and straightened, lacks complexity

(e.g., straight uniform channel bed, no undercut banks, no side channels, no pool/riffle morphology,
uniform silt substrate), has few instream habitat features (e.g., no LWD, no pools or backwater

areas), and the riparian vegetation provides little shade or organic matter to the channel.

Relocating the stream will increase the channel length to approximately 1,080 ft. A low-flow
channel will meander within a larger high-flow channel, and the new channel will include instream

habitat features (e.g., LWD). The channel will be designed to be connected to the floodplain by

overbank flooding with approximately a 1-year return interval. Channel banks will be planted with
native shrub plant communities and the new channel will have a native forested riparian zone to

ameliorate water quality and provide shade and LWD.
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5.1.1.1 Goals, Objectives, and Design Criteria

The overall goals of this plan are to provide a new, longer stream channel with enhanced habitat
features and a more natural channel morphology compared to the existing channel, which will be
filled. The channel design is constrained by the existing high- and low-flow conditions in Miller
Creek and the very gradual slope of the channel through this reach. The goals of the design are
focused on the need for the relocated channel to continue to convey base flows, to maintain

sufficient depths during summer low-flow periods for fish passage, to prevent deposition of fines
and scouring to maintain fish habitat, and to allow flood flows greater than annual peak flows to
overtop the channel banks and flow onto the floodplain. Specific goals for the design of the
relocated channel are:

* The stream continues to provide base flow conveyance

• Minimum flow velocity remains high enough to minimize fine sediment deposition

• The new channel accommodates peak flows up to the 100-year flow with no net reduction
of 100-year floodplain storage or floodway conveyance

• The new channel provides improved fish habitat

• The new channel replaces or enhances riparian habitat function

• The channel does not attract wildlife (such as waterfowl or flocking birds)

The goals are prioritized from the most critical hydrologic functions that the existing channel
provides to enhancements that will improve channel and riparian habitat.

To implement the general goals identified above, specific objectives and design criteria were
developed (Table 5.1-2). Specific performance standards, monitoring approach, and contingency
measures for the channel relocation are discussed in more detail in Section 5.1.1.10.

Table 5.1-2. Mitigation goals, design objectives, and design criteria for the Miller Creek relocation project.

Goals and Design Objectives Design Criteria

Goal 1: The stream will continue to provide base flow conveyance

Provide flow depths to allow fish Construct low flow channel 8 ft wide with 1:1 slopes and 0.5 ft
passage, prevent fish stranding, deep to convey summer base flows.

and provide habitat. Construct high flow channel 32 ft wide with side slopes of 2:1
(typical) from depths of 0.5 to 1.0 ft to provide capacity for wet
season base flow.

Goal 2: Low-flow velocity should minimize fine sediment deposition

Mimmize sedimentation with The channel cross section will provide an average dry season base
minimum flow velocity, flow velocity that is greater than the silt transport velocity (0.7

ft/sec).

Design a natural channel with stable gravel bottom.

Minimize channel scouting at the Channel flow velocity cannot exceed the gravel movement
maximumdesignflowvelocity, velocity(4 h/see)for the 100-yearflow.
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Table 5.1-2. Mitigation goals, design objectives, and design criteria for the Miller Creek relocation project
(continued).

Goals and Design Objectives Design Criteria

Goal 3: The channelwill accommodate peak flows, indudilg tile 100-year flow

Accommodate the lO0-yr peak Flows greaterthanthe annualpeak flow will overtop the channel
flow. andinundatetheadjacentfloodplainrestorationarea.

Goal 4: The new channel will provide enhanced fmh habitat

Provide enhanced fish habitat Providea naturalchannelconfiguration. Increase channel length
without fishpassage barriers, by about 10percentand createa meanderinglow-flow channel.

Provide habitat features, including instream features such as
deflectors andoverhanging logs as neededto maximize available
habitat.

Goal 5: The channel will replace and enhance riparian habitat function

Provide riparianhabitat. Providea minimum50-ft vegetated buffer on the east side of the
channel.

Establish native vegetationalong channel banksand the riparian
zone of the new channel.

Goal 6: The channel will not attract wildlife

Densely plant woody vegetation along the new channel to cover
open waterandreduceuse of the areaby waterfowl.

5.1.1.2 Ecological Assessment of Miller Creek at Vacca Farm

Overall conditions in the Miller Creek basin are described in Section 2. In this section, existing

conditions at the Vacca Farm site relevant to the mitigation design are described in more detail.
Miller Creek originates north of SR 518, flows south through the Miller Creek detention facility

along the southeast side of Lora Lake,and then south along the eastern edge of the Vacca Farm site.

The Miller Creek detention facility detains and stores floodwaters from the upper reaches of the
Miller Creek basin during periods of high flow. Vacca Farm sits in a broad, flat valley of alluvial

sands, silts, and peat soils located south of Lora Lake. Portions of Miller Creek have been

channelized through the Vacca Farm site and straightened to improve drainage on the site. From
the Vacca Farm site, Miller Creek continues south and west through residential areas and ultimately
empties into Puget Sound (see Figure 2.1-2 and 2.2-1).

The Miller Creek channel between the Miller Creek detention facility outlet to South 156 thWay has
been dredged and straightened to drain wetlands for farmland reclamation. Topographic conditions,

peat soils, and seasonally high water tables along this reach indicate that this area was historically a

wetland. The channel currently overflows its banks with at least a 2-year frequency with full flow
velocity of 1.7 ft per second (FAA 1996). Frequent flooding is primarily the result of limited

channel capacity, in part due to channel slope.

Miller Creek is approximately 4 to 10 ft wide and 2 ft deep below the outfall of the Miller Creek

detention facility. The bank is lined with large rocks in the upper segments near Lora Lake, and the
channel has a very silty substrate. The section of the stream within the Vacca Farm site that will be
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relocated is a ditched reach with a silty bottom substrate. Downstream of South 156th Way, the
channel contains natural meanders that vary from approximately 5 to I0 ft in width and the substrate

consists of areas of sand and gravel with some silt.

A side channel (ditch) in the Vacca Farm site nms parallel to and west of the main channel. The
side channel does not drain runoff from a distinct subbasin area, nor does it provide additional

channel capacity to the main channel. Rather, it provides positive drainage for a portion of the

relatively fiat farmland located west of Miller Creek.

Hvdroloev

Urbanization and development of the watershed have led to increased runoff rates and volumes that
have contributed to erosion and downcutting. Increased erosion and downcutting have also resulted

in sedimentation and habitat degradation in the low-gradient areas (FAA 1996). In 1990, King

County constructed the Miller Creek detention facility to alleviate some of these impacts (see Figure
1.3-1).

Since 1982, King County Surface Water Management (KCSWM) has monitored flow rates at the
outlet of the Miller Creek detention facility (KCSWM 1994). The available flow data provide a

good record of base flows, normal wet and dry season flows, and annual peak flows. Streamflow
rates are typically highest between October and April and lowest between May and September

(FAA 1996). Montgomery Water Group (1995) modeled hydrologic characteristics in the basin and
found that in some years no flow occurs in the upper watershed areas during portions of the summer

(i.e., 1 in 10-year low flow). They also reported that summer flows are 0.5 cfs less than about 10

percent of the time. Flows during the dry season and wet season are shown in Table 5.1-3. Table
5.1-4 summarizes data for flood frequency estimates in Miller Creek at the Miller Creek detention

facility.

Table5.1-3. Estimatedbase flow ratesat theMiller Creek detentionfacility outlet structure.

Season Flow Rate (cfs)

Dry (May - September) 0.5

Wet (October - April) 5.0

Approximate Annual Peak 40.0

Source: KCSWM (1994)

Table 5.1-4. Flood frequency estimates for Miller Creek at the Miller Creek detention facility control
structure.

Return Period (years) Peak Flow Rate (cfs)

1.01 21

1.11 40

2 75

10 125

20 141

50 161

100 175

Source: MontgomeryWaterGroup(1995)
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Existing Fish Habitat

Historically, Miller Creek supported anadromous fish runs of coho salmon, chum salmon, and sea-
run cutthroat trout, as well as resident populations of pumpkinseed sunfish (Leponis gibbosus),

sculpin, and cutthroat trout (FAA 1996). A qualitative electrofishing survey conducted in August
1996 identified cutthroattrout,pumpkinseed sunfish, and thr_-spine stickleback in reaches between
South 160thStreet and the outlet of Lake Reba (Aquatic Resource Consultants 1996). One coho

smolt was captured downstream of the culvert underSouth 160thStreet during a 1996 electrofishin_
survey. In addition, three cutthroattrout were found north of a natural waterfall above South 160"
Street during anotherelectroshocking study on November 10, 1998 by Parametrix, Inc.

The stream currently supports a small coho salmon run maintained by annual releases of hatchery-
reared fingerlings raised by the Des Moines Section of Trout U_lirrdted (FAA 1996; Hillman et al.
1999). No spawning activity was observed during surveys conducted in 1996 by WDFW.
However, the Des Moines Section of Trout Unlimited reported 91 coho spawners in a recent survey.
The Port has prepared a Biological Assessment that evaluates the effect of the Master Plan Update
improvement projects on fish species rec,ently listed under the ESA (Parametrix 2000c).

Residential development in the watershed has resulted in a general deterioration of fish habitat due
to removal of native riparian vegetation, stream channelization and bank armoring, filling of
riparian wetlands, reduction of the availability of LWD, and increased runoff rates and non-point
source pollution loading. Expansion of impervious surface area in the basin has caused increased
volumes and velocities of stormwater runoff (resulting in increased bank erosion) and downcutting.
These factors have contributed to a general lack of (1) instream cover, (2) available low- and high-
flow habitat or refuge, (3) available spawning habitat in the basin, (4) habitat complexity, and (5)
high-quality water (KCSWM 1987; and FAA 1996).

Natural, unaltered stream reaches in the Miller Creek basin are essentially nonexistent, while major
portions of the main stem and associated drainage ditches are channelized or otherwise modified
(KCSWM 1987). The portion of the stream crossing the Vacca Farm site has been channelized,
lacks woody debris, and provides limited habitat complexity. This reach is dominated by low-
velocity flows and excessive sedimentation, which appears to be partially caused by agricultural
runoff. FAA (1996) estimated that 10 tons of sediment are transported to the stream annually from
approximately 11 acres of adjacent agricultural land. These factors contribute to the lack of pools,
and therefore a lack of refugia (resting places) for fish during high-flow events.

Several natural and man-made barriers appear to limit fish access to the upper basin; however, they
are not barriers under all flow conditions. The most prominent barrier on Miller Creek is a natural

8-ft-high waterfall about 0.2 mile upstream of South 160thStreet that restricts upstream fish _assage.
Several corrugated metal and concrete box culverts, such as a culvert located at South 160"' Street,
appear to be barriers under certain flow conditions.

These barriers, combined with habitat availability, likely contribute to the current fish distributions
in Miller Creek; salmonids occupy primarily downstream reaches while other species occur
upstream. Recent studies (FAA 1996; Hillman et al. 1999) have found that suitable coho salmon
spawning habitat and evidence of coho salmon spawning are limited to the area downstream of First
Avenue South, while suitable cutthroat trout spawning habitat is scattered in small patches between

South 156th Way and First Avenue South. Areas upstream of First Avenue South consist
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predominantly of a fine silt and sand substrate, which is more suitable habitat for the non-salmonid
fish species that occur there.

Existin_ Riparian Vegetation

Downstream of the Miller Creek detention facility, about 200 linear ft of the stream is bordered by
small tree and shrub riparian vegetation. Riparian vegetation consists of stands of red alder saplings
(Alnus nd_ra) with an understory of hardhack (Spiraea douglasiO, Himalayan blackberry (Rubus
discolor), and field horsetail (Equisetum arvense).

Throughout most of the Vacca Farm site, riparian vegetation associated with Miller Creek is
typically a narrow band less than 50 ft wide. Riparian vegetation is dominated by reed canarygrass
(Phalaris arundinacea), climbing nightshade (Solarium dulcamara), and introduced grass species.
Scattered throughout this area are black cottonwood (Populus trichocarpa) and willow (Sa//x spp.)
trees and saplings. This narrow band of low-quality riparian vegetation separates the stream from
the adjacent cultivated farmland.

5.1.13 Ownership

Property at the Vacca Farm site and along Lora Lake needed for the stream relocation has been
purchased by the Port as part of the larger property acquisition program for the proposed Master
Plan Update improvements.

5.1.1.4 Rationale for Selection

The Miller Creek relocation mitigation provides the opportunity to restore both high-quality stream
habitat and floodplain wetland habitat that will result in on-site, in-kind replacement for stream and
wetland functions impacted by the Master Plan Update projects. The existing portion of Miller
Creek that will be relocated was moved from its original location within the floodplain at the Vacca
Farm site to increase the amount of floodplain suitable for farming. The original channel was
moved to the east, straightened, and dredged to facilitate drainage and increase agricultural land on
the site. As a result, although the channel still floods, it lacks the connection with its floodplain and
floodplain wetlands that it historically had. The channel does not meander across the floodplain and
there are no side channels, sloughs, or backwater areas. The existing channel lacks complexity
(e.g., straight uniform channel bed, no undercut banks, no side channels, no pool/riffle morphology,
uniform silty substrate), there are few instream habitat features (e.g., no LWD, no pools or
backwater areas), and the riparian vegetation provides little shade or organic matter to the channel.

Relocation and restoration of channel morphology therefore provides the opportunity to restore both

aquatic habitat and floodplain wetland functions on the site. The mitigation plan for the channel
relocation will restore channel morphology and instream habitat. In addition, the connection
between channel and floodplain wetlands will be restored to the extent possible, while avoiding the
creation of new hazard wildlife at/.ractants near the airport. Integration of channel and floodplain

will be designed to allow the channel to flood periodically, but to avoid standing water in floodplain
wetlands.
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5.1.1.5 Constraints

Relocation of Miller Creek must occur on-site in proximity to the existing channel. The Vacca

Farm site is nearly level, with only a few feet of grade change from north to south. The alignment
for the new channel has been designed to facilitate meeting design criteria for flow and velocity
given the existing site topography. Meeting these criteria requires that the stream relocation reach
be as short as possible to ensure that the maximum channel slope is maintained. The length of the
relocated stream reach cannot be increased and still meet the minimum gradient for required flow

velocities and depth. As a consequence of constraints on channel length, the new channel will
remain fairly close to the re-aligned roadway and the embankment. The buffer width between the
relocated stream and South 154eaStreet is constrained by the maximum length of the new stream
channel (Figure 5.1-1). Constraints on the channel design are described in detail in Section 5.1.1.6,
Channel Relocation Mitigation Design.

No other apparent constraints outside of the Port's control could affect the success of the stream
relocation. No plans exist to change the Miller Creek detention facility's operation procedure.
Stormwater management is now planned to occur in new facilities (i.e., vaults and/or ponds located
in upland areas) that are independent of the Miller Creek detention facility (for details, refer to the
Comprehensive Stormwater Management Plan, Pararnetrix 2000a, 2001a). However, even if the
existing detention facility were enlarged to provide more flood storage, this would not be expected
to change flow rates in Miller Creek. The detention facility could be enlarged to provide greater
stormwater storage without increasing the maximum elevation of water storage or peak discharge
rates. This could be accomplished by excavating uplands that are located south of the facility to an
elevation within the operating range of the facility to provide new storage. This will not affect the
mitigation design because stream hydrology, specifically base flow and normal seasonal flow, will
not be significantly modified, and it is unlikely that peak flows will be increased.

5.1.1.6 Channel Relocation Mitigation Design

The goals of the design are focused on the need for the relocated channel to continue to convey base
flows, maintain sufficient depths during summer low-flow periods for fish passage, prevent
deposition of fines and scouring to maintain fish habitat, and allow flood flows greater than annual
peak flows to overtop the channel banks and flow onto the floodplain.

Channel Design

The channel design process evaluated and adjusted design variables and constraints (e.g., channel
depth, width, flow velocity, channel slope, etc.) to meet the design goals and criteria. The critical
variables in new channel design are channel slope, flow velocities (i.e., dry and wet season base
flows, annual peak flows, and flood flows above annual peak flows), maximum design flow,
channel depth and bottom width, channel roughness, and channel length. Initial channel slope was
determined using the available drop in elevation along the new reach. The corresponding channel
bottom width was determined and adjusted until the minimum flow depth (0.25 fi) was achieved.

The slope was then adjusted until the base flow velocity was high enough to move sediment
particles smaller than sand to reduce siltation and fining of the bed (Figure 5.1-2). Using the
adjusted slope, the channel was then designed to convey peak flows (in connection with maximum
depths and channel configurations described in the following sections). Channel widths and flow

depth were then adjusted to assure that peak flow velocities were less than the transport velocity for
gravel.
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The channel design (Figure 5.1-3 and Sheets C5 and C8 of Appendix A) includes a geotextfle fabric

liner for the relocated segment of Miller Creek. The geotextile will facilitate constmct_ility of the
channel in the peat soils, allowing placement of channel substr_es other features with out excessive

mixing with the underlying peat soils.

The proposed geotextile fabric is highly permeable, and is designed to pvLmit groundwater

exchange 21. Because the geotextile fabric will be permeable, the stream will be hydrol0_ically
connected to the high groundwater table that is typically present in the underlying peat soils. The

high water table that is present on the site, the elevation of the new stream channel at or below the
elevation of the groundwater, and the relative low permeability of the peat compared to the channel
substrate will assure that the creek flows are maintained at the surface and not lost to groundwater.

Particles of the underlying peat soils and overlying stream subsUate are expected to mix within the

geotextile fabric. Thus, over time the permeability of the liner will match that of the adjacent strata.

Particles from the underlying peat soils (typically under hydrostatic pressure) would be most likely
to migrate into the liner and thus, the liner's permeability would eventually be expected to match or

exceed the permeability of the peat soils.

The material specifications for spawning gravel (see below) is suitable for cutthroat trout and
includes some fine sands and silts. These finer particles will reduce the permeability of the substrate

such that during low flow periods the stream flow will remain as surface flow, and not flow laterally

through the channel substrate. The lack of significant substantial clay sized particles in the
spawning gravel mix will allow water to move from the underlying peat, through the geotextile
liner, and into the stream bed materials.

Spawning gravels for the stream channel are specified to be naturally occurring, granular material.

They will not be not crushed or fractured, and must be free of roots, wood, organic material, and
any other deleterious substances. They must meet the following size gradation:

Sieve Size Percent Passing SieveSize Percent Passing

4" square 100 'A"square 25-50

2"square 80-100 U.S. No. 4 20-40

1"square 80-100 U.S. No. 10 10-20

¾" square 70-90 U.S. No. 100 5-10

½" square 50-70 U.S. No. 200 5 max.

2I_eotextile Iraqi'sarc by definitionpermeable,unless identifiedas "impermeablegeomembraneliner". Thegeotextile
liner'spermeabilityof 60 to110 gallonsperminutepersquarefoot is muchgreaterthanthatof theunderlyingpeat.

22This designapproach_resents an improvementovertheexistingcondition,as the existing streamchannelconsists of
a ditchexcavatedin inorganicsoils thatareperiphendto thepeat. Groundwaterthatcurrentlysurfacesm the peat flows
throughan agriculturalditchbefore enteringthe streamat the exi_z-,e south end of the site. The new design allows
groundwaterto dischargeto thestreamchannel itself fi_.-oughontthe mitigationsite.
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The hydrologicdesigncriteriafortheMillerCreekrelocatedchanneldesignarelistedinTable5.I-
2.Designcriteriafordeterminingbaseflow,annualpeakflow,and I00yearflowconditionswere
establishedfromdatagatheredbyKCSWM. Theseflowramsweredeterminedfromdatagathered
attheoutletoftheMillerCreekdetentionfacility(whichincludesLakeReba),whichisseveral
hundredfcctupstreamofthemitigationsite.Datahavebeengathew,d atthislocationsince1988
CKCSWM 1994).Theseflowdataprovidea good recordofnormalbaseflows,seasonalpeak
flows,averageflowsby season,andextremeflowsduringnear-recordevents.Designcriteriafor
baseflowand annualpeak flowconditionswere establishedfrom thesedata(Table5.1-5).
Statisticalanalysisoftheflowmomtoringdatawasnotconducted.

Table5.1-5.EstimatedflowratesforMillerCreekchanneldesign.

FlowR_'me FlowRate(cfs)
Dryseasonbaseflow 0.5

Wetseasonbaseflow 5

Stormflow 10

Annualpeakflow 40

2-year peak flow 75

lO-ycar peak flow 125

lO0-yearpeakflow 175

Source: Montgomery Water Group (1995), with additional data compiled by Parametrix.

In addition to monitored flow rate data, a detailed hydrologic modeling study was prepar_
(Montgomery Water Group 1995) that calculated peak flow rates for flood frequencies up to the
100-year flood (Table 5.1-6). The flood return frequencies were calculated assuming that the Miller
Creek detention facility and control structure are in place. The calculated flow rates appear to be
consistent with the flow monitoring data. The peak monitored flow ram (225 cfs) on November 24,
1990 was in excess of the current predicted 100-year flood flow. The control structure was
constructed after the 1990 storm; it is likely that the peak flow rate of November 1990 would have

bccn reduced by the detention system. Because stormwater runoff will be mitigated in separate
stormwatcr management facilities, this plan does not increase channel capacity for increased flows.

Table5.1-6. Floodfrequencyestimatesfor MillerCreekat theMillerCreekdetentionfacilitycontrolstructure.

ReturnPeriod(years) PeakFlowRate(cfs)
1.01 21

1.11 40

2 75

10 125

20 141

50 161

100 175

Source:MontgomeryWaterGroup(1995).
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Stream Hydraulics

Stream hydraulics are the existing or proposed physical conditions that influence the direction,
depth, and flow velocity in the proposed relocated stream. Several factors influence hydraulics,
including flow rates, channel slope, channel cross section, channel roughness, and flow depth.
While several of these features will be designed, factors such as flow rate or average channel slope

cannot be modified. The following sections discuss the design parameters that apply to all channel
segments, and the proposed channel configuration for each segment.

Flow Velocity

Channel flow velocity is the primary variable influencing channel design and fish habitat. The low-
flow goal is to minimize fine-grained (sands and finer) material sedimentation in the proposed
channel during normal dry season base flows. Conversely, the flow velocity at peak flows must not
exceed rates that would erode the channel banks or scour loose substrate larger than small gravel.

The relationship between flow velocity and sediment transport velocity is shown in Figure 5.1-2. If
the flow velocity equals or exceeds that shown for each grain size, the sediment can be expected to
move until the velocity decreases. If the maximum velocity of a specific section of a stream
channel is known, an estimate of the size of the bed material that would be relatively stable can be
determined. These relationships are used to determine the size of stream substrate materials and

their long-term stability. The Miller Creek channel design thus balances a minimum base flow
velocity designed to prevent sedimentation with a maximum peak flow velocity designed to prevent
scouring. Using Figure 5.1-2, the channel parameters were adjusted to maintain base flow velocity
greater than the silt movement velocity, but less than the gravel movement velocity for peak flow.
Preventing gravel movement in the new reach will prevent scouring of the substrate.

Channel Slope

The average channel slope in the relocated reach is determined by physical constraints (i.e.,
topography) of the Vacca Farm site. The proposed channel drops 2.5 ft in approximately 1,118 ft
for an average channel slope of 0.22 percent. The approximate elevation at the point where the
relocated stream rejoins the existing channel is 260.0 ft. However, the natural land slope along the
proposed stream channel does not drop continuously. Due to the small vertical drop over the
relocated segment, a relatively uniform grade is proposed for Miller Creek.

Channel Flow Depth

Given the goals for fish habitat, desired substrate characteristics, and stream hydrology, flow depth
standards have been determined. These flow standards are: (i) a dry season water depth of at least
0.25 ft; (2) a wet season water depth of 1 ft; (3) a maximum depth of 2 ft at the mean annual flow
rate, and (4) flows greater than the annual maximum flow rate (40 cfs) will overflow the
streambanks, flooding the Vacca Farm site.

Maximum Design Channel Flow

The topography and available channel slope in the project area limit constructing a large channel
that can convey the 100-year storm while maintaining a minimum flow depth for dry season base
flows. Therefore, the channel will overflow onto the floodplain at flows greater than approximately
40 cfs. The floodplain and floodway are designed to convey the 100-year flows of 175 cfs.
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Channel Bottom Width

The relocated channel bottom width is largely controlled by the minimum low-flow depth of 0.25 ft.
During the dry season, the water depth must average at least 0.25 ft to provide minimum depth for
fish movement. To determine the channel bottom width, the base flow rate, slope, roughness, and

side slopes were fixed, and the bottom width was adjusted until the flow depth was at least 0.25 ft.
The results were checked to ensure that no other design criteria were changed to exceed design
parameters. Results indicate that a channel bottom width ranging from 4 to 10 ft meets the design
criteria for minimum flow depth. Thus, a low-flow channel between 4 and 10 ft wide will maintain
a minimum flow depth of 0.25 ft during summer low flows to allow fish passage while conveying
wet season base flows (see Figure 5.1-3).

Channel Rout, hness and Side Slopes

Channel roughness, described by using Manning's roughness factor (n), is a key factor in
determining channel capacity. The Marming's channel roughness factor for a natural stream
channel with a gravel or stony bottom and limited instream vegetation is 0.0035. This factor was
used for calculating channel capacity for the relocated reach. The Miller Creek relocated channel
will consist of a high-flow (or bench area) and a low-flow channel. The low-flow channel will have
an 18- to 24-inch-deep gravel strearnbed, and will be generally 4 to 10 ft wide by 6 inches deep. It
will meander within the 32-ft-wide high-flow channel, forming a channel migration zone (see
Figure 5.1-3). The low-flow channel is designed to convey base flows and to overtop its banks
approximately once a year during annual peak flows (i.e., between approximately 20 and 40 cfs).
The annual peak flows will be accommodated within the 32-ft high-flow channel. Flood flows
greater than the annual peak flows (i.e., greater than 40 cfs) will overflow the streambanks onto the
floodplain.

The new channel is located in an area with peat soils; however, the channel will not be constructed
directly in peat soils without bank stabilization (see Figure 5.1-3). The streambanks will be
constructed using blended soils and gravels wrapped in an erosion control fabric. The toe of the
channel banks will be protected by installing prefabricated logs made of dense coconut fibers
wrapped in erosion control fabric. This construction method provides immediate erosion protection
as well as a rooting substrate that will facilitate revegetation of the banks. The area adjacent to the
channel banks will be sloped toward the channel at 2 to 10 percent grade for positive drainage.

The side slopes of the low-flow channel will be 1:1, which is required to maintain minimum flow
depths of 0.25 ft for fish passage. This design will also allow some minor undercutting of channel
banks over time to increase shelter for fish. Low-flow channels of natural streams in the Puget
Sound region typically have vertical side slopes (Rosgen 1994; Montgomery and Buffington 1993),
and the design thus mimics natural stream channels. The side slopes of the new channel will be
stabilized with bioengineering and by planting native vegetation (i.e., primarily willow stakes). The
low channel gradient and design of the low-flow channel to overflow into the larger channel during
storms greatly decrease the likelihood of erosive flows.
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Channel Alienment

The channel will be constructed to meander within the limits of the stream corridor as shown in plan
and cross section in Figures 5.1-I and 5.1-3. The extent of meandering is limited by the need to

maintam a minimum channel slope to meet flow velocity goals.

Sewer Line Relocation

RelocationofMillerCreek(designandconstruction)willbe coordinatedwithrealignmentofthe
sewerlinerequiredby relocationofSouth154thStreet.The sewerlinewillparallelthenew road
alignment (outside of the mitigation site boundary) and will cross under the new channel (see Figure
5.1-1). The sewer line will be approximately 4 ft below the invert of the new channel. The trench
in which the sewer line lies will be backfiUed with compacted fill material that will provide a stable
surface over the sewer line. The Port has analyzed the need for additional stabilization below the
new channel to protect the sewer line and the channel. This analysis indicates that because of the
depth of the sewer line, the flat topography of the site, and the small size of the channel, no extra
measures will be required to stabilize the channel over the sewer line. The new channel will be
located in a portion of the Miller Creek floodplain that is more or less flat; stream velocities are low
in this portion of the stream, and there is no potential for significant downcutting within the new
channel reach. During periods of high flows, the channel is designed to overtop its banks and flow
onto the floodplain, which further reduces any potential for downcutting.

The 20-fl easement for the relocated sewer will be located outside of the mitigation site boundaries,
except where the line crosses under the stream. A maintenance access road will be located within
the easement along the east side of the mitigation site; however, the access road will not go through
the mitigation site (Appendix A, Sheet C2).

Wildlife Considerations

Design and implementation of mitigation for STIA must meet flight safety issues and FAA
requirements. Collisions between birds and aircraft are a serious safety issue. Open-water areas,
wetlands, and tall trees can create an aviation hazard by attracting waterfowl, small flocking birds
(such as European starlings), and raptors. Fish can also attract birds, such as raptors or herons, that
pose hazards to aviation. When these habitat features are within 10,000 ft of airport runways, the
potential for collisions with aircraft can be serious. For these reasons, mitigation projects within
10,000 fl of STIA runways are designed, where feasible, to reduce existing wildlife hazards and
avoid creating new hazards. At the Vacca Farm area, hazardous wildlife currently use the site and
are periodically controlled. Wildlife use of the mitigation site will be monitored and managed
according to the WHMP (USDA 2000).

Fish habitat design standards for Miller Creek were developed based on the habitat requirements of
cutthroat trout. 23 The planned features include:

• Shading to minimize temperature increases during the summer

• Higher velocity riffles to maintain oxygen levels and reduce sedimentation

23While coho salmon may find suitable rearing habitat in this area, flow conditions are not anticipated to be suitable for
spawning coho.
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• Placement of logs, rocks, or other structures to provide refuge

• Shading of the channel with native vegetation

Channel shading will enhance the stream habitat and also decrease the stream's visibility to birds of
prey (e.g., herons, raptors) that would use the stream to collect food. Riparian vegetation will thus
help reduce potential wildlife hazards along the channel. The following sections describe how the
stream design will meet cutthroat trout habitat criteria and FAA requirements for aviation safety.

Instream Habitat

The instream habitat criteria used in the relocated channel design are based on general habitat

requirements of the resident salmonid cutthroat trout and coho salmon, which could potentially use
the site. Although anadromous salmonids have not been observed in the proposed impact areas,
resident cutthroat trout are present. These criteria areused to provide the highest quality fish habitat
possible. Designing the relocated stream to meet habitat requirements of salmonids helps ensure
that the best possible fish habitat is created.

In general, salmonids require cool, well-oxygenated water, spawning gravel that is free of
accumulated silt; and abundant instream cover for habitat. In addition, because habitat requirements
vary as life stages change, habitat complexity within the stream is also necessary. General physical
habitat requirements include access to critical habitat features, stable flows, appropriate stream
substrate, and riparian and instream cover.

Salmordds require cover provided by such features as undercut banks, logs, boulders, deep pools,
and overhanging riparian vegetation for feeding, hiding, and resting. In addition, these features help
stabilize streambanks and suhstrate during high-flow periods. The relocated channel, which is
designed with vertical banks in the low-flow depth range, will encourage minor undercutting to
provide cover during low-flow periods. LWD (e.g., deflector logs, angle logs, and root wads) and
boulders will be used to stabilize the substrate, protect the upper banks from excessive erosion, and
provide hiding and holding habitat for fish during higher flow periods (Figure 5.1-4).

Fish Access

Adequate fish access throughout the entire relocated stream section will be provided by the
mimmum design depth requirements (i.e., 0.25 ft during dry season base flows). Accessible habitat
includes protected areas (i.e., low-velocity pockets) during high flows. The channel is also designed
to avoid habitat features that could cause stranding problems during low-flow conditions.

This minimum depth requirement should allow fish access to habitat throughout the length of the
channel, thus limiting stranding problems during low-flow periods.

Stable Flow

Stable flows ensure habitat access and protect the habitat against erosion or scouring; they also
minimize fish displacement to less preferred habitats. The channel width and bank slope criteria
incorporated in the design will help maintain relatively stable flow velocities throughout the range
of flows expected in the new channel.
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Stream Substrate

Cutthroat trout require stable gravel and sand substrates largely free of accumulated silt for
spawning and during early rearing life stages. This also contributes to the optimum production of
desired prey. Substrate in the relocated channel will consist of primarily of gravel, coarse sands,
and cobble material substrate (see specifications provided earlier) to provide stable spawning and
rearing habitat. However, portions of the channel will naturally accumulate sand over time. The
flow velocity criteria for the channel were set to maintain suitable subswate for fish by miDimi_ng
the accumulation of fine-grained material in the channel during low-flow periods and preventing
excessive scouring of the substrate during high flows. Since flow velocities are not constant along
the entire channel, sedimentation is expected to occur on the inside of bends and in deeper pools
during low-flow periods. However, these sediments will flush out during higher flows.

Floodplain Conveyanee

The 100-year floodplain elevation and floodway delineation in the proposed project area were
determined by FEMA when the Flood Insurance Rate Maps (FIRM) were prepared. The proposed
channel capacity was checked to assure it could convey the 100-year peak flow. Since the
floodplain storage capacity on the Vacca Farm site does not decrease (see Section 5.1.2), no
increase in future conveyance capacity of the channel is necessary. During flood events, the stream
would overtop the channel banks and flood the existing and regraded floodplain. The floodplain
itself is broad and nearly level, and it has adequate storage and conveyance capacity to prevent
increases in the 100-year flood elevation upstream of the site.

Channel Plantin2 and Riparian Buffer"

The new channel banks will be stabilized and cover will be provided to the stream by planting the
banks with native willows. Shade cloth will be used to provide shade over the channel during the
summer months until 40 percent cover of riparian vegetation is reached. Use of shade cloth
(between Stations 2+00 and 13+00 [see Appendix A]) will ameliorate stream temperatures while
riparian vegetation is becoming established. A forested buffer will also be planted along the stream
riparian zone to maximize stream shade and provide overhanging cover as habitat. These planting
plans are described in Section 5.1.2.7. Upland trees and shrubs will also be planted on the roadway
slope east of the new channel. These plantings will buffer the stream from the road, but no
mitigation credit will be sought for this area (Appendix A, Sheet CI.1).

5.1.1.7 Implementation

Construction of the third runway, which requires the relocation of Miller Creek, is currently
scheduled as part of the first phase of the proposed Master Plan Update implementation. Channel
relocation construction is currently anticipated to begin the first construction season (i.e., summer)
following granting of the permits for the project. After the new channel is complete, Miller Creek
will be diverted and monitoring will begin. Instream work associated with new channel
construction must occur during low-flow periods and be consistent with HPA permit conditions as
specified by WDFW. Construction of the channel relocation will be coordinated with construction
of the third runway, South 154th Street/South 156thWay relocation, the sewer line relocation, and

construction of Vacca Farm floodplain projects. A detailed description of implementation,
construction methods, and construction steps for the Vacca Farm projects, including the stream
relocation, is included in Section 5.1.4.
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5.1.1.8 Monitoring and Performance Standards

The Miller Creek relocation project will be momtored consistent with the approach and schedule
outlined m Section 4 of this document. Detailed performance standards and contingency measures
for the Miller Creek channel are included m Table 5.1-7, which summarizes performance standards

and monitoring methods and parameters for all of the Vacca Farm mitigation projects. The general
monitoring schedule for the Vacca Farm projects is provided in Table 5.1-8. Monitoring the new
channel includes routine inspections and emergency inspections following major floods.

Hydrology and Hydraulics

The effectiveness of the relocated stream will be evaluated in several ways. Because erosion and

sedimentation are the primary indicators of stream hydraulic conditions, they are the critical criteria
to be included in the proposed monitoring plan. The following activities will be included in the
stream monitoring plan to determine whether specific performance standards are being met (see
Tables 5.1-7 and 5.1-8):

• Inspect the constructed habitat features (log weirs, root wads, etc.) to ensure they have not
been damaged or displaced (to the extent that they are not providing habitat)

• Inspect the substrate to ensure that sedimentation and erosion prevention goals are met

• Inspect for erosion or scouring

• Evaluate substrate material to determine if particle sizes remain stable, and there is no
evidence of excessive siltation or scouting

• Inspect stream structures and channel after major storms, as monitored by the KCSWM
gage

• Inspect for adverse flooding impacts and ponding water

Fencing along the perimeter of the mitigation area will protected the area from public access and
illegal dumping. Where feasible from security and wildlife management concerns, it will be
designed to promote wildlife movements. Permanent signs that clearly designate the area as a
protected wetland mitigation site will also mark site perimeters. Signs will be inspected regularly
and maintained in good condition by the Port.

Channel Bank and Riparian Buffer

Vegetation along the new channel will be monitored to ensure that channel and riparian plantings
meet design goals and become successfully established along the relocated stream. Performance
standards, variables to be evaluated (e.g., survival, cover), and specific contingency measures for
riparian vegetation are included in Table 5.1-7.

The landscape shows that the planting of conifer trees is phased (see landscape design sheets in
Appendix A). It is anticipated that these conifers would be planted in a second planting phase
coincident with replacement plantings that may be required to meet the year three performance
standard for plant survival. At this time, the conifer species would be planted. The trees will be
positioned such that they receive some shade from adjacent plants (trees, shrubs, and groundcover).
For the fwst growing season following this planting, soil moisture conditions will be examined
closely, and the use of the temporary imgation system may be used to reduce mortality and promote
growth.
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Table 5.1-8.MillerCreek relocalion mitigationmoniWring methods and schedule.

YearsFollowingConstruO/on

Feature Activity Duration 0 1 2 3 4 5 6 7 8 9 10 12 15

Habitat Visualinspection, Annually(May), or X X X X X X X X X
Structures photodocumentation afterflows in excess

of the 2-year peak
flow (duringthefirst
3 years)

Channel Measuredcross Annually (May) or X X X X X X X X X
Morphology sections,longitudinal afterflows in excess

profiles, of the 2-year peak
photodocumentation flow (duringthe first

3 years)

Substrate Pebblecounts Semi-annually X X X X X X X X X
(February/August)

Erosionor Evaluatematerials Annually (May) or X X X X X X X X X
Scouring andscouring afterflows in excess

of the 2-year peak
flow (duringthe first
3 years)

Adverse Inspectfloodplainfor Twiceyearly X X X X X X X X X
Flooding pondedwater (February/

November)

Channel Vegetationsampling Semi-annually X X X X X X X X X
Plantings (May/June&

September/October)

WetlandDclincationEarlyspring X X X

Instream Habitat

Instream habitat conditions in the relocated channel section will be described based on a variety of

monitoring data collected using standard methods for ecological evaluations of streams. Hydrologic
conditions important to habitat that will be described include water depths, velocities, profile, and

area of wetted channel. Substrate conditions (size and type) will be evaluated and described by site
observations and pebble counts. The amounts and types of LWD in the stream channel will be
described, including the special habitat conditions (undercut banks, side channels, and pools) this

LWD creates. The influence of riparian vegetation on instream habitat will be described based on

surveys of plant cover overhanging the high- and low-flow channels. Methods for collecting and
evaluating this information are provided in Table 5.1-8.

5.1.1.9 Site Protection

The Port will execute and file restrictive covenants on the mitigation projects at the Vacca Farm
site. Copies of restrictive covenants that have been approved by ACOE, Ecology, FAA, and
USDA-WSD are included in Appendix G.
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5.1.1.10 Maintenance and Contingency Plans

A key design objective for the stream channel is that it shall function as a natural channel, requiring
little or no maintenance. To ensure that this goal is achieved, the monitoring plan and contingencies
have been designed to allow the channel to perform within a range of conditions. If the
performance standards indicate that the channel is not within this acceptable range, periodic
maintenance may be required to change or remove the factors responsible. Specific contingency
measures for the channel relocation are included in Table 5.1-7.

The proposed channel configuration has two basic conveyance criteria that need to be maintained to
meet performance standards: (1) maintain minimum flow depths and velocity for fish passage,
water quality, and sedimentation; and (2) provide flow capacity for peak flows. If there were to be
future changes in flow rates in Miller Creek compared to design flows, contingency measures may
be required for the project to continue to meet goals and objectives. The Port does not anticipate
that contingency measures will be needed due to future changes in flow rates for the following
reasons. How rates are unlikely to differ from the design flows used to develop this plan because
the design flows were derived from detailed data (including a calibrated Hydrologic Simulation
Program FORTRAN [HSPF] model), and because of the extensive BMPs developed for the project
(see Section 6 and Parametrix 2000a, 2001a). Possible contingency measures that would be
implemented in the case of altered flow rates could include:

• Widening the base flow channel to reduce velocities and improve capacity

• Narrowing the base flow channel with logs or boulders to increase base flow depth and
velocity

• Widening the flood flow portion of the channel (above 0.5 ft) to improve capacity and
reduce velocity

• Adding log weir steps to flatten stream slope, reducing velocity and increasing base flow
depth

• Adding a bypass flow channel to convey peak flows past the main channel.

5.1.2 Vacca Farm Floodplain and Wetland Restoration Plan

To mitigate the loss of floodplain storage (approximately 5.24 acre-ft) and wetland impacts in the
Miller Creek basin, the floodplain and wetlands in the Vacca Farm area will be restored (see Table

5.1-1). Restoration of the historic floodplain and wetlands will include providing a minimum of
5.94 acre-ft of flood storage, restoring wetland hydrology, and re-establishing native vegetation in
approximately 12 acres of existing cultivated farmland and aquatic habitat of Lora Lake. Replacing
non-native vegetation with native plant communities will enhance existing degraded wetlands on
the Vacca Farm site. Planting forested upland buffers around the perimeter of the Vacca Farm site
(Figure 5.1-5) will further enhance functions in the restored wetlands. Approximately 5 acres of
upland buffers will enhance and protect the floodplain wetlands by increasing infiltration and
supporting wetland hydrology and stream base flows, removing sediments and nutrients, and
providing physical protection and visual screening from adjacent properties. The Vacca Farm
mitigation allows significant wetland functional restoration to occur in proximity to, and in the same
basin as, project impacts.
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Vacca Farm contains areas which historically were wetland but have altered hydrology due to prior

agricultural activities. Historic wetlands north and west of Lora Lake have been filled. The
floodplain and wetland restoration will restore wetland hydrology to the site by removing existing
drainage features and excavating part of the floodplain to bring seasonal groundwater levels closer
to the surface, and removing fill from the perimeter of Lora Lake. Native wetland plant
communities will be restored to the floodplain wetlands and existing degraded emergent wetlands

will be enhanced to forested or shrub wetlands (see Figure 5.1-5). These actions will enhance

hydrologic (i.e., surface water storage) and water quality functions at the Vacca Farm site, as well as
reduce the volume of eroded soil, pesticide, and fertilizer runoff reaching Miller Creek.

To protect aquatic habitat in Miller Creek and protect and enhance functions of floodplain wetlands,
forested buffers will be established and enhanced. An upland buffer area will be established along

the east side of the relocated Miller Creek between the riparian zone of the stream and the relocated

roadway for South 154th Street (Figure 5.1-6, see Figure 5.1-5). The buffer will reduce human
intrusion into the riparian zone, screen riparian habitats from human activity, and protect water

quality and aquatic habitat. A second upland buffer will be established between the floodplain
enhancement area and Des Moines Memorial Drive on the west side of the Vacca Farm site (see

Figure 5.1-5). The forested buffer in this area will provide a physical buffer between the road and
the enhanced shrub floodplain wetlands and restored stream.

5.1.2.1 Goals, Objectives, and Design Criteria

Three specific goals have been identified for the Vacca Farm floodplain and wetlands mitigation:

• Compensate for loss of riparian flood storage and wetlands in the Miller Creek basin.

• Restore and enhance floodplain and wetland functions adjacent to Miller Creek in the Vacca
Farm site by restoring historic floodplain and wetland hydrology and vegetation. Enhance

floodplain, wetland, and stream functions by providing forested riparian and upland buffers.

• Grade the floodplain and create a planting area for the wetland community in the floodplain
area that does not attract waterfowl and flocking birds, and reduces existing wildlife hazards.

Specific objectives and design criteria to achieve these wetland mitigation goals are listed in Table
5.1-9.
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Table 5.1-9. Mitigation goals, design objectives, and design criteria for the Vacca Farm wetland restoration
project.

Goals and Design Objectives Design Criteria

Goal 1: Compensate for loss of floodplain and floodwater storage

Provide additional floodplain area by excavating Excavate approximately 9,600 cy of soil between elevation
approximately 9,600 cy on the Vacca Farm site. 262 ft and 266 ft.

Drainage swales to provide positive drainage from the
floodplain and prevent standing water during non-flood
periods.

Use excavated material from grading the secondary swales to
create topographic variation in the floodplain.

Goal 2: Increase funetional linkages between historic wetlands and Miller Creek

Remove existing agricultural uses from the Eliminate farming activities and remove existing structures
floodplain area on the Vacca Farm site. from restoration site.

Restore wetland hydrology to farmed wetlands and Remove ditches and drains. Grade floodplain to elevations
prior converted croplands, that restore wetland hydrology.

Plant floodplain with native trees and shrubs. Restore 11 acres of floodplain (see Table 5.1-1) with native
vegetation.

Plant native shrub species in the floodplain and intersperse
native trees in this area. Shrubs will be planted at a density
greater than 2,100 per acre.

Goal 3: Establish native wetland communities in the mitigation area that does not attract waterfowl and
flocking birds

Deter flocking waterfowl from using the site. Plant the floodplain with native trees, shrubs, and tall grasses
to deter waterfowl.

5.1.2.2 Mitigation Site Description

The Miller Creek floodplain and wetland restoration project will be located at the Vacca Farm site,

northwest of the existing airfield. The Vacca Farm site includes Lora Lake and the area to the south

of Lora Lake between the existing Miller Creek channel and Des Moines Memorial Drive (see

Figures 2.1-2 and 2.1-4). Vacca Farm contains upland areas around the perimeter of the site;

agricultural fields; some scattered farm structures; a system of drainage ditches and tile drains; FWs;

and forested, shrub, and emergent wetlands (Parametrix 2000c). A large ditch runs through the

middle of the Vacca Farm site, parallel to the existing Miller Creek channel, flowing into Miller

Creek at the south end of the site (see Figure 2.1-4).

5.1.2.3 Ownership

The Port owns all of the property on the Vacca Farm site.
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5.1.2.4 Rationale for Selection

The Vacca Farm site allows significant wetland functional restoration to occur in proximity to, and
in the same basin as, project impacts. Mitigation at this site provides the opportunity to restore

wetland hydrology and wetland habitat to areas that historically were wetlands, but have altered
hydrology due to prior agricultural activities. In addition, because the site has been fanned, non-
native plants dominate the site, there are no extensive areas of existing forest or invasive species,
and the site is relatively fiat. Therefore, minimal grading would be required, and no natural

vegetation communities would be disturbed by mitigation activities. The floodplain and wetland
restoration will also reduce wildlife hazards near the airport by replacing emergent wetlands with
forested and shrub wetlands. These actions will enhance hydrologic (surface water storage) and

water quality functions at the Vacca Farm site, as well as reducing the volume of eroded soil,
pesticide, and fertilizer runoff reaching Miller Creek.

5.1.2.5 Constraints

No constraints have been identified that would preclude implementing this plan.

5.1.2.6 Ecological Assessment of the Vacca Farm Mitigation Site

Ecological conditions important to the mitigation design and implementation are summarized
below. Historically the Vacca Farm site likely was a mosaic of forested and shrub wetlands. These
wetlands developed on peat soils that formed in a wide floodplain along a low-gradient, frequently
flooded reach of Miller Creek. The site currently consists of uplands; agricultural fields; FWs; and
forested, shrub, and emergent wetlands.

Miller Creek Floodplain

The 100-year floodplain in the vicinity of the Vacca Farm is quite extensive (see Figure 2.2-2). The

wetland area and poor drainage that existed prior to agricultural drainage activities are evident from
the 100-year floodplain estimated by FEMA. The approximate 100-year flood elevations,
determined by FEMA as part of its study, vary from 266 ft at the Miller Creek detention facility
outlet to approximately 265 ft at the downstream end of the Vacca Farm site. A floodway has also
been delineated and mapped in a portion of the floodplain on the Vacca Farm site.

Hvdroloav

Wetland hydrology on the Vacca Farm site is supported primarily by high local groundwater levels,

and secondarily by precipitation and overbank flooding in Miller Creek. Four groundwater

monitoring wells were installed at the Vacca Farm site on May 14, 1997 to evaluate site hydrology.
Groundwater levels were then measured during 16 separate site visits between May 30, 1997 and
November 12, 1997 (Table 5.1-10). Dunng this period, groundwater levels averaged approximately
1.5 to 2 ft below the ground surface. The largest fluctuation occurred at monitoring well P-l,
located in the existing forested and shrub wetland. At this well, the groundwater table was lowest

during the dry summer months, and, as expected, higher groundwater levels occurred in the spring
and fall. For the past several years (1996 to 2000) during the winter and early spring months, the
Vacca Farm site was temporarily flooded and soils were saturated to the surface. These data were
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used to estimate hydrologic conditions expected to occur in the floodplain restoration site once

drainage ditches are removed and excavation in the floodplain area is complete.

Table 5.1-10. Groundwater monitoring well data' on the Vacca Farm site.

Well Numbers and Surveyed Elevation (ft) b

P-1 P-2 P-3 P-4

Sampling Date (263.7) (265.1) (262.9) (273.1)

5/30/1997 -0.9 -2.0 - 1.3 -2.5

6/0511997 -0.5 - 1.5 -0.4 -2.3

6/11/1997 -0.8 -1.8 43.6 -2.3

6/19/1997 -1.0 -1.9 -0.7 -2.4

7/03/1997 - -2.0 -0.6 -2.4

7/10/1997 -0.5 - 1.6 -0.4 -2.3

7/25/1997 -2.0 -2.2 - 1.3 -2.5

7/31 / 1997 - -2.3 - 1.6 -2.5

8/07/1997 -2.6 -2.4 - 1.8 -2.5

8/14/1997 -2.7 -2.6 -2.1 -2.5

9/04/1997 -2.4 - I. 8 -2.5

9/18/1997 43.1 - 1.1 -0.5 -2.2

9/26/1997 -1.0 - 1.7 -0.5 -2.3

10/03/1997 -0.6 - 1.2 -0.3 2.2

10/16/1997 -0.8 -1.6 -0.3 -2.2

11/12/1997 -0.5 - 1.4 -0.2 -2.2

a Data are represented as depth to groundwater in ft.
b Elevations are represented as ft above mean sea level.

Softs

The Soil Survey for King County Area Washington (Snyder et al. 1973) has not mapped soils within

the project area. However, Parametrix, Inc. and HWA GeoSciences, Inc. (1998) have evaluated

existing soil conditions on the Vacca Farm site. Results of these investigations revealed that most

of the soils on the site are underlain by soft, saturated peat that overlies layers of alluvial sands, silts,

and dense, glacially deposited material. These conditions indicate that the area was largely a

historic wetland that has now been partially drained and highly modified. Typical soil profiles in

peat-dominated areas on the Vacca Farm site are shown in Appendix A, Sheet C6.1. Soils in the

upland areas on the Vacca Farm site are predominantly silty loams with scattered inclusions of

sandy loams.

Upland Vegetation

Upland areas on the Vacca Farm site primarily consist of recently cultivated cropland; no native

plant communities are present. Limited areas on the edge of the cultivated fields on the south and
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west side of the site are dominated by Scots broom (Cytisus scoparius), Himalayan blackberry,
Canada thistle (Cirsium arvense), and various grass species such as orchardgrass (Dac_,lis

glomerata) and common velvetgrass (Holcus lanatus).

The upland area in the southern portion of the site contains a gravel fill pad covered with various
grass species and a dense Himalayan blackberry thicket. Some of the upland areas surrounding
Miller Creek and drainage swales were created from side-cast material from past dredging and
maintenance activities in the stream and swales. Cultivated areas have been ditched and drained.

Farmed Wetland Vegetation

Nine farmed wetlands are present on the Vacca Farm site (FWs 1, 2, 3, 5, 6, 8, 9, 10, and 11; see
Figure 2.1-4). Farmed wetlands are areas that contain wetland hydrology and soils, but lack

wetland vegetation because of farming activities. Additional descriptions of the these wetlands can
be found in the Wetland Delineation Report (Pammetrix 2000b). Due to the site's agricultural
history, an extensive network of drainage ditches and tile drains exists on the site.

These areas have hydric soils and soil saturation within 12 inches of the soil surface for more than
15 consecutive days during the growing season. It is likely that these areas were wetlands before
being converted to active farmland. However, these areas lacked inundation for at least 15

consecutive days during the early growing season and therefore do not meet the criteria for FWs
according to the Food Security Act (Section 514.22).

Forest_ Shrub, and Emergent Wetland Ve_,etation

A single large wetland (Wetland A1, approximately 4.66 acres) occurs in the central portion of the

Vacca Farm site (see Figure 2.1-4). Wetland A1 is a forested, shrub, and emergent wetland
complex located south of Lora Lake and extending south through the center of the Vacca Farm site.

The northern portion of this wetland contains red alder and black cottonwood in the tree canopy
with willow, hardhack, and common cattail (Typha latifolia) in the understory. A narrow band of
Wetland A1 continues south and contains scrub-shrub and emergent wetland habitat that bisects the

farmed agricultural fields. This wetland area is associated with a large north-south drainage ditch
that parallels Miller Creek and ultimately drains into the stream to the south (see Figure 2.1-4).
Dominant species in wetlands associated with the ditch include Pacific willow (Salix lucida),
Himalayan blackberry, common cattail, and reed canarygrass.

Wetlands A2, A3, and A4 are seasonally saturated shrub wetlands located in the center of the Vacca

Farm site, in tilled farmland. These wetland islands are dominated by Himalayan blackberry with
creeping buttercup (Ranunculus repens) around the edges.

5.1.2.7 Vacca Farm Floodplain and Wetland Restoration Design

This mitigation plan will replace lost flood storage by excavating approximately 9,585 cy of soil
that is currently above the 100-year floodplain on the Vacca Farm site. This action will compensate
for lost floodplain storage and wetland impacts from construction activities for the third runway fill
embankment and portions of relocated South 154thStreet. The farmed fields at the Vacca Farm site

will be regraded to restore wetland hydrology and planted with native tree, shrub, and herbaceous

plant species to restore the historic riparian/floodplain wetland. In addition, a portion of an existing
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forested, shrub, and emergent wetland (Wetland A1) will be enhanced by planting native shrubs in
the area currently dominated by non-native blackberry species. Key elements of the mitigation

design are presented below. Specific details on construction sequencing and construction methods
for the project are included in the implementation section for Vacca Farm projects (Section 5.1.4).

Gradin_ Design

Prior to grading, existing structures and fences will be removed from the site and existing ditches
and drains will be filled or removed to restore site hydrology. The mitigation design objectives for

the floodplain grading will be achieved by excavating and grading approximately 6 acres of the
Vacca Farm site between elevations 262 and 266. An initial step will be to remove the top 6 inches

of topsoil where floodplain grading will occur to remove potential pesticide residues from past
farming activities. This soil will be disposed of off-site at an approved upland disposal facility.

To prevent water from accumulating on the new floodplain surface and potentially attracting
waterfowl, a drainage swale with secondary side channels will be graded through the middle of the

floodplain. The primary channel will be centrally located and approximately 1 to 2 ft wide and 1 to
2 ft deep. Excavation for the channel will add a minor amount of floodstorage capacity to the site,
but the channel will not affect the overall functions of the floodplain. During flood events the

channel will become inundated by floodwater that backs up as a result of restrictions located
downstream (south) of the site. 24 Additional floodwater will enter the site from the north, as the

stream overtops its banks. As floodflows abate, and the channel south of the site can accommodate
the stream within its channel, the floodplain will drain. The rate of drainage, however, remains

controlled by the downstream channel, and not by the on-site drainage channel. The on-site channel

simply assures that water is not stored for long periods (i.e., dead storage) on the site.

Side-cast material from creating these channels will be incorporated into the site grading plan to
create microtopographic relief. Microtopography will consist of mounds and ridges at a density of

approximately 4 features per acre. Depressional areas will not be created due to the potential for
attracting hazard wildlife. This microtopographic relief provides habitat complexity that will
increase the diversity of plant species that can be supported on the site (Appendix A, Sheet C7.1).
LWD will also be added to the floodplain to increase habitat complexity and increase organic matter

on the floodplain (Appendix A, Sheet CI. 1).

Immediately after grading, the two floodplain wetland planting zones (see Figure 5.1-5) will be

hydroseeded with a native grass mix to establish understory plants in these zones. All other areas
that have been graded will be hydroseeded with a seed mixture designed to prevent soil erosion and
sedimentation to Miller Creek and/or Lora Lake (Table 5.1-11). The seed mixture will stabilize any

exposed soils that will not be brought to final grade or permanent vegetation cover within 30 days of

exposure. This seed mix should be applied during the period between April 1 through June 30 and
September 1 through October 3 I. If seeding occurs between June 1 and September 30, irrigation
may be required to ensure germination and establishment.

24Becauseof thesedownstreamrestrictions,the floodplainbecomesa backwaterarea, and the drainagechanneland the
floodplainas a whole is not a floodwayor "flow-through"system. The downstreamchannel restrictionswill not be
modified,and thereforedownstreamflowand floodconditionswill not change.
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Table 5.1-11. Proposed seed mix for erosion control.

Scientific Name Common Name Percent by Weight

Agrost:s alba Redtop 10

Lolium multiflorum Annual rye 40

Festuca rubra var. commutata Chewings red fescue 40

Trifolium repens White clover 10

All soils left exposed for greater than 48 hours from October 1 through March 31 (or greater than 7

days from April 1 through September 30) will be covered with jute matting or other appropriate
BMPs.

As described above, soils at the Vacca Farm site consist primarily of peat and some mineral topsoil.

Therefore, it is anticipated that soil amendments will not be necessary after grading activities occur.
To the extent practicable, existing organic soils (below the top 6 inches) and sands from the site will
be used to create a suitable planting medium and match the proposed final graded surface

(Appendix A, Sheet C6). Where use of existing organic soils is not practicable, a prepared topsoil
will be tilled into the subgrade prior to planting. Newly graded slopes will be tracked at right angles
to the contour to reduce soil erosion.

Temporary irrigation will be installed following grading to provide flexibility in plant installation
and to maximize successful establishment, survival, and early growth of hydroseeded cover crops

and plant stock. The irrigation system is used to provide suitable wetland hydrology (see below), but
to ensure success during the initial critical stages of plant establishment. The system will be

designed so that above-ground portions can be removed after a few years, when the option to use
irrigation will no longer be needed. Irrigation will use municipal water purchased by the Port.
Application rates will be less than agronomic rates, but sufficient to reduce plant mortality and to

promote growth during dry periods. Use of the irrigation system is described more fully under
Implementation, Section 5.1-4.

Expected Hydrology

The high groundwater table throughout the Vacca Farm site suggests that post-construction
hydrology will result in soils that are saturated to the surface from the onset of autumn rains through

early summer (early to mid July). Standing water, ranging in depth from 2 to 6 inches, is also
expected to occur for short periods during the fall, winter, and spring months. To deter waterfowl
from using areas of standing water, dense shrub plantings will be located throughout the site. The
upland zones may become saturated during some winter months in years of normal rainfall, but

would likely be dry by early summer. Because of a high water table on the site, dewatering may be
necessary before grading activities occur (see Implementation, Section 5.1.4).

Wildlife Considerations

Flocking birds, raptors, and waterfowl pose the greatest concern for aircraft safety at STIA.
Therefore, a landscape planting approach has been developed to aid in deterring these species from

using the new mitigation sites as foraging areas or roost sites. Guidance obtained from Port wildlife
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managers and information gathered through literature searches have directed development of the

planting plan. For example, Lyon and Caccamise (1981) found that roost stands for European
starlings were generally composed of deciduous trees 18 to 35 years of age with stem densities
greater than 290 trees per acre (average of about 700 trees per acre). The minimum roost size was
0.32 acre, although the average was about 4.5 acres. Conclusions from this study indicate that these

birds typically select roost sites composed of dense stands of young trees that allow the birds to
roost in a compact formation, and also provide some th_inlal protection after leaf fall.

Waterfowl typically prefer to forage in open areas, such as open water, emergent marshes, or
mowed lawn, because their view of potential predators is unobstructed. An obstructed view is

perceived as dangerous and waterfowl will not typically forage in such an area. Therefore, the
planting plan will focus on installing dense shrubs with scattered small trees to obstruct views and
landing paths. This strategy will also exclude waterfowl during the winter by creating a dense
barrier of stems to cover standing water that is likely to be present.

Geese or waterfowl exclusion measures will likely be necessary during the initial years of the

mitigation because the site will be dominated by low vegetation and will be fairly open. Geese
exclusion measures will include dense planting of trees and shrubs on the restoration site and the

elimination of areas of open, ponded water. During the monitoring period, geese exclusion may
also include physical barriers to prevent geese fi'om landing or entering the site.

Landscape Plan

Planting Plan

Six planting zones will be created in the Miller Creek floodplain enhancement and wetland
restoration area: Upland Buffers, Existing Wetland Enhancement, Floodplain Zone 1, Floodplain
Zone 2, Miller Creek Riparian Buffer, and Miller Creek Channel Planting (see Figure 5.1-5; and
Table 5.1-12; Appendix A, Sheets L4 and L5). To minimize wildlife hazards, all the planting plans
for the on-site mitigation actions are designed to be unattractive to flocking birds and waterfowl.
Plants used in the on-site mitigation areas produce few fruits, berries, or nuts (see Table 5.1-12).

The landscape plan for the area shows that the planting of conifer trees is phased (see landscape
design sheets in Appendix A). It is anticipated that these conifers would be planted in a second
planting phase coincident with replacement plantings that may be required to meet the year three
performance standard for plant survival. At this time, the conifer species would be planted. The
trees will be positioned such that they receive some shade fi'om adjacent plants (trees, shrubs, and

groundcover). For the first growing season following this planting, soil moisture conditions will be
examined closely, and the use of the temporary irrigation system may be used to reduce mortality
and promote growth.

Upland Buffers

Upland buffers (see Figures 5.1-5 and 5.1-6; Appendix A, Sheets I_4 and L5) are located east and

west of the floodplain area, and will be planted with species adapted to seasonally wet, upland soil
conditions. Upland buffers will typically be located above the 100-year floodplain (approximately at

the 265-ft elevation). The landscape plan for the upland area will focus on planting trees and shrubs

in a dense vegetated buffer to protect the floodplain enhancement area from surrounding land uses.
Installed tree densities will be at least 280 stems per acre. Trees will be installed according to the
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planting plan and field locations will approved by the landscape architect or wetland biologist.
Installed shrub densities will be greater than 2,100 individuals per acre (see Table 5.1-7). The

planting scheme in the upland areas will place coniferous and deciduous tree species in patches to
create a broken canopy.

Existing Wetlands to be Enhanced

Removing non-native invasive species in selected areas and infill planting with native tree and

shrub species will enhance existing wetlands on the Vacca Farm site. A portion of Wetland AI,
south of Lora Lake, contains an area that historically has been disturbed by agricultural and other
activities. As a result of this disturbance, non-native invasive species such as Himalayan blackberry

have become dominant in this portion of the wetland. Therefore, an enhancement plan has been

developed for this area to promote a native wetland vegetation community. Patches of blackberry
will be removed and the wetland will be planted with native small tree and shrub species (primarily
willows) to create a native shrub/tree community and to reduce cover of non-native species.

Planting densities for infill tree planting will be greater than 250 stems per acre and for shrub

planting will be greater than 1,700 individuals per acre. Infill planting densities are slightly lower
than planting densities in cleared and/or graded areas because some native vegetation already exists
in areas to be infill planted.

Floodplain Wetlands (Planting Zone I and Planting Zone 2)

Floodplain wetlands will be restored to native small tree and shrub wetland plant communities
following grading. The landscape plan for the wetland floodplain restoration area will be similar to

that described above with regard to wildlife attractants. Shrubs will be planted in dense patches to
provide continuous shrub cover, with western redcedar (Thuja plicata) and some deciduous trees on
microtopographic high points interspersed in the shrub planting (Figure 5.1-7). Floodplain Zone 1

is the wettest zone on the floodplain and will be planted with species tolerant of the prolonged
saturation and periods of inundation that will occur below elevation 262.5 ft. Floodplain Zone 2
will be slightly drier than Zone 1 and will consist of wetland plant species tolerant of the wet and
saturated soil conditions that occur between elevations 262.5 and 265 ft. Figure 5.1-6 and Sheet

C1.2 in Appendix A show a typical cross section of the Vacca Farm floodplain following grading
and planting.Figure

Installed tree densities will be at least 280 stems per acre. Trees will be installed according to the
planting plan and field locations will approved by the landscape architect or wetland biologist.
Installed shrub densities will be greater than 2,100 individuals per acre.

Herbaceous understory species will be established in the two floodplain wetland zones by

hydroseeding a native grass/sedge/forb mix in these zones in early fall, following grading (see Table
5.1-11). The hydroseed mix will contain seeds and a wood fiber mulch and tackifer to stabilize soils

and enhance germination. Plant species included in the mix are designed to provide for rapidly
germinating species that can provide initial cover, as well as later germinating species that will add

to the cover and species diversity of the herbaceous vegetation of the floodplain communities.

Natural Resource Mitigation Plat) 5-41 November 2001

Seattle-Tacoma hltemational Airport 556-2912-001 (03)
Master Plan Update

AR 029431



.CO

3_

e O
w _O
® _cE

° _ ° __ _ ___
_ _ _ _ _ _._o_

®®D"
.....'..i.: • :::-;-:" "i'i'i....... :.i.:.:_.:-i.:.:.:.:.:.:-:.i.i.:.:.:.i.i.:.:-:':-i-iiii'i2-1-1-:'

i ::::::::::::::::::::::::::::::::::::::::::::::::::i:i:i:!:i:i::::::::::::::::::::::::::::::::::

..-....-......-..-.--.-- ..... '; :._.-:-:"":"_c:_:: : : : : :
i!_i!iii!ii!_! i!!i!_!ii!!!::!::!::!i/:!:!:!:!_:_!:!:i:!:i:i:!:i__ii:iiiiiiiiiii

1127-............"--""_ " """"'"""..,, . .... .... ..... ..'.. '. '.. ..'-. :.112i ;i': :; :i
-;-i 1-12i2-22i ii2 i-i-2-1-11-1-122-,'7....'. .... ...'..._. ..... ....... _'.. .,
___.___._._.:._.:._._._._._.___.:._._.____:__./._._.:._.:._._.__:___.2.:.______:."'-22-11ii11"21i 12"

•;.2.2.;.2.;.2.;.2.:.2.2.2.;.2.2.2.;. 2.2.).:_" .-.-.".".".'. ".".'.".'. ".".'.".-. %;,.".".'.'.-.|.-._ ._.-." .I
:ii:i::!::i::::!:!:!:i:i:::i:::(:!_:i_i._ii:i:i::i:i:ii:!:!::::i:i:i i:_:iiii:__.'_:!iii

::: :!:: :::i:i:/::!:::_: ::?:!:i::!:::: :::):!:: : ::i::!:::::::::::::::::::::::::
._._._:.;.;.;.;_;_._:.;_;.;.;.;_;_7_.;_;._.;_;._.:.;.;.;.;.;.;.;_;.;.;.;._.;.;.;.;._.;.;.;.:_;.:.;_;.;_.;.:_;.;_;.•. - . •. •. •. -. •. -. _ •. •. •. •. •, •. -. - . •. •, -. •. •. •. -. •... -. •. -. -. -. •. •. '. •. - ... •.,. •. •, ". •. •. •. -, -, ". -. •, '. •.. •. •. •. •. •. -. •. -

7 _:7)iii77i 77:::_Tiiii77i_77ii_7iiTi!!i
!ii !7_:7 7 i li i_-7i7

AR 029432



Miller Creek Riparian Buffer and Channel Planting

In addition to the upland buffers along the northwest and east sides of the site, riparian buffers will
be established along Miller Creek and around Lora Lake (see Figure 5.1-5; Appendix A, Sheets L4
and L5). Species proposed to be planted in the riparian buffer include black cottonwood, Pacific
willow, Sitka willow (Salix sitchensis), Scouler's willow (Salix scouleriana), bigleaf maple (Acer
macrophyllum), Oregon ash (Fraxinus latifolia), red alder, Pacific ninebark (Phsocarpus capitatus),
and vine maple (Acer circinatum). An average 50-ft buffer will be established on both sides of the
relocated segment of Miller Creek, although in some areas the buffer will be less than 50 ft wide
due to the location of the embankment and South 154eaStreet/South 156thWay. The immediate
channel banks of the newly relocated channel will be planted with live willow stakes (Appendix A,
Sheets I_.4and I_5). A typical cross section of the proposed buffer area around Miller Creek appears
in Figure 5.1-6 and in Appendix A, Sheet C1.2.

Planting Approach

Planting will occur whenever possible in late fall (October to November) or early spring (March or
April), when soil moisture and plant conditions are optimal for installing plants. However, it may
not always be possible or desirable to plant only during the winter months. For example, soils could
be frozen or too wet at times during the winter months, limiting the amount of planting that can take
place. Irrigation will be installed on the site to make it possible to plant during times of the year
other than winter or early spring. Trees of varying heights (between approximately 36 and 48
inches) will be planted to provide height diversity, and trees and shrubs will be planted in a mosaic
of species and heights to simulate natural patchiness. Trees and shrubs will be planted at densities
(see Table 5.1-12) sufficient to attain the performance standards in Table 5.1-7. A landscape
architect or wetland scientist will be on-site to observe placement and installation of the plant
material to ensure that plants are installed according to the planting Plan and specifications.

To reduce potential competition with non-native species, mulch or landscape fabric will be placed
around the base of trees and shrubs. Girdling or other damage from small or large mammal grazing
will be reduced or prevented through the use of collars, or the stems of installed plant material may
be painted with a mixture of pruning wax and a natural deterrent such as cayenne pepper.

5.1.2.8 Monitoring and Performance Standards

The Vacca Farm floodplain and wetland mitigation site will be monitored consistent with the
approach and schedules outlined in Section 4 of this document. Specific performance standards and
contingency measures for the Vacca Farm floodplain are included in Table 5.1-7. The general
monitoring schedule for the Vacca Farm projects is provided in Table 5. I-8. Monitoring objectives
specific to the Vacca Farm site are designed to evaluate the functioning of the relocated channel
(discussed above in Section 5.1.1.8), floodplain hydrology, wetland indicators, and the
establishment of the upland and wetland plant communities (Table 5.1-13). Monitoring for hazard
wildlife will also be conducted at the Vacca Farm site, as described in Section 4.
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Floodplain Hydrology

Floodplain groundwater hydrology will be monitored at the Vacca Farm site for at least a 15-year
period following completion of all mitigation construction. The primary ptLrpose of monitoring
groundwater levels is to verify that shallow groundwater continues to support wetland hydrology on
the site, and that seasonal groundwater levels are sufficient to support the wetland plant
communities on the site. Groundwater hydrology will be monitored at the Vacca Farm site
consistent with the methods and approach outlined in Section 4 of this document.

Ve_,etafion Monitorin2

Vegetation will be monitored in all planting zones at the Vacca Farm site to verify that performance
standardsare being met, and to develop contingency measures as necessary (see Table 5.1-7, Table
5.1-13). Vegetation monitoring will be consistent with the approach, methods, and schedules
provided in Section 4 of this document.

5.1.2.9 Site Protection

The Port will execute and file a restrictive covenant for the mitigation area. Copies of proposed
restrictive covenants arc included in Appendix G.

The boundaries of the mitigation area and buffers shall be permanently marked with stakes at least
every 100 feet or with fencing. The marking shall include signage that clearly indicates that
mowing and fertilizer/pesticide applications are prohibited within mitigation areas. The details of
fencing and signage are provided in Appendix P.
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5.1.2.10 Maintenance and Contingency Plans

Routine maintenance tasks (e.g., maintaining irrigation systems, removing trash, mulching,
mowing) and adaptive management contingency measures (e.g., re-planting, weed control) will be
implemented consistent with the approach outlined in Section 4. If the Vacca Farm site does not
meet performance standards during the monitoring period, contingency measures will be
implemented using the adaptive management approach outlined in Section 4. Specific contingency
measures are provided for each performance standard in Table 5. I-7.

Meeting the performance standards for non-native invasive species at Vacca Farm will likely
require implementation of contingency measures during the 15-year monitoring period. Potential
invasive species of concern at the Vacca Farm site include, but are not limited to, reed canarygrass,
Himalayan blackberry, Japanese knotweed (Polygonum cuspidatum, and P. sachalinense), and
purple loosestrife (Lythrum salicaria). These species are a concern because they already occur at
Vacca Farm and may be difficult to eliminate, or because propagules of these plants are likely to
continuously re-invade the site from upstream aquatic sources or from the surrounding area.
Successfully establishing native vegetation on the site will be a key component in reducing and
controlling invasive species in the long term at the mitigation site. In the short term (i.e., during the
15-year monitoring period), contingency measures specified in Table 5.1-7 will be implemented as
necessary to control invasive species on the site.

Possible contingency measures that may be implemented to reduce hazard wildlife attractants
specific to Vacca Farm are included in Table 5.1-7. Contingencies include eliminating areas of
standing water on the floodplain by planting shrubs or minor regrading to eliminate depressions.
Measures to control wildlife hazards will be consistent with the Port's WHMP approach described
in Section 4.

Examples of the types of contingency actions that may need to be implemented at Vacca Farm
include:

• If topographic surveys reveal inadequate floodplain storage capacity, additional grading will
be undertaken to replace the lost floodplain area.

• If standing water persists on the site for extended periods such that waterfowl use of the site
is regular, then corrective actions will be taken to plant densely with shrubs or create
positive flow of surface water off the site to Miller Creek.

• If invasive species cover is greater than specified in the performance standards, or if native
plant survival is reduced by competition with non-native invasive species, then invasive
species removal and/or control will be implemented.

• Replacement plants will be installed if survival is less than 80 percent in the first 3 years.

• If plant species exhibit greater than 20 percent mortality within the first 3 years, site
conditions would be re-evaluated to determine whether the conditions could support the
species. If the site cannot support the original plant species, then those species may be
replaced with species of similar form and function and tolerance to hydrologic conditions on
the site.
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5.1.3 Lora Lake Shoreline Enhancement

Mitigation at Lora Lake includes removing a concrete bulkhead, removing residential structures,
and removing wetland fill from the west and north perimeters of the lake. These disturbed areas
will be planted with wetland shrub communities. A forested buffer will be planted around the lake
(Figure 5.1-8; Appendix A, Sheet C3.2) (see Table 5.1-1).

Replacing concrete bulkheads with a vegetated shoreline and establishing forested buffers around
Lora Lake provide the opporttmity to enhance water quality and habitat in the lake. Restored
wetlands and buffers around Lora Lake will also enhance the aquatic habitat functions of the lake
and the overall function of the restored wetlands in the Vacca Farm floodplain. In particular, the
buffer restored wetlands, and bulkhead removal will increase the amount of organic detritus source
to the lake for the benefit of aquatic insects. Increased insect production will improve habitat
conditions for fish and amphibians. Additionally, the restored wetlands and vegetated shoreline will
provide improved habitat for amphibians. Removing existing residences, lawns, and structures will
eliminate sources of nutrients and pollutants to the lake and stream. Mitigation at this site also
provides an opportunity to reduce existing hazard wildlife attractants near the airport by reducing
habitat for waterfowl that graze on the existing lawn around the lake.

5.1.3.1 Goals, Objectives, and Design Criteria

The goal of the buffer enhancement project is to protect and enhance the aquatic habitats in Lora
Lake for aquatic insects, fish, and amphibians by removing shoreline bulkheads and planting native
vegetation around the shoreline. Specific design objectives are described in Table 5.1-14.

Table 5.1-14. Mitigation design objectives and criteria for the buffer enhancement projects at Lora Lake.

Goals and Design Objectives Design Criteria

Restore more natural shoreline to Lora Lake and The concrete bulkhead will be removed and shoreline
improve ecological function of the Lora Lake shoreline graded to a stable slope configuration.
to the aquatic habitat of the lake.

Remove 1-acre of wetland fill along the north and west side
of the lake to restore historic wetland conditions.

Protect and enhance mitigation actions by providing All structures within the 25-ft buffer will be demolished
protected upland buffers, and failing septic systems (if present) will be removed.

Plant upland buffer areas (1.81 acres) around Lora Lake
with native trees and shrubs.

Vegetate all disturbed areas with native plant Plant native tree species at densities of approximately 280
communities, per acre.

Plant native shrub species at densities of approximately
2,100 per acre.
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5.1.3.2 Mitigation Site Description

Lora Lake is aman-made pond excavated from a natural wetland and located in the northern portion
of the Miller Creek floodplain. Lora Lake flows into Miller Creek via a 12-inch concrete culvert on
the southeast comer of the lake or via flow at several points over the earthen bum_ that forms the
southernshoreofthelake.

LoraLakewas excavatedafter1961andpriorto1970.The residentialdevelopmentalongthenorth
andwestshoreofthelakeispartiallybuilton wetlandfillthatwas placedon farmlandsimilarto
thatoccurringon theVaccaFarm site.Cement blockbulkheadandriprapretainingwallsare
locatedaroundmostoftheshorelineon thenorthandwestsidesofLoraLake.Uplandareasare
locatedbehindtheretainingwallandconsistofsingle-familyresidences,outbuildings,landscaping,
mowed lawn,andimpervioussurfacessuchasroadsanddriveways.Existingsepticsystems,runoff
fromroads androoftops,lawnfertilizers,andpesticidesarepotentialsourcesofpollutantstoLora
Lake,MillerCreek,and associatedwetlands.Residentiallawnsalongthelakecanalsoattract
waterfowlthatgrazeontheturfgrasses.

A narrowbandofemergentwetlandextendsaroundLoraLakebetweenthecementbulkheadand
theriprapretainingwall,andalongthesouthshoreofthelake.JustsouthofLoraLake isa large
deciduousforestedwetland(WetlandAI).DetaileddescriptionsofLoraLakeandWetlandA1 are
includedintheWetland Delineation Report (Parametrix2000b).

5.1.3.3Ownership

ThePortowns alloftheparcelswithinthemitigationareasurroundingLoraLake.

5.1.3.4 Rationale for Selection

Enhancing the shoreline and buffers around Lore Lake provides the opportunity to restore wetlands,
enhance water quality in Lore Lake and Miller Creek, and to enhance the function of the restored
wetlands in the Vacca Farm floodplain. Removal of existing residences, lawns, and structureswill
eliminate sources of nutrients and other pollutants to the lake and stream. Wetland functions on the
Vacca Farm site will be enhanced by providing buffer protection around the lake and the upper
reaches of Miller Creek. Mitigation at this site also provides an opportunity to reduce existing
hazard wildlife attractants near the airport.

5.1.3.5 Constraints

There are no constraints associated with implementing this mitigation action. Grading has been
avoided in an area where a drainage pipe is present. There is a drainage easement on about 0.01
acre of property for a drainage pipe. The easement also includes maintenance of a rock weir near
the Lora Lake shoreline.
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5.1.3.6 Ecological Assessment of the Lora Lake Shoreline

Vegetation

Cement block and riprapbulkheads are located around most of the shoreline on the north and west
sides of the excavated l_e. Most of the area surrounding Lora Lake on the north and west is
impervious surface (i.e., turf grass lawn or buildings and roadways). Vegetation is predominantly
non-native turf grasses and ornamental landscaping.

A vegetated berm is located along the southern shore of the lake, with a deciduous forested wetland
located south of the berm (Wetland A1). An upland shrub area is located to the east. Dominant
species on the vegetated berm include red alder, Himalayan blackberry, and various grass species.
The forested wetland contains a prevalence of red alder, black cottonwood, willow, Himalayan
blackberry, hardhack, and common cattail. The upland shrub area consists of some Douglas fu"
(Pseudotsuga menziesiO, with red alder and dense thickets of Himalayan blackberry.

Soils

Soils in the wetland areas surrounding Lora Lake and Miller Creek are composed of organic peat
deposits from 3.5 ft to 10 ft thick, with lenses of alluvial sands and silts. Fill material associated
with buildings around Lora Lake comprises most of the soils in the upland areas. Soils in the area
immediately south of Lora Lake have been altered to contruct the dike on the south side.

5.1.3.7 Lora Lake Shoreline and Wetland Restoration Design

To enhance the aquatic functions of Lora Lake the concrete bulkhead lining the shoreline will be
removed. Existing wetlands fringing the lake will be enhanced, and about 1 acre of filled wetland
will be restored. Upland areas between Des Moines Memorial Drive, South 150thStreet and Lora
Lake will be restored with native tree and shrubs. These changes are illustrated in Figure 5.1-8.

Demolition and Grading

Residences and various outbuildings, the majority of which are located around Lora Lake, will be
demolished prior to implementing this plan. The design includes necessary BMPs to be used
throughout demolition activities to prevent sediment from entering the lake or associated wetlands.

Grading activities associated with removing the bulkhead and wetland fill will result in a nearly
level wetland area 1-acre in size and about 0.5 to 2 feet above the elevation of the lake. The upland
slope on the north and west side of the lake would be established at about 3:1. The restored wetland

area would be established near the elevation of buried natural soils. If the peat soils that were
historically mapped on the site were removed prior to fill, peat removed from other construction
projects will be used to establish wetland soil with high organic matter content.

Prior to planting the buffer areas, grading activities may include roughening the surface, removing
portions of lawn, or tilling soil that has been compacted during grading, demolition activities or
construction staging. During and following grading, standard TESC measures such as tracking soil
surfaces on slopes parallel to the contours will be implemented to prevent erosion.
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Expected Hydrolo_

The areas located below elevation 266 fl feet would be expected to meet the wetland hydrology
parameter and support restored wetlands. The groundwater table is high adjacent to the lake,shore,
and groundwater seepage emanated from the rock retaining walls on the north and west sides of the
lake. Some ground water emanates at about 265-266 i_ and is present during the late fall to early
summer period, Observations of water leaving Lora Lake throughout the summer months suggest
these seep areasare perennial. Wetland areasbelow about 265.4 fl will become inundated for brief
during 100-year flood events.

Wildlife Considerations

The landscape plan has been designed to be consistent with the WttMP and to avoid atU-acting
flocl6ng birds, raptors, and waterfowl. Dense plantings of shrubs broken by scattered trees will
discourage use by flocking birds and waterfowl. To deter raptor use of the mitigation sites,
deciduous and coniferous trees with stiff branches (such as Sitka spruce (Picea sitchensis) or
Douglas fir) will be planted in limited quantifies. These species will also break up the deciduous
tree canopy. This wiU limit roosting habitat for raptors such as red-tailed hawks. The primary
coniferous tree species used in the upland and transitional zones will be western redcedar because
its limp branches do not provide ideal raptor perching habitat.

Landscape Plan

Species to be planted in the Lora Lake buffer and wetland restoration areas are identified in Table
5.1-12.The plantingplanforthebufferisshowninFigure5.1-5andincludedintheLandscape
PlansheetsinAppendixA. TheLoraLakebufferincludesspeciessuchasblackcottonwoodand
willowsforthewetlandrestorationareas,aswellasspeciessuchasbig-leafmapleandredalderfor
theddcrareasinthebuffer.

Thc landscapeplanfortheareashowsthattheplantingofconifertreesisphased(seelandscape
designsheetsinAppendixA). Itisanticipatedthattheseconiferswouldbc plantedina second
plantingphasecoincidentwithreplacementplantingsthatmay bc requiredtomeetthcyearthree
performancestandardforplantsurvival.At thistime,theconiferspecieswouldbc planted.The
treeswillbcpositionedsuchthattheyreceivesomc shadefromadjacentplants(trees,shrubs,and
groundcover).Forthefirstgrowingseasonfollowingthisplanting,soilmoistureconditionswillbc
examinedclosely,andthcuseoftheternporaryirrigationsystemmay bc usedtoreducemortality
andpromotegrowth.

5.1.3.8Implementation

ImplementationdetailsforLoreLakcareincludedwiththedescriptionsfortheVaccaFarm projects
inSection5.1.4.

5.1.3.9 Monitoring and Performance Standards

MonitoringfortheLoraLake bufferswillfollowtheoverallapproachdescribedin Section4.
DetailedperformancestandardsandcontingencymeasuresfortheLoraLakebufferareincludedin

Table5.1-7.Post-constructionmonitoringwilloccurfor15 yearsafterinstallationof theplant
materialconsistentwiththescheduleinTable5.I-13.
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Monitoring Lora Lake will focus primarily on vegetation to evaluate establishment of native
vegetation, consistent with the approach described in Section 4. The Lora Lake site will also be
monitored for hazard wildlife, consistent with the monitoring approaches described in Section 4.

5.1.3.10 Site Protection

The Port will execute and file restrictive covenants for the mitigation area. Copies of proposed
restrictive covenants are included in Appendix G. The boundaries of the mitigation area and buffers
shall be permanently marked with stakes at least every 100 feet or with fencing. The marking shall
include signage that clearly indicates that mowing and fertilizer/pesticide applications are prohibited
within mitigation areas. The details of fencing and signage areprovided in Appendix P.

Fencing will protect the site from illegal dumping, human use, and may also serve as a security
fence for portions of the airport. Where security or wildlife management concerns allow, fencing
will allow passage of wildlife.

5.1.3.11 Maintenance and Contingency Plans

A maintenance plan will be developed for the Lora Lake buffers, as described in Section 4, to guide
routine maintenance tasks. Specific contingency measures will be implemented as necessary,
consistent with the adaptive management approach. Contingency measures for Lora Lake are listed
in Table 5.1-7.

A special monitoring need for this site is to evaluate the several drainage paths that water follows
when it exits over the berm of Lora Lake and enters Miller Creek or the Vacca Farm wetlands.

Beaver, uprooting of trees, or erosion could alter these hydrologic flow paths which could affect
water levels in the lake or the distribution of water to downstream areas. While over time the

establishment of greater amounts of tree and shrub vegetation on the berm should create increased
stability, in the short term, some changes could create new wetland management opportunities.
Evaluation of this feature will provide a basis for adaptive management if needed.

5.1.4 Implementation of the Vacca Farm Mitigation Projects

Construction associated with building the proposed third runway, including relocation of the South
154_ Street/South 156th Way roadway and sewer line, will be part of the first phase of the proposed
Master Plan Update implementation. Relocation of Miller Creek must occur prior to embankment
construction, which will fill a portion of the existing channel. The new stream channel must be
constructed and stabilized before stream flow can be diverted from the existing channel and before
the existing channel can be filled. Construction of the Vacca Farm mitigation projects is therefore
currently scheduled to begin during the first construction season (i.e., early summer) following
issuance of permits for the project. A general schedule for implementation of the Vacca Farm
projects is provided in Table 5.1-15. Detailed plan sheets for the Vacca Farm projects are included
in Appendix A; design details for the grading and restoration of the banks of Miller Creek at the
South 154mStreet/South 156thWay bridge relocation are included in Appendix B, Sheets P1 and P2.
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5.1.4.1 General Construction Sequencing

Construction of the Vacca Farm projects are currently scheduled to begin during the 2002
construction season (see Table 5.1-15), but the actual schedule is dependent on receipt of federal,
state, and local permits. Excavation and grading for the floodplain and stream channel are expected
to occur during the driest time of the year, taking approximately 15 weeks, beginning in late June
and ending by early October. Instream work associated with the channel relocation will be subject
to permit conditions associated with the I-IPA, and will likely occur between July 15 and September
15.

Construction of the mitigation site will be coordinated with the embankment construction, the South
154thStreet relocation (including South 156thWay bridge relocation), and relocation of the sewer
line to ensure that these projects do not impact the mitigation site. In particular, prior to
commencing with plant installation, contractors will be required to complete all other work on the
site to ensure that plants are not damaged once they are installed.

Construction of Vacea Farm projects will likely take place in several phases. Phase 1 will include
most of the earthwork for the Miller Creek channel relocation and floodplain. During Phase 1, the
Vacca Farm floodplain will be graded and the irrigation system installed, the new channel will be
excavated, and the channel banks stabilized with bioengineering and planted with live stakes. After
the new channel grading is complete, tie-ins will be constructed at either end of the new channel
where it connects with the existing channel (Appendix A, Sheets CI.1 and C5). Connecting the
new channel to the existing channel will require installing water control devices to divert water to
the new channel, and implementing measures to protect fish in the existing eharmel during
construction. Connecting the existing stream channel to the new channel, and the diverting water
into the new channel, and stabi|i_ing will occur during the first construction season. Grading the

Miller Creek floodplain adjacent to the new channel will occur concurrently with channel
excavation. Removal of Lora Lake bulkheads and grading of the Lora Lake shoreline may also be
included in Phase 1 (Appendix A, Sheet C2), although this work is not dependent on the Miller
Creek relocation.

Following completion of Phase 1 earthwork, all open areas on the site (i.e., the channel, floodplain
areas, and Lora Lake buffers) will be hydroseeded to provide weed barrier and erosion control prior
to winter rains and plant installation. Hydroseed should be applied by mid-September to ensure that
the site is adequately stabilized before the rainy season.

During Phase 2, the old channel will be filled for construction of the runway embankment, and
planting floodplain wetlands and buffers during the first fall and/or winter following completion of
grading. Completion of buffer planting east of Miller Creek will be coordinated with roadway
relocation and will likely not be completed until roadway construction is complete. Phase 2
planting includes enhancement planting of the existing wetlands, planting the newly graded areas of
the floodplain and riparian zone of Miller Creek, and planting new and enhanced buffer areas along
Lora Lake and the east and west sides of the mitigation site (Landscape Plan sheets in Appendix A,
Sheets L1 and L2). Plant installation in these areas may require more than one construction season
to complete.
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Phase 1: Site Preparation_ Grading, and Channel Relocation

Earthwork for this phase includes site preparation, installation of sediment and erosion control
measures, dewatering if necessary, grading, installation of irrigation, and site stabilization following
grading.

Site Preparation and Erosion Control

No work will begin until the TESC plan is implemented (Appendix A, Sheets TEl and TE2), nor
until any protected or restricted access areas (e.g., wetlands or streams) have been flagged and/or
fenced. The TESC plan includes installation of silt fences around the existing wetlands to be
enhanced southeast of Lora Lake, and the Lora Lake shoreline, to prevent sediment from the
construction site entering these waters (Appendix A, Sheet TEl). A temporary berm will be
constructed and a silt fence installed to protect adjacent properties to the south of the mitigation site

and prevent water from the construction site from entering the drainage ditch that runs through the
center of Wetland AI.

Water from the construction site will likely be directed to the temporary sediment settling pond at

the lowest (i.e., southern) end of the proposed floodplain (Appendix A, Sheet TEl). Water from
this pond will be allowed to settle until particulates and sediment have settled out. Water from the
site can then be discharged via the outlet, quan'y spalls, and straw bale filters to Miller Creek
(Appendix A, Sheet TE2). Alternatively, construction stormwater runoff may be diverted or
pumped to TESC Pond C. Water in the sediment ponds and discharge will be monitored to ensure
that turbid water is not discharged to the stream.

Additional TESC measures include placing silt fence around work areas and staging areas, and

placing straw bales at key locations within the project limits. Clearing and brush removal will be
limited to only those work areas that the contractor is scheduled to begin within the following 2
weeks.

Prior to the start of grading, construction access, staging, and stockpile areas will be set up, and
dewatering may be necessary. Temporary access mutes and staging areas identified on the western
side of the site will be set up and flagged (Appendix A, Sheets C2, TEl). The site will be cleared of
debris (e.g., existing tile drains, storm drains and piping, trash, structures).

Construction sequencing of the mitigation site and the roadway/embankment will be carefully
coordinated to prevent impacts to the completed mitigation site from roadway construction.
Measures to protect the mitigation site from adjacent construction may include orange barrier
fencing, sediment and erosion control fencing, and possibly temporary installation of ecology
blocks or rock gabions to prevent the inmasion of construction machinery into the mitigation site.

Dewatering

Due to the high groundwater table throughout the Vacca Farmsite, excavation of the floodplain and
new channel will likely require dewatering. The dewatering pumps, temporary storage ponds, and
sediment and erosion control measures will be installed prior to the start of new channel excavation
or floodplain grading. The dewatering system may include excavating dewatering trenches and
installing French drains or sumps. The exact location ofdewatering trenches and temporary storage
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ponds will be determined by the contractor. The location of these dowat_ing features may change
as theexcavationand finalgradingof thefloodplainproceeds;however,alldewateringwells,
temporary storage ponds, and/or trenches will be within the area to be excavated for the floodplain
grading (Appendix A, Sheets C2, TE2). In addition, all water from dewatering areas will be
directed to sediment settling ponds and any sediment will be allowed to settle prior to being
discharged via a quarryspall ouffall and straw bale filters to Miller Creek (see Appendix A, Sheet
TE2). All dewatering features will either be removed as a consequence of the ongoing excavation
(e.g., trenches, drains) or removed and the area graded once they are no longer needed (e.g.,
temporary storage ponds).

New Channel Excavation and Floodplain Grading

New channel construction includes excavation of the new channel, stabilization of channel banks,

installation of stream gravels and woody debris, implementation of fish protection measures,
construction of the fie-ins to the existing channel, diversion of water to the new channel, and filling
in the old channel. Construction in the existing channel will likely take place between July 15 and
September 15, consistent with conditions in the HPA.

The new channel will be excavated and water diverted from the existing channel within the same
construction season. The new channel banks will be adequately stabilized to carry dry and wet
season flows using bioengineering (e.g., coir rifts with live stakes, erosion control fabric) (Appendix
A, Sheets C5 and L2). Channel banks will be planted densely with willow stakes to provide
additional stabilization and channel roughness. The dry and wet season base flows in this portion of
Miller Creek are typically low (< 5 cfs) and the new channel slope is very gradual. Therefore, even
during storm events, flows in Miller Creek through this reach will not have large amounts of energy.
Furthermore, the channel has been designed with a low-flow channel inside a wider channel
meander zone, which can accommodate up to annual peak flows (Appendix A, Sheet C5). Flows
greater than annual peak flows will flood onto the floodplain, rapidly attenuating the energy and
erosive force of high flows.

The sequence of steps required to divert existing flows to the new channel will be consistent with
I-IPA permit conditions and will be conducted to reduce stress and impacts on aquatic organisms.
Prior to constructing tie-ins and diverting Miller Creek to the new channel, the section of the
existing channel to be diverted will be closed off, and fish within the existing channel will be
captured and relocated to a point downstream of South 160thS(reet where suitable habitat exists.
Fish capture and relocation will be done under the supervision of a qualified fish biologist with a
collection permit fi'om the WDFW.

Immediately following fish capture, the tie-ms will be constructed, and flow from the existing
channel will be int_iwittently introduced to the new channel section to allow the streambed gravels
to sort and stabilize. Flows will be intermittently introduced to the new channel with a gate valve or
other control structure to allow flows to be metered. During this time a collection sump located at
the downstream end of the new channel will collect water. Turbid water will be conveyed to a
sediment pond until the new channel flows clear. After diversion of stream flow has been
successfully completed, the existing channel will be filled during embankment construction.
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Excavation of the floodplain grades at Vacca Farm may occur concurrently with the new channel
excavation. Floodplain grading will begin as soon as the contractor can control the groundwater
sufficiently for excavation. Grading will occur on all areasof the mitigation site with the exception
of the existing wetland to the east of Lora Lake (i.e., between Lora Lake and Miller Creek) and the
area of upland buffer along the western portion of the site (Appendix A, Sheets CI.1 and L1).
Existing drainage ditches on the site will be filled and removed during grading to restore site
hydrology. A swale will be constructed through the floodplain to allow it to dram gradually to the
south and prevent standing water (Appendix A, Sheet C2). Cross sections in the plan sheets show
the proposed site elevations following grading (Appendix A, Sheets C1.2 and C4). In addition to
floodplain grading, existing bulkheads along the north and west shoreline of Lora Lake will be
removed and a more gradual slope will be restoredto the lake shoreline. Removal of the bulkheads

prior to planting buffer vegetation will enhance the function of the buffer to be planted along Lora
Lake.

Installation of Temporary Irrigation and Site Stabilization

Once the new wetland, buffer, and floodplain grades have been established and verified by field
survey, the temporary irrigation system will be installed (Appendix A, Sheets L1 through L3). This
system will be used to provide flexibility in the planting schedule, provide contingencies against
periods of dry weather during the first few growing seasons, and to maximize plant survival and
growth during the first years following planting. Allowing for maximum plant growth during the
first years of restoration will expedite establishment of cover and shade on the site, production of
biomass, vertical habitat structure, and organic litter. This will help reduce temporal impacts.

Irrigation is a standard feature of wetland mitigation construction in the Puget Sound Lowlands due
to the region's pronounced summer drought. Irrigation will be designed for the entire area to be
graded at Vacca Farm; however, it may not be necessary in some areas. If, following grading, the
wetland scientist determines that irrigation is not needed in some areas, it will not be installed.

Municipal water will be used for irrigation. It is anticipated that the irrigation system would be used
for the months of June through September, but actual timing will be dependent on weather and soil
moisture conditions. Application rates will be sufficient to reduce plant mortality and promote
growth during dry periods. In upland buffers that contain well-drained soils, earlier and more
frequent use may be required. The irrigation system will be decommissioned and all aboveground
parts removed at the direction of the wetland scientist once plant survival standards have been met.

The site will be stabilized following completion of grading and prior to the onset of winter rains. A
hydroseed mix designed to provide temporary erosion control and a weed barrier will be applied to
the graded floodplain areas by mid-September.

Phase 2: Establish Native Vegetation in the Miller Creek Channel, Floodplain, and Buffer

The channel areawill be planted as soon as channel excavation is complete. In areas with irrigation,
planting will not be limited to fall or winter planting seasons; in areas lacking irrigation, planting
will occur only during the fall and/or winter months. The stream buffer and adjacent floodplain can
be planted aider site grading and irrigation installation is complete and hydroseed has become
established.
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It is anticipated that floodplain and buffers, stream riparian zone and buffers, and Lora Lake buffer
planting will begin the first fall (i.e., October or November) following grading and irrigation
installation. Planting the entire site will likely require more than 1 year to complete. Immediately
following plant installation, the area between plants will be mulched or covered with a weed control
fabric to reduce establishment of weeds. Stem collars or other herbivore deterrents may be installed

on plants to reduce damage from rodents and other herbivores.

Soils on the Vacca Farm site are a mix of inter-bedded peat, sand, silt, and gravel. Following

excavation and grading, the material exposed at the surface will likely vary from predominantly peat
to a mix of sands, gravels, and silts. To ensure a medium suitable for plant establishment, 12 to 14
inches of prepared topsoil will be spread over the surface following grading. Where feasible, the
prepared topsoil will be comprised of native materials from the site, mixed to obtain a topsoil with a
3:1 mineral to organic material mix. Where not feasible, prepared topsoil will be a 3:1 mix of clean
sand with organic compost that is free of weed seed or other unsuitable material.

Plant material used in the mitigation will be obtained from commercial nurseries. Nurseries will be
required to certify that the plant material is legally procured and from the appropriate geographic
sources. Plant material used formitigation will be grown in the area that is bounded on the north by
the Fraser River Valley of British Columbia, on the east by the 1,000-fl elevation of the Cascades,
on the west by the 1,000-foot elevation in the Olympic or Coast ranges, and on the south by the
Willamette Valley.

5.1.4.2 Construction Steps

The following sections outline the construction and post-construction steps necessary to implement
the Mitigation Plan for the Vacea Farm site.

General Conditions

• On award of the contract, the contractor will provide the Port with any required pre-
construction submittals, work plans, and schedules.

• A pre-construction meeting will be held with the contractor, architect/engineer, and wetland
scientist to review submittals, work plans, schedules, and permit conditions.

• The contractor will be responsible for ensuring that the work is performed in compliance
with all permit conditions and shall maimain a copy of permits on-site.

• Work will be coordinated to avoid re-entry and damage to areas that have previously been
planted; work will be conducted so that no other work will impact completed landscape
work.

• Areas where any landscape work has been completed will be off limits to all vehicular
traffic, and pedestrian traffic will be strictly limited.

• All site work will be performed in accordance with permit conditions; any instream work or
work below Ordinary High Water (OHW) will take place only during the allowable work
times, consistent with HPA permit conditions (i.e., July 15 to September 15).
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• Plant procurement shall be coordinated with the grading and irrigation installation schedules
and be completed 6 to 12 months prior to the scheduled planting season to ensure that plants
are available in the quantifies and species required by the planting plan.

Site Preparation

• Establish vertical and horizontal site controls and maintain through construction to record
drawings.

• Identify and flag limits of work for mitigation site.

• Identify staging areas and temporaryaccess/haul roads.

• Implement TESC plan; install TESC measures for all projects, including the Miller Creek
channel relocation, floodplain grading, Lora Lake buffer planting, and Miller Creek buffer
enhancement areas.

• Identify and flag sewer manholes and sower easement.

• Install fencing (orange barrier) around areas to be protected (e.g., existing wetlands, outlet
ditches, sewer manholes).

• Maintain security of the site through construction.

• Establish temporary access/haul roads.

• Establish staging and stockpile areas.

• Implement a spill control plan and identify fueling areas.

• Install site dewatering equipment and structures (e.g., pumping wells, manifold piping,
temporary storage ponds, discharge structure).

Clearing, Excavation, and Grading

• Clear and grub the site.

• Implement dewatering for new channel construction, if necessary.

• Fill in or remove drainage ditches.

• Excavate new channel subgrades (except at tie-in areas).

• Confirm new channel subgrades with field survey.

• Install log weirs and quarry spalls.

• Place streambed material and grade low-flow channel.

• Confirm new channel finish grades.

• Construct new channel banks; install coir fabric-wrapped streambank material.

• Install coir logs and coir mattresses.

• Install instream habitat features in new channel.

• Install channel plantings and bioengineering.
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* Install shade cloth.

. Remove weeds (e.g., grub out blackberry and reed canarygrass; apply herbicide if
appropriate per specifications) and clear brush in wetland buffer enhancement areas.

o Mass and fine grade floodplain.

• Install microtopography/LWD on floodplain.

Construct New Channel Tie-Ins to Existing Channel

• Implement fish=protection and erosion control measures for tie-in construction.

• Install sheeting and base flow stream diversion sumps at fie-in areas.

• Excavate new channel grades at tie-in areas.

• Install transition area log weirs and quarry spalls at tie-in areas.

• Place streambed (spawning) gravel and grade low-flow channel at tie-in areas.

• Confirm new channel finish grades.

• Construct new channel banks.

• Install coir logs and coir mattresses at tie-in areas.

• Install bioengineering.

• Divert water into new channel.

• Place fill in existing channel at tie-in areas.

• Prepare grading record drawings for new channel and floodplain; modify planting plans as
needed to match as-built grades and site conditions

Irrigation and Landscaping

• Install and test irrigation system in floodplain.

• Apply hydroseed to graded portion of the floodplain.

• Winterize irrigation system.

• Begin planting in fall/winter following grading.

• Plant riparian/buffer zone of new channel.

• Plant Miller Creek floodplain and other wetland enhancement areas.

• Plant upland buffer adjacent to floodplain and Lora Lake buffers.

Closeout

• Complete site cleanup by removing temporary haul/access roads, TESC berm, and staging
areas.

• Remove construction equipment and debris.
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• Hydroseed and/or install plants in temporary staging areas or access roads within the

mitigation site boundaries.

• Hydroseed erosion control mix in temporary staging areas/access roads outside the
mitigation boundaries.

Record Drawin2s, Monitoring, and Maintenance

• Produce record drawings (including grading, instream habitat, and planting) for all project
areas (e.g., Lora Lake buffers and shoreline, Miller Creek floodplain, relocated channel, and
Miller Creek buffer between new channel and South 154thStreet/South 156th Way bridge).

• Complete a baseline report, including record drawings and final monitoring plan (e.g.,

locations of monitoring plots, baseline conditions).

• Begin compliance monitoring during the first growing season after all grading and planting
are complete; submit annual monitoring reports for 15-year monitoring period.

• Conduct maintenance (e.g., weed management, WHMP) and implement any necessary
contingency measures to meet performance standards.
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5.2 MILLER CREEK RIPARIAN AND INSTREAM ENHANCEMENT PROJECTS

Mitigation along Miller Creek from the Vacca Farm site to Des Moines Memorial Drive is designed
to establish a large, contiguous habitat corridor extending approximately 6,500 It along the stream,
connecting habitats that arecurrently fragmented by urban land uses. Within this corridor, instream,
wetland, and non-wetland riparian habitats will be restored and enhanced. Removing channel
armoring, restoring more natural channel morphology, and installing habitat features at selected
areas will restore instream habitat in Miller Creek. Removing structures, impervious surfaces, and

non-native vegetation and planting with native wetland vegetation will be enhanced many of the
riparian wetlands along Miller Creek. Non-wetland riparian buffers along Miller Creek will be
enhanced to stabilize soil; retain sediments and nutrients; and provide shade, organic matter, and

woody debris to the stream.

Mitigation measures along Miller Creek will also be implemented to compensate for filling existing
drainage channels, maintain the hydrology of wetlands between Miller Creek and the new runway
embankment, and mitigate temporary construction impacts to wetlands. These mitigation actions

are designed to prevent indirect hydrologic impacts to wetlands downslope of the embankment.
Replacement drainage channels will be constructed to maintain inputs from surface water runoff
and groundwater seepage to wetlands downslope of the new embankment, and wetlands temporarily
impacted by construction will be restored to pre-construction conditions.

To compensate for unavoidable project impacts to wetlands and streams, the Miller Creek buffer
and instream enhancement projects include the following specific mitigation actions:

• Restoring and enhancing functions in approximately 7.4 acres of riparian wetlands along
both sides ofa 6,500-ft reach of Miller Creek, between the Vacca Farm site and Des Moines
Memorial Drive (Section 5.2.1)

• Restoring and enhancing a native, forested riparian buffer corridor along the east and west
sides of this 6,500-ft section of Miller Creek to protect and improve aquatic habitat in the

stream, associated drainage channels, and riparian wetlands (Section 5.2.1)

• Establishing a large, contiguous, protected riparian habitat corridor connecting the upper and
lower reaches of Miller Creek (Section 5.2.1)

• Restoring fish and aquatic habitat to degraded, highly modified reaches of Miller Creek by
adding LWD and boulders, reconstructing natural stream channels, removing man-made
obstructions, and reshaping or stabilizing streambanks (Section 5.2.2)

• Replacing approximately 1,290 linear ft of drainage channels near 12th Avenue South to
compensate for existing drainage channels that will be filled by the third runway
embankment (Section 5.2.3)

• Restoring wetland and upland plant communities to Wetland A17 to mitigate for the
temporary impacts of construction (temporary impacts will also be restored as described in
Section 5.2.4, and this mitigation thus reduces duration of these impacts).

• Improve channel conditions in Water D (1,830 linear feet) through riparian plantings and
wood placement.
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• Encouraging and promoting additional local stream restoration efforts in the basin; the Port
will create a $150,000 mm fund to be used for stream restoration projects in the Miller
Creek basin (Section 5.2.5)

5.2.1 Miller Creek Riparian Corridor Wetland and Buffer Enhancement Plan

Physical and biological functions will be enhanced along approximately 6,500 ft of Miller Creek.
Protection and enhancement of the riparian area will enhance the physical functions forested buffers
provide, including reducing stream water temperatures, reducing erosion and suspended sediment
releases to streams, influencing channel morphology by contributing LWD to the channel, and
stabilizing the banks. Riparian restoration will also enhance biological functions of stream buffers,
such as increasing nutrient cycling and retention, increasing organic carbon export to the stream,
and providing habitat and food resources to aquatic organisms.

As a consequence of past development in the Miller Creek watershed, buffers have been removed or
degraded along much of the stream. Native forested vegetation has been replaced by impervious
surfaces, ornamental turf grasses, or landscaping. These alterations reduce the ability of the existing
buffer to support the biological and physical functions necessary to maintain quality habitat in
adjacent streams.

To restore functions to aquatic resources, riparian wetlands, and buffer along Miller Creek, a buffer
area that averages a minimum of 100 fl wide on both banks of the stream (approximately 40 acres)
will be enhanced (Figure 5.2-1; Appendix B). Approximately 10.25 acres of riparian wetland
habitat and approximately 40.86 acres of buffer will be enhanced. Buffer and wetland enhancement
activities along Miller Creek include removal of all residential structures and associated impervious
surfaces, underground oil storage tanks, and septic systems. Non-native, invasive species will be
removed from wetlands and riparian areas where they would prevent the establishment of native
vegetation, and where removal will not destabilize stream banks or result in increased
sedimentation.

These specific areas are shown as shaded zones on the landscape sheets in Appendix B. The
wetlands and riparian buffer will be enhanced by planting areas of existing lawn, predominantly
non-native vegetation, or disturbed areas (i.e., from which structures or impervious surfaces have
been removed) with native, predominantly forested vegetation (Figure 5.2-2 and on the Landscape
Plan sheets in Appendix B). Wetland or riparian buffer areas, which currently are predominantly
forest or shrub vegetation, will be enhanced with in-fill planting of native trees or shrubs.

Design of the Miller Creek wetland and riparian buffer enhancements has been coordinated with the
design and location of stormwater detention ponds, the South 156th Way bridge replacement,
location of airport security roads and utility easements, and replacement drainage channels (see
Section 5.2.3). Appropriate BMPs will be implemented and construction activities sequenced to
ensure there are no impacts to buffer enhancement projects from other mitigation or Master Plan
Update improvements construction activities (see Implementation, Section 5.2.2.10 for details).
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5.2.1.1 Goals, Objectives,and Design Criteria

The primary goals of the buffer enhancement plan are to enhance functions in riparian wetlands and
in aquatic habitat within and downstream of the Miller Creek riparian corridor by restoring a
forested buffer along the entire length of Miller Creek in the acquisition area (Table 52-1).

Table $0.-I. Mitigation goals, design object_es, and design criteria for the Miller Creek wetland and buffer
enhancement project.

Goals and Design Objectives Design Cr/ter/a

Goal: Enhance aquafie habitat in the Miller Creek by establishing a forested buffer

Restore approximately 40.86 acres of Demolish existing structures; remove maintained lawn, landscaping, and
riparianbuffer along Miller Creek. portions of non-native vegetation located within 100 ft of Miller Creek (or

its adjacent wetlands), and buffer averaging areas.

Remove potential water quality impacts such as failed septic systems and
untreated stormwater runoff from the buffer area.

F.nhance wetland and riparian areas. Riparian buffer areas that are cleared or disturbed dmmg demolition will
be planted with native forested and shrub vegetation.

Plant native tree species at densities of greater than 280 per acre.

Plant native shrub species at densities of greater th_n 2,100 per acre.

Planting native forest vegetation will enhance lawn and other areas
dominated by non-native species.

Increase shade, detritus input, and Densely plant the portion of the buffer adjacent to the sueam with native
organic matter retention in the trees and shrubs where applicable to provide overhanging vegetation and
aquaticenvironment, provide future sources of LWD to the stream.

Reduce erosion and sedimentation to Remove existing sU,uctures, such as tiptop walls and bridges, to reduce
Miller Creek. channel scouring.

Increase sediment retention in the buffer by planting trees and shrubs.

Provide long-term protection to the Establish restrictive covenants to permanently protect buffer.
Miller Creek Buffer.

Install fencing and signs to designate area as protected mitigation site.

5.2.1.2 Mitigation Site Description

The section of Miller Creek includes the riparian enhancement projects is located along both sides
of the stream between the southern portion of the Vacca Farm site and where the stream flows under
Des Momes Memorial Drive (Appendix B, Sheet C2).

The Miller Creek buffer was established by adding a 100-fi buffer from the Ordinary High Water
Mark (OHWM) of Miller Creek or from the edge of riparian wetlands (riparian wetlands are those
that are directly associated with Miller Creek). Approximately 4.8 acres of permanent detention
ponds, relocated South 154th Street/South 156th Way, and the third nmway embankment will
encroach into this buffer. Additionally, an existing 20-f_ wide sanitary sewer pipe easement (1.7
acres) was calculated as an encroachment. Buffer averaging was applied at three locations along the
stream to compensate for these encroachments. The upland buffers and buffer averaging areas total
approximately 40.86 acres (Appendix J).
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The riparianbuffer vegetation consists primarilyof turf grass lawns, areasof ornamental non-native
landscaping, or non-native invasive plant species such as Himalayan blackberry, English ivy
(Hedera helix), and Japanese knotweed (see Figure 5.2-2). Existing land uses in the buffer area
include residential structures (such as houses and outbuildings), roads, small stock farms, and horse
pastures. In small patches along the channel and in several wetland areas adjacent to the stream,
native tree and shrub species occur such as red alder, black cottonwood, Pacific and Sitka willow,
hardl_k, lady fern (Athyriumfelix-femina), horsetail, and various native and non-native grasses.

Twenty-five wetlands are present within the Miller Creek buffer and buffer averaging areas (see
Table 3.1-4). These wetlands are 18, 37, A1, Ag, A10, All, A13, A16, A17, R1, R2, R3, R4, R5,
R6, R7, RS, R9, R10, Rll, R12, R13, R14, R15a, and R17. A complete description of these
wetlands is provided in the Wetland Delineation Report (Parametrix 2000b).

5.2.1.3 Ownership

All parcels within the riparian wetland and buffer enhancement area shown inFigure 5.2-1 are
ownedby the Port.

5.2.1.4 Rationale for Selection

Restoring the riparian habitat along this reach of Miller Creek provides on-site and in-kind
mitigation opportunities to replace wetland and stream functions impacted by the project. Despite
past degradation, the downstream reaches of Miller Creek contain habitat for salmonids.
Acquisition, permanent protection, and restoration of a significant portion of Miller Creek have the

potential to significantly enhance wetland and aqhatic habitats in the Miller Creek basin, including
downstream segments not within the project area. Removing residential land uses and associated
non-point source pollution and physical impacts, such as clearing and dumping, will enhance the
wetland and riparian plant communities, as well as water quality and aquatic habitat within the
stream.

The planned restoration and enhancement of the Miller Creek riparian corridor provide an
exceptional opportunity to remove anthropogenic impacts, and to establish a large, contiguous
riparian habitat corridor within a highly urbanized watershed. Few such opportunities exist to
perform habitat restoration at this scale on significant salmonid-bearing streams in urban
environments.

5.2.1.5 Constraints

There are no constraints to implementing the mitigation as proposed. Specific mitigation actions
have been limited in portions of the mitigation area affected by steep slopes or existing native
vegetation. For example, in areas that cannot be accessed without causing increased erosion, or
disturbance to desirable vegetation, enhancement actions are not planned.
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A concern identified for this mitigation area has been the presence of an existing sewer line
easement owned by the Southwest Suburban Sewer District. Occasional maintenance of this line
would be required within the 20-foot easement, and this maintenance "5 could prevent mature
vegetation fi'om developing within the easement (see Landscape Plan Sheets in Appendix B). For
these reasons, this area of the easement is removed from the mitigation buffer, and an equivalent
area that can be fully protected from future disturbance has been added to the mitigation area. The
presence of the sewer line will not reduce or alter the ecological functions derived fi'om the
mitigation. Its presence has, in fact, increased the area of land set aside for protection.

A water main and easement are present in the mitigation site near Wetland A17.

5.2.1.6 Ecological Assessment of the Mitigation Site

Ecological conditions relevant to the mitigation design and implementation are discussed in this
section.

Hydrology

The majority of the proposed buffer zone contains uplands and areas of riparian and non-riparian
wetlands. Seasonal soil saturation can occur in some of the upland areas near the stream.
Inundation of some riparian wetlands occurs during the high-flow periods that may occur in late
fall, winter, and spring. Soils in most of the riparian wetlands remain moist during the summer
months, and portions of some wetlands (e.g., Wetlands 18 and 37) remain perennially saturated.
Non-riparian wetlands in the buffer area are typically saturated during the late fall through early
summer period.

Evaluations of project impacts to wetlands (Parametrix 2001b) demonstrate that, with the proposed
mitigation, groundwater will continue to be available to support wetlands protected by the Miller
Creek buffer. Mitigation to further protect and monitor these wetlands is discussed in Section 5.2.3.

Soils

The project area has not been mapped by the Soil Survey of King County Area Washington (Snyder
et al. 1973). However, various soil test pits were dug during field investigations for wetland
delineations within the Miller Creek area. Alluvial soils with high organic matter were found in the
small riparian wetlands. Soils throughout the remainder of the Miller Creek riparian corridor, south
of the Vacca Farm site, are disturbed due to residential development, but appear to be typical
Alderwood soils (Snyder et al. 1973). Alderwood series are primarily made up of moderately well

25Sewerlinesgenerallyhavea designlifeinexcessof 50years,andrarelyrequiremaintenanceor fail. Therefore,the
potentialfordisturbanceofthe easementarea is smallandinfrequent.Furthermore,if leaksweretodevelopin theline,
therearemethodstorepairandrehabilitatesewerlinesin-sirewithnodisruptionofsurfacesoils.Thesemethodszmploy
installationofnewpipesleevesorpipelinerswithintheexistingpipe.Installationisdonethroughexistingmanholes
withoutsoilexcavation.Thesearethepreferredmethodsforrehabilitatingsewerlines,andarcroutinelyusedbylarge
and ._nallsewerutilities.Theeasementwidthof 20 fl providessufficientconstructionareafor maintenance,repair,or
rehabilitationneeds.
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drained soils forming on glacial till. In some areas, soils were predominantly a sandy loam, with a
soil profile that corresponds to Indianola soils (Snyder et al. 1973).

Vegetation

South of the Vacca Farm site, between South 156th Way and South 160th Street, the riparian

vegetation is a complex mix of types. Areas of residential landscaping, such as lawns and
ornamental plantings, and areas of non-native invasive vegetation, are intermixed with areas of
native upland and wetland vegetation. Non-native dominant plants include such invasive species as
Himalayan blackberry, Japanese knotweed, and English ivy.

Riparian vegetation south of South 160_ Street is mor¢ often dominated by native plant species than
the area between Vacca Farm and South 160_ Street. Common species identified in the canopy

layer include red alder, western redcedar, English holly (flex aquifolium), and some Douglas fir.
Dominant species in the shrub layer consist of Himalayan blackberry, salmonberry (Rubus
spectabilis), willow, and Indian plum (Oemleria cerasiformis), with horsetail species, lady fern,
swordfem (Polystichum munitum), and various upland and wetland grasses in the herbaceous layer.

To assess the extent of non-native vegetation located within 100 fl of the stream, a vegetation
survey was conducted along each parcel that borders Miller Creek. Detailed descriptions of the
vegetation in each parcel within the riparian buffer are provided in Appendix B, Sheets L1 through
L6.

5.2.1.7 Miller Creek Wetland and Riparian Buffer Enhancement Mitigation Design

Conditions along Miller Creek vary widely in terms of existing vegetation, presence of structures,

and percent cover of non-native invasive species. Due to this variation, a single mitigation design is
not appropriate for the entire buffer area. Given the range of existing conditions, four different
buffer-enhancement actions will be implemented, depending on site-specific conditions (Table 5.2-2
and on the Landscape Plan sheets in Appendix B, Sheets L1 through L5). Specific performance
standards for the buffer enhancement area are provided in Table 5.2-3. Depending on existing
conditions in a given part of the buffer, mitigation actions in may include one of the following:

• Removing structures and/or existing non-native invasive vegetation, and re-planting with
native vegetation (i.e., clearing and re-planting)

• Controlling and managing patches of non-native mvasive vegetation, and re-planting with
native vegetation (i.e., invasive management and re-planting

• Retaining the existing native vegetation matrix but in.fill planting to increase species
diversity and habitat structure (i.e., infill planting)

• Retaining and protecting existing native vegetation with the designated buffer (i.e.,
protection)
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Table 50.-2. Enh=ncement planting approach along the Miller Creek buffer.

Enhancement Activity Explanation and Comments

Remove _ and/or non- This enhancement approach includes plan_ disturbed areas after stmclmes have
native invasive vegetation and been removed from the site. Activities may include grading within the existing
re-planting, buffer to remove houses, driveways, and other structures. If necessary, soil will be

scarified and/or amended with organic material.

Non-native invasive species such as Himalayan and evergreen blackberry),
Japanese knotweed, bamboo (Bambusa sp.) and English holly (//ex aquifolium)
will be removed fi'om certain poruons of the buffer;, these areas are shaded on the
Landscape Plan sheets in Appendix B. Removal of non-native invasive plants will
depend upon vehicular access, the potenl_ risk of sedimentation in wetlands or
Miller Creek from vegetation removal, and whether or not invasive sta_cies can be
controlled adequately without lemoval. Areas of non-native invasive species will
be wholly removed only where there is appropriate access and if existing desirable
vegetation will not be adversely affected.

Re-vegetation will consist of planting native trees and shrubs in areas, such as
lawns associated with residences, that do not currently have an overstory of
vegetation. Understory planting will occur m forest areas that lack understory
shrubs. Native trees and shrubs to be used m these enhancements are listed in
Table 5.1-12.

Invasive vegetation control Non-native invasive species such as Himalayan and evergreen blackberry,
and/or management, and re- Japanese knotweed, bamboo, and English holly will be controlled and managed in
planting with native vegetation, certain portions of the buffer where removal is not necessary or poss_le. For

example, invasive species within the buffer may be left in place if _emoval could
cause erosion or sedimentation to the stream or adjacent wetlands.

In some areas, patches of invasive species may .be treated with herbicide and/or
physically removed. These patches may range in size fi'om approximately 200 to
600 _. Coniferous tree species will be planted in the open area to promote
reforestation that would eventually shade out invasive species. These plantings
will also provide diversity, seed stocL and recruitment of LWD into the riparian
buffer.

Native trees and shrubs will be planted to increase (1) the amount of shade over
Miller Creel (2) LWD recruitment, and (3) coloniza_on of native trees.

Infill planting m existing Native trees and shrubs will be planted to increase (1) the amount of shade over
native/non-native vegetation. Miller Creel (2) LWD recraianent, and (3) colonization of native trees.

No enhancement actionneeded. These areas either (1) contain well-vegetated buffer that does not require
enhancement activities, or (2) are inaccessible or cannot be enhanced without
causing harm to desirable vegetation.
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Removal of Structures and Impervious Surfaces

All structures, underground storage tanks and septic systems, roads, and driveways within the
proposed buffer along the Miller Creek riparian corridor will be demolished and removed. If
abandoned underground pipes or other structures do not pose risks to water quality, they may be left
plugged and in place.

Demolition will be designed to minimize disturbance to existing native vegetationand soils. The
contractorresponsiblefordemolitionofstructure,swithinthestreambufferareaswillfollowBMPs
to preventerosionand sedimentationto thestream.The Porthas alreadydemolishedmany
residentialstructureswithinthestreambufferusingsedimentanderosioncontrolBMPs toprevent
erosion and sedimentation to the stream or wetlands. Standard practice prior to any demolition

activity is to install an orange barrier fence and a sediment fence between the demolition site and
any wetland or water feature. These standard BMPs will continue to be used throughout the
demolition activities associated with the Miller Creek buffer enhancement plan. Materials removed

from the buffer area during demolition will be disposed of off-site at an approved upland disposal
facility.

Grading and/or Clearing

Grading activities will include removing existing structures, fill material, and driveways in the
designated buffer areas. Additional minor grading will remove landscape features such as retaining
walls. Clearing of large patches of non-native invasive species from accessible areas along the
stream is proposed. On parcels where large areas of blackberry or other invasive species will be
removed (such as Parcels 255, 256, and 260), the top 6 to 12 inches of topsoil may be tilled and
removed if necessary to remove the root stocks ofinvasive species.

Expected Hydrology

The hydrologic regime within the buffer area along Miller Creek varies widely because of
topography, soil conditions, and proximity to the stream or associated wetlands. Surface grades will
be changed as little as possible to retain existing drainage and flow patterns. Therefore, no changes
to the existing hydrologic regime are anticipated to occur from implementing this mitigation plan.

Hazard Wildlife Considerations

A landscape planting approach has been developed consistent with the WHMP to aid in deterring
flocking birds, raptors, and waterfowl from using the buffer areas along Miller Creek as habitat.
Mitigation actions in the buffer, such as replacing the existing open areas (i.e., lawns) along the
stream with forested and shrub vegetation, will reduce hazard wildlife attractants by covering and
screening open water.

To deter raptor use of the mitigation sites, deciduous and coniferous trees with stiff branches (such
as Sitka spruce or Douglas fir) will be planted in limited quantities to limit roosting habitat for
raptors such as red-tailed hawks. The primary coniferous tree species used in the upland and
transitional zones will be western redcedar because its limp branches do not provide ideal raptor
perching habitat.
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Landscape Plan

Specific planting plans for each area within the buffer have been designed using the buffer area
inventory and the four enhancement alternatives (see Table 5.2-2). Plant communities and specific
planting zones are shown in detail on Landscape Plan sheets in Appendix B.

A list of plant species similar to that identified for the Miller Creek floodplain and wetland
restoration (see Table 5.1-12) will be used in the Miller Creek riparian corridor buffer enhancement
plan. Sun-tolerant species such as Douglas fir and red alder will be planted in open sunny areas,
while species that prefer shade, such as vine maple, will be planted in shady areas under existing
vegetation. A typical planting plan (Figure 5.2-3) depicts how these planting approaches will be
applied.

The landscape plan for the area shows that the planting of conifer trees is phased (see Landscape
Plan sheets in Appendix B). It is anticipated that these conifers would be planted in a second
planting phase coincident with replacement plantings that may be required to meet the year three
performance standard for plant survival. At this time, the conifer species would be planted. The
_ees will be positioned such that they receive some shade from adjacent plants (trees, shrubs, and
groundcover). For the first growing season following this planting, soil moisture conditions will be
examined closely, and the use of the temporary irrigation system may be used to reduce mortality
and promote growth.

A temporary irrigation system willbe provided within the buffer areas. Inigation willbe used only
during the plant establishment phase and will be removed after plant survival standards have been
met. Irrigation will likely be used during the June through September time period, depending on
weather conditions. Application rates are planned to be less than agronomic rates, but sufficient to
reduce plant mortality and promote plant growth during the first season following planting.

5.2.1.8 Implementation

Miller Creek buffer projects will be closely coordinated with the instream enhancement projects, as
well as related Master Plan Update improvements, such as construction of the embankment.
Construction methods, sequencing, and steps necessary to implement both the riparian wetland and
buffer enhancement projects and the instream enhancement projects are discussed in Section
5.2.2.10.

5.2.1.9 Monitoring and Performance Standards

Monitoring of the wetland and riparian buffer projects will be consistent with the monitoring
approach and schedule outlined in Section 4. Specific performance standards will be evaluated
regularly during the monitoring period to ensure that the wetland and riparian buffer enhancement
projects are meeting project goals and objectives (see Table 5.2-3). If performance standards are
not met, specific contingency measures listed in Table 5.2-3 may be implemented, following the
adaptive management approach described in Section 4. Monitoring schedules specific to the
riparian buffer are provided in Table 5.2-4.
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In areas where _anccment tree plan_ngs are added to exi_ng forest vegetation, tree densities of
at least 280 trees per acre will be achieved. In these areas, survival of new plants will be monitored
for the appropriate performance standards. If mortality of existing vegetation occurs (i.e., through
windfall or other damage, they will be evalumed and using adaptive management analysis,
replacement planting may be used to supplement these areas.

5.2.1.10 Site Protection . r

The Port will execute and file a restrictive covenant for the mitigation area. Copies of proposed
restrictive covenants are included in Appendix F.

The boundaries of the mitigation area and buffers shall be p=manenfly marked with stakes at least
every 100 feet or with fencing. The marking shall include signage that clearly indicates that
mowing and fertilizer/pesticide applications are prohibited within mitigation areas. The details of
fencing and signage are provided in Appendix P.

5.2.1.11 Maintenance and Contingency Plans

Routine maintenance tasks (e.g., maintaining irrigation system, removing trash) and adaptive
management/contingency measures (e.g., weed management, replacing plants) will be implemented
consistent with the approach outlined in Section 4. Specific contingency actions for each wetland
and riparian buffer performance standard are provided in Table 5.2-3.

5.2.2 Miller Creek Instream Habitat Enhancement Plan

Four major instream enhancementprojects, as well as general instream habitat enhancements, will
restore and improve the quality of fish habitat in Miller Creek. Instrearn habitat quality is currently
degraded as a result of historic residential land uses and overall urbanization in the basin (see
Section 2).

The section of Miller Creek between the Vacca Farm site and Des Moines Memorial Drive was

surveyed m February and March 1999 to identify areas within the stream channel that would benefit
from habitat enhancement. As a result of this survey, four enhancement projects have been

identified (Appendix B, Sheet C2). Habitat enhancement in these four projects includes removal of
channel armoring, weirs, concrete walls, and footbridges, and installing instream features such as
root wads, gravel, and LWD. In addition to these four mstream enhancement projects, LWD will be
added at selected locations along the 6,500-fl section of Miller Creek to enhance overall channel
function and habitat (Appendix B, Sheets C7 and C10). Instream enhancement projects will be
coordinated with the wetland and riparian buffer enhancement projects. The streambed and bank of
Miller Creek adjacent to the South 156th Way bridge will also be restored after the existing bridge
over South 156th Way is removed and reconstructed as part of relocating South 154thStreet (see
Figure 5.2-1).
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5.2.2.1 Goals, Objectives, and Design Criteria

The overall goal of the Miner Creek instream enhancement projects is to alleviate historic human
disturbances by increasing the amount, quality, and continuity of instream fish habitat. Specific

design objectives in the instream enhancement projects are:

• Enhance instream fi._hhabitat by increasing channel complexity

• Stabilize bed and bank erosion along Miller Creek

• Remove instream man-made debris and channel armoring

• Enhance instream subsWate conditions for fish and invertebrates

• Restore the streambed and bank after relocating the bridge over South 156th Way

To implement the goal identified above, specific objectives and design criteria were developed

(Table 5.2-5).

Table 5.2-$. Mitigation goals, design objectives, and design criteria for _ enhancement projects in
Miller Creek.

Goals and Design Objectives Design Criteria

Goal 1: Enhance habitat by increasing channel complexity

Create pools and rifflehabitat. Remove cemented riprap alongbank_ encouragenaturalformationof
meanderbends and cutbenches.

Createhabitat featuresfor juvenile Increase the amount of stable, LWD in the channel.
rearingandhigh-flow refugia.

Createinstreamdiversityand Place wood in stzeamto create flow diversityand refugia.
enhanceorgamcrn_tterretention.

Goal 2: Stabilize bed and bank erosion

Identify locationsof in-channelor Stabilizethose areasof excessive erosionby using native vegetation and
bank erosion and stabilize those LWD.
areas.

Goal 3: Remove trash

Channel will be freeof wash. Remove all Washfromthe channel that could be harmfulto fish habitat,
aesthetics,and waterquality.

Goal 4: Enhance instream substrate

Enhance substrate. Add gravel to degraded reacheswhere natural recruitmentis limited.

Goal 5: Restore the bed and bank after relocating the bridge at South 156th Way

Reduce free sediment load from Reduce upstream erosionby vegetating banksand replanting the Vacca
Portproperty. Farmsite.
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5.2.2.2 Mitigation Site Description

The four instream enhancement projects and the general habitat enhancements are located in Miller
Creek between the Vacca Farm site and Des Moines Memorial Drive (see Figure 52-1; Appendix

B, Sheet C2).

BetweenVaccaFarm andSouth160thStreet,thestreamchannelislessalteredthantheditchedand
channehzedreachon theVaccaFarm site;however,itstillsuffersfromtheeffectsofurbanization.
SouthofVacca Farm,thestreamcontainssome meanders,poolsand riffles,and LWD inthe
channel.The substrateispredominantlysilty,mixed withareasof sandandtillinthenorthern
portionsofthisreach.Fartherdownstreamthesubstrateconsistslargelyofgravelandgravel-sand
bars. Unconfinedchannelwidthsin thisreachrangefrom 7 to I0 fland gravelbarsarc

approximately5 flwide.Becausethisstreamreachhasbeensurroundedby residencesandyards,
severalstreamportionsaremodifiedwithriprap,retainingwalls,bridgeabutments,footbridges,and
otherbank-sidestructuresthatrestrictnaturalchannelmorphology.The vegetateduplandbufferin
thisareamostlyconsistsoflawnandsome bushesandtreesplantedby homeowners,butthereis
veryhttlenativeriparianvegetation.

The streamchannelbetweenSouth160thStreetand SR 509 islessdisturbedthantheupstream
reaches,withchannelwidthsrangingfrom7 toI0 R. Withtheexceptionofa few smallstretches
withinthisreach,whichhavebeenhighlymodifiedwithriprap,tirewalls,orfences,thisreachis
characterizedby meanders,LWD jams,riparianvegetation(althoughin much of theareathe
vegetationisnon-native),poolsandriffles,andgravelbars.Inthissection,residentialdevelopment
isgenerallylocatedfartherfzomthestreamthanintheupstreamreaches.As a result,thestream-
bankshavemore intactriparianvegetation,reducingtheimpactof urbanization.Graveland
sandbarsarcpresentinmany portionsofthisreachandsubstrateinthemajorityofthechannelis
gravel.

5.2.2.3 Ownership

The Port owns the entire area to be included in the Miller Creek riparian and instream enhancement
mitigation.

5.2.2.4 Rationale for Selection

Mitigation sites for the specific instream enhancement projects were selected based on several
criteria. An initial survey of existing conditions was conducted to identify locations where
development adjacent to the channel or alterations to the channel were directly impairing habitat
and/or water quality in Miller Creek. These sites were then evaluated based on the severity and type
of impact and opportunity for restoration. Type of impact included the loss of habitat complexity,
channel armoring, erosion, man-made debris in the channel, and unstable or uniform
geomorphology. Opportunities for significant improvement at potential enhancement sites were
determined based on benefits to upstream and downstream reaches, access to the site, coordination
with buffer revegetation projects, and potential negative impacts during construction.
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5.2.2.5 Constraints

There are no significant constraints to the implementing the mitigation projects. However, instream
work must be performed during low-flow periods, and all work will be designed and performed
consistent with conditions of the HPA permit for the projects.

5.2.2.6 Ecological Assessment of the Enhancement Sites

Urban development in the Miller Creek watershed has degraded instream habitat and water quality
throughout the basin. Specifically, within the project reach, aquatic habitat has been degraded by
altered hydrology; channelization; excess fine sediments; altered water quality due to inputs of
pollutants, stormwater discharges, and agricultural and residential herbicides, pesticides, and
fertilizers; loss of habitat complexity; and loss of contiguous vegetated buffers (Table 5.2-6).
However, Miller Creek continues to support populations of coho salmon, anadromous and resident
cutthroat trout, three-spine sticklebacks, white crappie (Pomoxis annularis), and pumpkinseed
sunfish.

Table 5.2-6. Summary of existing conditions in Miller Creek between South 156th Way and Des Moines
MemorialDrive.

Parameter Description

FishHabitat Poolhabitatandhigh-flowrefuglaqualityarerelativelypoor,whichis relatedto the
lackof LWDmthe channel.Thisproblem(andotherfactors)maylimitthe sizesof
residentandanadmmousfishpopulationssuppor_dbyMillerCreek.

FineSediment Highturbiditywasobserved(andreported)inMillerCreekduringwinterbaseflow
rates. This problem is p3"imarilyfound in the upper roaches, where the channel has
beenstraightenedandconfinedbyriprapon bothbanks.

Geomorphic Complexity Numerous footbridges and riprap confine the stream to a narrow straight channel in
many reaches.

Man-made Debris Man-made debris (tires, shopping carts, metal pipes, and car parts) and fences that
restrictupstreamand downstreamfish movementare commonthroughoutthe
stream.

Between South 156th Way and the South 160thStreet culvert, Miller Creek has been degraded by
substantial development adjacent to the banks. Segments of the stream have been straightened and
the banks in these reaches are lined with riprap or cement. Substrate in this reach consists of silt and
fine sands. Numerous footbridges and weirs influence channel morphology and reduce habitat
complexity. Most of the footbridges confine the channel, creating straightened reaches of high-
velocity flows and bed scouring. Riparian vegetation consists primarily of lawn and some trees
adjacent to the eharmel; however, the vegetation does not provide shade, bank stabilization, or
habitat complexity. A fish survey conducted in 1998 found that sticklebacks were the dominant fish
in this reach; white crappies were also found. Although cutthroat trout were found upstream of the
waterfall north of South 160thStreet during an electroshoeking fish survey on November 10, 1998
(Parametrix 1998), they were not found during that survey in the upper reaches of Miller Creek

north of South 156th Way.
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Specific conditions in each of the four instream project reaches are described in the following
section.

Instream Enhancement Project 1

Instream Project 1 is located between the downstream end of the Miller Creek relocation project and
South 156th Way (see Figure 5.2-1). The project area includes approximately 650 ft of Miller
Creek, which is cor_finedalong most of the project length by riprap (Figure 5.2-4). Historically, this
area was a wetland that may have lacked a defined streambed. When this area was drained for
farmland, Miller Creek was channelized along the eastern edge of Wetland A1. A small side
channel, or ditch, draining Wetland A1 flows into Miller Creek at the south end of the wetland (see

Figure 5.2-4). This project is located on Parcels 63, 87, 88, 89, 90, 91, 97, 98, 100, and 101.

In this reach Miler Creek is a low-gradient stream, although the valley becomes more confined
downstream of the confluence with the side channel. The project site has two distinct areas:

upstream of the confluence with the side channel (Parcels 88, 89, and 90), and downstream of the
confluence where the valley narrows (Parcels 91, 99, 100, and 101). Substrate in the upstream
reach is composed primarily of silt and fine gravel; however, some coarse gravel exists where riprap
has fallen into the eharmel and created a riffle. Substrate in the side channel and downstream of the
confluence consists of fine silt. Five footbridges cross Miller Creek upstream of the confluence, and
a fence crosses the channel at the upstream end of the project site. Two footbridges and a fence
cross the side channel.

During high-flow events, both Miller Creek and the side channel overtop their banks and flood the
adjacent wetland. Vegetation within this reach is predominantly grass; the site also has several large
western redcedar trees and some non-native and invasive species. Downstream of the confluence
several large trees are located along the channel; however, the remainder of vegetation is lawn and
invasive or exotic species.

Instream Enhancement Project 2

Instream Project 2 is located approximately 150 ft upstream of South 160thStreet (see Figure 5.2-1).
A narrow ravine confines Miller Creek and its floodplain throughout this reach.

Construction of two weirs in this reach has altered the channel profile and resulted in a uniform
channel with little habitat diversity (Figure 5.2-5). The first (downstream) weir is approximately 3
ft high and constructed of large boulders. The second (upstream) weir is constructed of cement,
located approximately 70 ft upstream of the first weir, and is approximately 2 ft high. A footbridge
crosses Miller Creek just upstream of the second weir. Miller Creek is confined by riprap on both
banks downstream of the first weir and upstream of the second weir. Both weirs may impede fish
passage at summer low flows.

Between the weirs, riprap armors the left bank, while lawn on the right bank is planted to the edge
of the channel. During storm events, a pool forms behind the downstream weir and floods the right
bank. An emergent wetland lies adjacent to the left bank of Miller Creek throughout the project
area.
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Vegetation in the project area is predominantly turf grass lawns; however, a stand of large
cottonwood trees is located on the right bank near the downstream weir. The project site is easily
accessible on the right bank, although heavy equipment access may be limited by a retaining wall
on the left bank.

Instream Enhancement Projec t 3_

The site of InstreamProject 3 extends from a scour pool and debris area immediately downstream
of a culvert at South 160thStreet to approximately 600 ft downstream (see Figure 5.2-1). This

project is located on Parcels 256, 257, 258, 259, 260, and 276. Miner Creek is confined in the
middle and upper portions of this site by a narrow ravine. However, along the lower project
reaches, the valley widens and an extensive floodplain and wetland are associated with the stream.

Tire riprap has been placed along the left bank downstream of the scour pool, while the right bank is
steep and shows evidence of erosion and downcutting. In the middle of the project site, Miller
Creek becomes confined to a narrow channel, the gradient increases to a slope of approximately 3

percent, and the velocity increases. At the lower end of the steep reach, Miller Creek has a sharp
meander bend that is protected by riprap (Figure 5.2-6). Tire riprap lines the channel approximately
40 ft upstream of this meander. A deep scour pool with large cobble substrate has formed on the
outside edge of the meander. Another meander immediately downstreara has also been lined with
riprap.

Vegetation throughout this reach is dominated by blackberry species and turf grass lawn, with a few
large trees scattered along the banks. Access to the site is limited by steep banks on the right bank
immediately downstream of the culvert. However, the project area is easily accessible along the left
bank. "

Instream Enhancement Project 4

Enhancement Project 4 extends fi,om a point east of 8th Avenue South to a private driveway
approximately 820 ft upstream (see Figure 5.2-1). Project 4 is located on Parcels 314, 316, 317, and
321. Many reaches of MiUer Creek throughout this project area are unconfined by riprap and have
pool and riffle sequences; small pieces of in-channel wood are present throughout this reach as well.
Riprap lines the bank downstream of the private driveway (Figure 5.2-7). Large cement pieces line
Miller Creek on the right bank, constricting the channel. A collapsed footbridge has created a
backwater pool and trapped debris on the upstream side during winter base flow conditions. At the
downstream portion of the project area, two rock walls line the stream and a fence spans the
channel. The upstream wall, located along the left bank, influences the flow pattern of the stream;
however, there is evidence of bank erosion downstream of this wall. Miller Creek is channelized by
the second wall, which lines both banks.

Riparian vegetation in the project site includes many large (>30 tt) western redcedar and red alder
trees; however, little understory exists, and ground cover is primarily grass, gravel, and invasive
species such as blackberry. Steep banks at specific locations on the left bank would limit site
access. Miller Creek is easily accessible in most places along the right bank.
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5.2.2.7 Instream Habitat Enhancements Mitigation Design

The following sections describe the mitigation actions proposed for the four specific instream
habitat enhancement projects, the general in-stream habitat enhancement along Miller Creek, and
the restoration of the stream for the South 156th Way bridge relocation.

Most channel armoring, rock walls, weirs, and footbridges along this reach of Miller Creek will be
removed. For example, the existing rock weirs located at Instream Project 2 will be removed
because they impede fish passage. However, at several locations some riprap will be left in the
channel to avoid creating significant erosion or construction impacts (Figures 5.2-8 through 5.2-11;
Appendix B, Sheets C3 through C6).

Prior to developing the enhancement designs, cross sections were surveyed in three relatively
undisturbed reaches in Miller Creek. These cross sections (Figure 5.2-12) are used as reference
sites for proposed instream enhancement projects. The geomorphie and habitat benefits associated
with each enhancement feature are summarized in Table 5.2-7.

Table 5.2-7. Habitat and geomorphie benefits of Miller Creek lnstream enhancement features.

Enhancement Feature Geomorphlc Function Habitat Function

LWD Stabilizes banks Increases habitat complexity

Promotes deposition of fine Promotes pool formation
sediment Provides instream cover

Riparian Vegetation Stabilizes banks Moderates texture

Provides a source for LWD Provides organic matter
recruitment

Increases roughness, promotes Promotes undercut banks
deposition of fine sediment Provides iastream cover

Meander Bends Creates pool/rittle sequences Increases habitat complexity

Promotes overbank flows, reduces Creates spawning reaches
channel incision

Creates variations m flow regime

Creates depositional areas

Boulders Promotes variation in channel width Provides mstream cover

Creates variations in flow regime Creates variations in flow regime

Erosion Control Reduces sediment loading Reduces spawning habitat degradation

Stabilizes banks Increases macromvertebrate production

Remove Instream Barriers Promotes natural geomorphic Increases habitat availability/continuity
processes (i.e., widening,
meandering, deposition)

Debris Removal NA Enhances aesthetics

Reduces potential pollutants

Remove Footbridges/Riprap Allows for natural channel Increase habitat complexity
movement (i.e., widening,
meandering, deposition)

NA = Not applicable
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Instream Enhancement Project 1

Activities at InstreamProject I will enhance approximately 470 fi of Miller Creek and 300 fi of a
side channel extending from the Miller Creek relocation and Vacca Farmproject to the downstream
side of the existing South 156th Way bridge (see Figure 5.2-8; Appendix B, Sheet C3). The
primary goal of the enhancement features is to create a geomorphically stable, low-gradient stream.
Other goals include increasing the frequency of overbank flow for sediment deposition, enhancing
instream habitat,and enhancing the side channel.

Project 1 includes removing riprap, footbridges, railroad ties, and fences along Miller Creek and
placing woody debris in the channel to increase instreara habitat complexity. Riprap currently
located upstream of the South 156th Way bridge will be removed as part of the bridge replacement
project. Portions of the area may be regraded to match grading associated with the Vacca Farm
project and to promote flooding near the confluence with the side channel. The reach currently
located under the existing bridge will be restored by adding some wood and large rocks, providing
erosion control along the banks, and replanting the riparian areaonce this bridge has been replaced.

Addition of woody debris and native vegetation to the main and side channel will create more
diverse instream habitat for fish and other aquatic organisms. Native riparian and wetland
vegetation will be planted along the banks.

The entire project site is easily access_le to people and heavy equipment on both banks. Therefore,
construction of instream enhancement features and replanting of riparian vegetation will be
unrestricted. Specific access routes will be identified in the field to protect sensitive areas located
within the project boundary.

Instream Enhancement Project 2

Proposed enhancements at Instream Project 2 include removing riprap and the two instream weirs,

placing LWD and river boulders in the channel, and replanting with native wetland and riparian
vegetation (see Figure 5.2-9; Appendix B, Sheet C4). The goal of this project is to improve fish
passage and enhance instream and riparian habitat along approximately 234 fi of Miller Creek.
Approximately 100 it of the channel profile will be rcgradcd to match average upstream and
downstream gradients.

Approximately 55 it of riprap will be removed along the left bank between the two weirs and

approximately 12 it ofriprap will be removed along the right bank. All of the riprap associated with
the two weirs, as well as the two weirs, will be removed from the stream. Two footbridges will also
be removed. Coir logs and coir lifts will be used to restabilize areas where riprap is removed
(Appendix B, Sheets C4 and C9). Stream gravel will be placed in the channel and LWD and river
boulders will be used to stabilize the regraded reach. Native wetland and riparian vegetation will be
planted to provide shade and reduce bank erosion.

A temporary diversion of Miller Creek and dewatering of an approximately 120-ii section will be
required to remove the instrcam weirs and install new grade controls in the channel (Appendix B,
Sheet TE2). Diversion and dewatering are necessary to prevent sedimentation impacts to
downstream portions of the stream during removal of the weirs. Diversion of the stream and
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construction steps to remove weirs will be implemented only during low-flow conditions and will
be consistent with conditions of theHPA p=_ti_itfor theproject.

Measures to protect fish (e.g., trapping and relocating fish) in the section of the stream to be
dewatered will be implemented prior to diverting flows and will be conductext by a qualified fish
biologist consistent with conditions of the HPA permit. To divert the stream, the section of stream
to be dcwatered will betemporarilyblockedwith silt curtains,fishtrappedand relocated,and the
water diverted via a temporary dam, pumps, and pipes. The project area will then be dewatem:l,
weirs and riprap removed and new grade controls installed, banks stabilized, and the stream diverted
back into the project area. If necessary, the initial portions of the re-introduced flow would be
captured downstream of the project area and pumped into upland areas for biofiltration prior to
discharging back into Miller Creek. Diversion of the stream will be conducted only during the work
hours when the weirs are being removed (i.e., one or two work days). At the end of each work day,
work will be complete enough to allow water to be diverted back into the existing channel.

Instream Enhancement Project 3

Major factors degrading the stream along this reach are erosion and downcutting upstream of a
riprapped meander located approximately 300 ft downstream of the South 160_ Street culvert. The
primary goals of the enhancement are to remove constrictions that channelize flow (i.e., instream
tire retaining walls) and stabilize the profile of Miller Creek. Other goals at this site include adding
erosion control features along the banks, replanting native riparian and wetland species, removing

riprap along both banks, removing a fence along the left bank, and enhancing instream habitat (see
Figure 5.2-10; Appendix B, Sheet C5).

All instream tires will be removed throughout this reach, including tires along the left bank

immediately downstream of the South 160_ Street culvert and those that currently provide erosion
control on the right bank upstream of the meander. Erosion control measures and replanting of
native vegetation will be used to stabilize the banks where they have been disturbed during
construction activities. Upstream of the riprapped meander, the banks will be regraded to create a

high-flow channel and two gravel bars (see Figure 5.2-10; Appendix B, Sheet C5). LWD and river
boulders will be used to stabilize the channel and reduce velocities. LWD and boulders will also
enhance instream habitat. The removal of riprap will allow the stream to naturally meander. The

high-flow benches will be planted with native vegetation. Non-native and invasive species will be
replaced at the site with native riparian species.

Instream Enhancement Project 4

Gravel bar enhancement features are included in Project 4 (see Figure 5.2-11; Appendix B, Sheet

C6). The primary goal of this project is to reduce channel constrictions, which are causing bank
erosion and scour, and enhance existing instream and riparian habitat. Two rock walls along the left
and right streambanks, as well as an existing driveway, will be removed. Removal of the rock walls
and driveway will restore natural channel geomorphology in this reach. Erosion control measures
(e.g., sediment fencing and straw bales, erosion control fabric, or other appropriate BMPs) will be
used along the banks if needed. LWD will be placed in the channel and on the gravel bars to
maintain the existing channel grade, reduce erosion, and enhance instream habitat.
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Removal of the two concrete rubble wails in the downstream reaches will enhance stream

morphology and create more diverse instream habitat with pools and bars. It will also require
erosion control along the banks; placement of woody debris will be used to stabilize gravel bars and
promote deposition of suspended sediment.

Native riparian vegetation and wetland vegetation will be planted along the right bank within the
project area and along the leR bank where the site is accessible. The planted vegetation will provide
shade and bank stability, as well as structural and species diversity to the riparian tmderstory and
forest. Invasive and non-native species will be removed from the site.

General Instream Habitat Enhancement

In addition to placing LWD within each of the four instream enhancement projects, LWD will be
placed at various locations throughout the 6,500-it stretch of Miller Creek. LWD placement will
generally conform to existing WDFW guidelines and be consistent with conditions of the HPA
permit. The species (western redeedar,Douglas fir, and western hemlock [Tsuga heterophylla]) and
size will be determined during the final design. The number and location of woody debris at each
project site are shown on the detailed plan sheets in Appendix B (Sheets C3 through C6), and LWD
will be fleld-placed by the project engineer or habitat biologist during construction. LWD will be
designed to be stable in the stream. Natural anchoring methods, such as partially burying or
locating the woody debris outside the low-flow channel, will be preferred over conventional
anchoring methods (Appendix B, Sheet C10). The general locations of LWD will vary from site to
site, depending on the design objective. Much of the woody debris can be salvaged from existing
forested areas on the Master Plan Update project sites that will be filled by embankment
construction. This salvage woody debris will have root wads attached. Table 5_2-8 summarizes
final performance standm-ds, evaluation approach, and contingency measures for all the instream
habitat enhancements in Miller Creek.

South 154thStreet/South 156t_Way Bridge Relocation

To accommodate the RSAs for the third runway, it will be necessary to relocate South 154thStreet

north and west of its current alignment. The existing and proposed alignment of South 154thStreet
connects with South 156a_Way. As a result of relocating this roadway, it will be necessary to
replace and relocate the existing bridge over Miller Creek at South 156_ Way. The existing timber
bridge will be removed and replaced with a new bridge that will span the 100-year floodplain of the
stream (see Figure 5.2-1; Appendix B, Sheets L1, LI.1, P1, and P2).

Elements of this bridge relocation will require restoring the streambanks aider the existing timber
bridge is removed. The existing stream channel under the bridge is armored with riprap and
confined by the timber walls of the bridge. As a result of construction for the timber bridge, this
segment of the stream was widened, and the channel bed is wider than the segments to the north and
south. After removing the bridge, restoration activities will focus on re-establishing the
streambanks. To accomplish this, a portion of the channel will be filled to restore the natural
channel width (Figure 5.2-13; Appendix B, Sheet P1). Loose riprap will remain along the edge of
the stream channel under the bridge segments only to provide stabilization under the bridge (see
Figure 5.2-13; Appendix B, Sheets P1 and P2). Streambanks will be planted with native riparian
vegetation.
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5.2.2.8 Monitoring and Performance Standards

The monitoring approach, methods, schedules, and reporting for the instream habitat projects will
be consistent with the approach outlined for all Master Plan Update mitigation projects (Section 4).
Specific performance standards developed for the _ projects will be evaluated to ensure that
the projects aremeeting overall objectives and goals (Table 5.2-9).

Table 5.2-9. Monitoringschedulefor the tnztream enhancement projects.

Data Collection Year

Feature Activity Frequency 0 1 2 3 $ 7 I0 12 15

Habitat Inspection, stability Annually (May) or aRer X X X X X X X X X
Structures of habitat features flows in excess of the 2-

year peakflowduring
the first 3 years

Subswate Pebblecounts Semiannually X X X X X X X X X
(February/August)

Erosion or Visual evidence of Annually (May) or _ X X X X X X X X X

Scouring erosionorscouring flowsinexcessofthe2-
yearpeakflowduring
the first 3 years

Structures Evidence of Annually (May) or after X X X X X X X X X
cavitationorscouring flowsinexcessofthe 2-

year peak flow during
thefirst 3 years

Adverse Inspect channel bank.q Twice yearly X X X X X X X X X
Flooding and riparian zone for (February/November)

pondedwater

Reports X X X X X X X X X

lnstream Habitat Conditions

Instream habitat will be monitored and evaluated against performance standardsto ensure that these
features provide the desired habitat and bank stabilization functions, and that instream LWD is
stable,creating poolsandmeandersasdesigned.Table5.2-8 listsspecificperformancestandards,
methods/parameters, and contingency measures for ensuring that the instream enhancements are
meeting project goals and objectives. Monitoring instream habitat enhancement projects will focus
primarily on evaluating parameters related to aquatic habitat quality such as habitat complexity
(e.g., pool/riffle morphology, undercut banks), habitat features (e.g., LWD, gravel bars), and overall
stream condition (e.g., lack of sedimentation or erosion, lack of man-made debris).

Monitoring methods and schedule for the instream enhancement projects are listed in Table 5.2-9.
The schedule includes routine inspections and emergency inspections to be conducted following
major flood events.
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Biological Conditions

The instream enhancement projects are designed to enhance biological as well as physical functions
in Miller Creek and therefore, as part of the monitoring program for the Miller Creek instream

projects, biological conditions will be evaluated and compared to existing or baseline conditions in
the stream. Biological conditions will be assessed using BIBI (Kerans and Karr 1994; Fore et al.
1996; Kleindl 1995). Aquatic invertebrate populations will be sampled from representative riffles
in Miller Creek, and the data will be analyzed to determine the BIBI score. The BIBI score

integrates several physical and chemical conditions in the stream and watershed. 26

Information gathered from this study will be used to evaluate changes in the invertebrate
assemblages and relate them to other monitoring parameters and changes at the mitigation sites
through the monitoring period. The BIBI scores obtained each year during the monitoring period
will be compared to baseline values obtained from Miller Creek prior to mitigation, as well as to
values obtained in other urban streams in the Puget Sound region. Since this methodology has not
been widely applied to mitigation, BIBI data WIll be used to generally assess how the mitigation
projects affect biotic integrity, but will not be linked to performance standards.

Vegetation

Riparian and channel vegetation installed as part of the _ projects will be monitored and
evaluated against the performance standards for the wetland and riparian buffer plantings described
in Table 5.2-3. Monitoring methods and a schedule for evaluating riparian vegetation at the
inslream projects are listed in Table 5.2-4.

5.2.2.9 Maintenance and Contingency Plans

Routine maintenance and contingency measures will be implemented consistent with the approach
described in Section 4. A design goal for the instream enhancement features is that each enhanced
reach function as a natural channel, requiring little or no maintenance. As indicated in Tables 5.2-8
and 5.2-9, periodic maintenance may be required to correct a variety of detrimental conditions to
ensure that the projects meet performance standards.

In the event that contingency measures are necessary, the Port will use an adaptive management
plan, as outlined in Section 4, to assess factors contributing to poor performance and design
appropriate measures to change the contributing factors. Specific contingency measures for each of
the performance standards for the instream projects are listed in Table 5.2-8.

All of the proposed enhancement projects have similar basic criteria for performance standards: (1)
maintain minimum flow depths and velocities for fish passage, water quality, and sedimentation; (2)
provide capacity for peak flows; and (3) reduce erosion of the bed and banks. The enhancement

2_The BIBI is a numerical analysis of stream invertebrate data that assesses the degree to which macromvertebrate
populations have been altered by human disturbance. A strong correlation between levels of urbanization and BIBI
scores exists (Fore et al. 1996; Homer et al. 1996). While BIBI measurements will monitor changes in the invertebrate
assemblagesmthe s_am, the valueswillalsoreflectactivitiesin the watershedupstreamof the mitigation,andthus
cannotbeusedtounequivocallydetem_e theeffectofmitigationactions.
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features were designed to meet these critc_a; however, if flow rates and stream hydraulics differ
substantially from the design flows used to develop the enhancement features, these features may
not function as designed. If this occm's, reaches with enhancement features can be modified by:

• Modifying channel widths to reduce velocities and improve capacity

• Adding additional bank stabilization and erosion control methods

• Adding or modifying channel profile structures (e.g., log weirs) to reduce velocities

5.2.2.10 Implementation of Buffer and Instream Enhancement Projects

Implementation of the buffer and instream projects along Miller Creek will be coordinated with
each other, and will be constructed in a manner consistent with federal, state, and local permits (e.g.,
CWA 404, HPA). In addition, construction of the mitigation projects will be coordinated with
construction of the third runway embankment, security roads, utility relocations, South 156th Way

bridge relocation, and stormwater management facilities to ensure that implementation of the
mitigation projects is not impacted by other construction activities. A proposed implementation
time line is presented in Table 5.2-10. Details regarding implementation steps, construction
methods, and sequencing are included in this section.

General Construction Sequencing

Landscaping for the buffer enhancement will be coordinated with the instream enhancement
projects. Wetland and riparian enhancements will startwith installing TESC measures, demolishing
of existing structures (e.g., buildings, driveways, fences), clearing and grubbing the site to remove
non-native vegetation, and preparing the site for planting.

Temporary irrigation may be installed for some enhancement areas if necessary. Wetland and
riparian vegetation will be planted in the fall immediately following site preparation (see Irrigation
Plan sh_ts in Appendix B). BMPs for sediment and erosion control during these activities will
minimize impacts to the stream and adjacent wetlands (Appendix B, Sh_ts TEl through TE6).
Measures include placing silt fence around work areas and staging areas, and placing straw bales or
other BMPs at key locations within the project limits. Cleating and brush removal will be limited to
only those work areas that the contractor is scheduled to begin within the following 2 w_ks. The
disturbed areas will be stabilized immediately after work in that area is completed. TESC measures

will remain in place and be maintained until the entire site has stabilized.

Instream work will be scheduled during dry weather, when base flows are at a minimum, and will
be restricted to allowable work times consistent with the HPA (i.e., July 15 to September 15). Prior
to the start of any other construction activities, the TESC plan for the instream projects will be
implemented and the TESC elements will be in place (Appendix B, Sheets TEl through TE6).
Once the temporary facilities are in place, the contractor will implement a plan for controlling water
in areas requiring instream work. This may include excavating dewatering trenches, French drains,
and sumps.
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Temporary berms (using sandbags or other structures that would not be driven into the channel)
may be used to divert flows around bank work. Silt curtains will be installed prior to any LWD
placement except for channel spanning LWD (Appendix B, Sheet TE5). Silt curtains will extend
completely around the project site. Any turbidwater inside the silt ctn'tainwill be pumped out and
directed through settling ponds and straw bale filters prior to being discharged back into the streana.
All instream work will be performed in a manner to protect fish and other aquatic organi._n_
consistent with the I-IPApermitconditions.

Excavation and partial burial (Appendix B, Sheet C10) will anchor LWD. LWD will be excavated
and placed by hand tools or from the streambanks using equipment with extendable arms (e.g.,
backhoe). No equipment will be allowed to drive into or cross the stream channel. Access to
project sites will avoid wetlands where possible. If access through non-wetland areas is not
feasible, protective plywood mats will be placed over access paths and work areas to protect
wetlands and the stream. Silt fences will be installed along all access routes. Vegetation clearing
will be limited, and vegetation will be mowed ratherthan removed wherever possible to gain access
to project sites. Access routes will be stabilized and revegetated immediately following
construction.

Plant materialused in the mitigation will be obtained from commercial nurseries. Nurseries will be
required to certify that the plant material is legally procured and from the appropriate geographic
source. Plant material used in the mitigation will be grown in the areabounded on the northby the
Fraser River Valley, British Columbia; on the east by the 1,000-fl elevation of the Cascades; on the
west by the 1,000-fl elevation in the Olympic or Coast ranges; and on the south by the WiUamette
Valley.

Construction Steps

Construction steps required to implement the instream and buffer enhancement projects are
described below. General construction steps, as well as construction steps for each of the four
instream projects and placement of LWD in the stream within the project area, are included.

General Conditions

• On award of the contract, the contractor will provide the Port with any required pre-
construction submittals, work plans, and schedules.

• A pre-construction meeting will be held with the contractor, architect/engineer, and wetland
scientist to review submittals, work plans, schedules, and permit conditions.

• The contractor will be responsible for ensuring that the work is performed in compliance
with all permit conditions and shall maintain a copy of permits on-site.

• Work will be coordinated to avoid re-entry and damage to areas that have previously been
planted; work will be conducted so that no other work will impact completed landscaping.

• Areas where landscaping has been completed will be off-limits to all vehicular traffic, and
pedestrian traffic will be strictly limited.
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• Construction will take place during the dry season; any instream work or work below the
OHWM will take place only during the allowable work times, consistent with HPA permit
conditions (i.e., July 15 to September 15).

• Plant procurement shall be coordinated with the grading and irrigation installation
schedules.Plantswillbe secured6 to12monthspriortothescheduledplantingseasonto
ensurethatplantsareavailableinthequantitiesandspeciesrequiredbytheplantingplan.

Site Preparation

• Establish vertical and horizontal site controls and maintain through construction to record
drawings.

• Identify and flag limits of work for mitigation site.

• Identify staging areas and temporary access/haul roads.

• Implement TESC plan and install TESC measures.

• Install fencing (orange barrier) around areas to be protected (e.g., stream channel, existing
wetlands, vegetation/trees to be retained).

• Maintain security of the site through construction.

• Establish temporary access/haul roads.

• Establish staging and stockpile areas.

• Implement a spill control plan and identify fueling areas.

Clearing, Excavation, and Grading

• Clearandgrubportionsofthesiteasspecified;clearstructuresandimpervioussurfacesand
existingnon-nativevegetationinselectedareas.

• In selected areas, grade per specifications.

• Install irrigation as specified in selected areas.

Instream Project 1 (Appendix B, Sheets C3, C9, C10, and TEl)

• Install silt curtains and silt fencing per specifications. This can be done in phases as
approved by the engineer.

• Remove riprap, footbridges, railroad ties, and fences identified on plan sheet.

• Regrade portions of the area as needed to meet grading from Vaeca Farm projects.

• Install LWD in the main channel and side channel.

• Implement planting plan for the main channel and side channel.

• Seeddisturbedareas(includinganyaccessroadsandstagingareas).

• MaintainTESC measuresadjacenttorestoredstreambankuntiladjacentriparianbufferhas
beenplantedandstabilized.
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• Remove silt curtain and TESC measures once the site is stabilized and approved by the
engineer and wetland scientist.

lustre.am Project 2 (Appendix B, Sheets C4, C8 through C10, TE2)

• Install silt curtainsand silt fencing per specifications.

• Clear and grade the minimum area required for cons_'uction of the project.

• Remove two footbridges identified on plan sheet.

• Remove riprapassociated with two weirs; remove the two weirs.

• Install coir logs and coir lifts to stabilize areaswhere riprapis removed.

• Install LWD, boulders, and stream gravel.

• Seed disturbed areas.

• Implement planting plan for stream banks, wee.land, and riparian areas adjacent to project
site.

• Remove silt curtain and TESC measures once the site is stabilized and approved by the
engine_- and wetland SCientist.

lnstream Project 3 (Appendix B, Sheets C5, C8 through C10, TE3)

• Install silt curtains and silt fencing per specifications.

• Clear and grade the minimum area roqtlirod for construction of the project.

• Remove instream tires lining left and right banks; remove riprap.

• Construct high-flow benches and gravel bars.

• Install LWD, boulders, and stream gravel.

• Install coir lifts, coir logs, and plant banks with live stakes to stabilize new banks.

• Seed disturbed areas.

• Implement planting plan for channel banks, wetland, and riparian areas adjacent to the
project site.

• Remove silt curtain and TESC measures once the site is stabilized and approved by the
engineer and wetland scientist.

Instream Project 4 (Appendix B, Sheets C6, C8 through CI0, TE4)

• Install silt curtains and silt fencing per specifications.

• Clear and grade the minimum area required for construction of the project.

• Remove riprap rock walls and existing driveway.

• Construct three high-flow benches and gravel bars; construct new channel banks.

• Install LWD, river boulders, and stream gravel.

• Place geotextile over new banks.
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• Seed disturbed areas.

• Implement planting plan for new channel banks, wetland, and riparian areas adjacent to the
project site.

• Remove silt curtain and TESC measures on the east bank once the site is stabilized and
approved by the engineer and wetland scientist.

Closeout

• Complete site cleanup by removing temporaryhaul/access roads and staging areas.

• Remove construction equipment and debris.

• Hydroseed and/or install plants in any temporary staging areas or access roads within the
mitigation site boundaries.

• Hydroseed erosion control mix in temporary staging areas/access roads outside the
mitigation boundaries.

• Install pvimanent fence and/or signs along buffer boundary.

Record Drawings, Monitoring, and Maintenance

• Produce grading record drawings for instream enhancement projects and planting plan
record drawings for wetland and buffer enhancement areas.

• Complete a baseline report, including record drawings, buffer boundaries along Miller
Creek, and final monitoring plan (e.g., locations of monitoring plots, baseline conditions).

• Begin compliance monitoring during the first growing season alter planting is complete.
Submit annual monitoring reports for the 15-year monitoring period.

• Conduct maintenance (e.g., weed management, WHMP) and implement any necessary
contingency measures to meet performance standards.

5.2.3 Drainage Channel Replacement Plan

Three small intermittent drainage channels (Drainage Channels A, B, and W) are located in the
acquisition area on the west side of the existing runway (see Section 2, Figure 2.1-2). 27 These
drainage channels currently convey water (groundwater and surface water) from the hillside on the
western edge of the airport to Miller Creek and the wetlands adjacent to Miller Creek. Channel A is
located immediately east of 12thAvenue South in a roadside drainage ditch. Channel B originates
in Wetland 37f and is located west of 12th Avenue South. Channel B provides a surface water
connection between Wetland 37f and Wetland R9. Channel W is located east of the existing
perimeter road within the current Airport Operation Area (AOA). This channel originates in
Wetland 20b and flows northwest through a culvert and under the perimeter road; it ultimately
empties into Channel A.

Approximately 1,290 linear fl of the existing drainage channels will be filled as a result of third

runway construction (Section 3). The Port proposes to mitigate for filling these channels by

27DitchesontheVaccaFarm(seeSection3.4)arenotincludedmthismitigationbecausetheirfunctionsareenhanced
aspartoftheVaccaFarmrestorationprojects(seeSection5.1).
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replacing and restoring their functions on-site. A subsurface drainage system in the fill
embankment will collect water infiltrating the embankment and direct this water to surface water
channels at the base of the embankrnenL Water fi'om the replacement drainage channels will be
directed to riparian wetlands along Miller Creek (Figure 5.2-14). The mnfac_ water channels will
be designed to replace the 100-year flow conveyance capacity of the channel lengths being failed.
Replacement drainage channels will be permanent features and their consm_ction will be
coordinated with the Miller Creek buffer enhancement projects, embankment construction activities,
and stormwater facility construction.

5.2.3.1 Goals, Objectives, and Design Criteria

To replace the functions of existing channels, four replacement drainage channel areas will be
designed along the west side of the perimeter roadway at the base of the fill embankment. The
goals of this mitigation action are listed below and described in Table 5.2-11.

• The replacement drainage channels will provide adequate (100-year) flow conveyance
functions.

• The replacement drainage channels will collect seepage from the embankment to maintain
base flows in Miller Creek and hydrology of downslope wetlands.

• The replacement drainage channels will provide open channel lengths equivalent to the
existing drainage channel lengths.

• The replacement drainage channels will be planted with a vegetated buffer to provide shade
to enhance water quality in Miller Creek and other wetlands.

Table 5.2-11. Mitigation goals, design objectives, and design criteria for replacement drainage cbmnneis.

Design Objectives Design Criteria

Goal 1: The replacement drainage channels will provide adequate (100-year) flow conveyance functions

Provide channel flow capacity for Consmiet the replacement channel to convey the 100-year, 2C-hour design storm
expected runoff, and seepage flows emanating from the embankment.

Channeldepthswillbeaminimum of2 fldeepwithsideslopesof3:lorflatler;
or if slopes are steeper, log and rock weirs will protect channel banks.

Goal 2: The replacement channels will collect seepage to maintain base flows and wetland hydrology

Integratechannel into embankment ConsmJct channels down gradient and hydrologically connected to the drainage
drainage layer so groundwater can be layer of the embankment.
collected.

Convey water to riparian wetlands Direct water in drainage channels to discharge points in or adjacent to riparian
downslope from the embankment, wetlands along Miller Creek (Wetlands A 13, i 8, 37, 39, 44e, and A9).

Goal 3: The replacement channels will provide an open channel of equivalent length as the existing channel

Construct new channels with equivalent Construct new channels with aminimum length of 1,290 R.
length, substrate, and sueamside
vegetation. Channel substrate will be stable and have slopes of less than 3:1. Where steeper

channel slopes arerequired, protect from down cumng with log weirs.

Goal 4: Plant a vegetated buffer along the length of channel to provide shade, which will enhance water quality

Provide avegetated buffer alongthe Plant naive shrubs at greater than 2,100 individuals per acre along channel
length of the mitigation channel, banks.

Plant native trees greater than 280 trees per acre along channel banks.
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5.2.3.2 Mitigation Site Description

The replacement channels will be located in areas that are currently predominantly residential
lawns, upland forest, or emergent wetlands. The replacement drainagechannels will be constructed
on the west side of the perimeter road that will run immediately west of the new embankment for
the thirdrunway (see Figure 5.2-14).

5.2.3.3 Ownership

The Portowns the property where the replacement drainagechannels will be relocated.

5.2.3.4 Rationale For Selection

The drainage channel mitigation replaces the water conveyance functions of the channels that will
be impacted by the project. Replacement drainage channels will be constructed as close to the
original channel location as possible. The existing channels currently convey water from the
hillslope to the west of STIA to downgradient wetlands and Miller Creek. The channels are
designed to ensure that the discharge of water to wetlands adjacent to Miller Creek continues.

5.2.3.5 Constraints

There are no constraints that affect implementation of the planned mitigation action.

5.2.3.6 Ecological Assessment of the Mitigation Site

The replacement channels will be located in areas that are currently residential, upland forest, or
emergent wetlands. A detailed description of ecological conditions at these sites is given in the
Wetland Delineation Report (Pararnetrix 2000b).

5.2.3.7 Replacement Drainage Channel Mitigation Design

A permanent drainage collection swale will be constructed at the toe of the embankment to intercept
surface water runoff from the embankment and security road. The replacement drainage channels
located on the west side of the new security road will receive water from the underdram system the
embankment slope, and the non-pollution generating surfaces of the security road. The underdrain
system collects water infiltrating into the embankment (see Figure 5.2-14 through 5.2-16;
Appendix D, Sheets C5, C6, and C7 ). The replacement channels will then direct this water to
downslope wetlands.
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During construction of the embankment and retaining wall, west of the third runway, the collection
swale will collect cons_ction runoff from the out=most portion of the embankment and route the
water to a sedimentation and water treatment facility. ARer comtn_tion of the embankment and
retaining walls is complete, the collection swale will be retained to intercept surface water runoff
from the embankment and direct it to the replacemem drainage channels via culverts under the
perimeter road. The replacement drainage channels (a minimum of 1,290 linear fl of the collection
swale) will convey groundwater and seepage from the embankment and runoff water to adjacent
wetlands (see Figure 5.2-14; Appendix D, Sheet C3, and Sheets CA through C8).

Channel Size and Slope

The drainage channels will be designed to convey the l O0-year peak flow rate for runoff and
groundwater collected by the swale. The maximum flow depth in the channel will be determined by
anticipated flow conditions; the channel depth will range from 2 to 4 fl with up to 3:1 side slopes.
The bottom width will be controlled by the flow minimum design depth (0.5 fl) and channel slope,
but will be a minimum of 3 fl wide. Flow contraol weirs, used to prevent erosion, sedimentation,
scouring, and downstream deposition impacts.

Discharge Points

The drainage channels win discharge into downslope wetlands to maintain wetland hydrology,
disperse runofl_ and to provide base flows to Miller Creek (i.e., Wetlands A13, 18, 37, 39, 44a, and
R9; Appendix D, Sheets CA through C7). At the discharge points, the channels will be designed to
prevent erosion or scouring impacts by utilizing the design standards for flow spreaders identified in
the Stormwater Management Manual for Western Washington (Ecology 2001b) in the receiving
channel or wetlands through the use of dispersal trenches or similar construction. The dispersal
trenches will include installing weirs and/or soil stabilization (i.e. live stakes, branch packs) at
discharge points to prevent erosion. Flow rates at each dispersal trench will generally range
between 0.1cfs for two-year storms and less than 0.5 cfs for 100-year storms. Dispersal trenches
and weirs are designed to spread and discharge these flows over a 50 - 100 foot zone.

Groundwater Seepage and Hydrology

Existing channels convey seepage and stormwater to downstream wetlands and Miller Creek. The
replacement drainage channels will collect seepage water that discharges from the embankment and
distribute it to downslope wetlands using rock berms or infiltration swales. The hydrology of
wetlands downslope of the new embankment will be monitored following construction to ensure
that wetland hydrology is maintained.

5.2.3.8 Implementation

The replacement drainage channel will be constructed as part of the stormwater facilities for the
third runway embankment. Channel construction and planting of the vegetated buffers will be
coordinated with construction of the embankment and stormwater facilities, the Miller Creek

riparian wetland and buffer enhancements, and temporary restoration of wetland impacts.
Implementation of the replacement drainage channel is described in Section 5.2.4.12
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LandscapePlan

The landscape plan for the replacement channels has been designed to be consistent with the Port's
WHMP. The side slopes and buffers along the channels will be planted with native vegetation to
provide shade. The vegetation will also contribute organic matter to the drainage channels and
ultimately to Miller Creek. The vegetated buffer will extend from the edge of the channel to
approximately 10 fl west of the security mad (see Figures 5.2-15 and 5.2-16; Appendix B, Sheets
L2 through L5; Appendix D, Sheets C5 and C8). This distance is designed to provide a minimum
of 5 fl of unvegetated area on either side of the perimeter fence as required for airport security.
Native plant species that will not attract hazard wildlife (see Table 5.1-12) will be planted adjacent
to the channel.

Monitoring and Performance Standards

The drainage channels will be monitored consistent with the monitoring approach, methods,
schedules, and reporting outlined in Section 4. Hazard wildlife will be monitored consistent with
the Port's WHNIP (USDA 2000). Monitoring and performance standards for the replacement
drainage channels will evaluate not only the functioning of the drainage channels (flow conveyance,
stability of substrate, evidence of erosion) and the vegetated buffers, but the hydrology of
downslope wetlands as well. Specific performance standards, types of parameters to evaluate, and
contingency measures for the replacement drainage channels are provided in Table 5.2-12.
Replacement drainage ehannels will be monitored following the schedule and methods provided in
Table 5.2-13.

Hydrology

The replacement drainage channel design provides surface water to support the hydrology of
downslope wetlands to ensure that existing wetland functions are maintained. The depth and
duration of soil saturation will be monitored periodically during the 15-year monitoring period in
wetlands between the embankment and Miller Creek (i.e., Wetlands 18 and 37). Groundwater
monitoring will use standard groundwater monitoring wells installed in the wetlands between the
embankment and Miller Creek. Groundwater levels will be monitored monthly for the first 5 years
of the monitoring period, and then every other month for the remainder of the monitoring period.
Specific performance standards and contingency measures for maintaining hydrology in downslope
wetlands are included in Table 5.2-12.

Vegetation

Vegetation in the drainage channel buffers will be monitored to evaluate plant survival, native plant
cover, invasive species cover, plant density, and overall health and vigor consistent with the
approach outlined in Section 4.

5.2.3.9 Site Protection

The channels will be protected l_om adjacent airport development by fencing and signs that
designate the area as pvimanently protected mitigation sites. The area will be covered by the
restrictive covenants drafted to permanently protect the mitigation sites (Appendix G).
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5.2.3.10 Maintenance and Contingency Plans

Routine maintenance and contingency measures will be implemented for the replacement drainage
channels consistent with the overall approachoutlined in Section 4.

Specific contingency measures for the drainage channels areprovided in Table 5.2-12. If flow rates
and hydrology are substantially different from the design flows used to develop this plan, the
channels may not function as designed and the channel section can be modified by:

• Widening the base flow channel to reduce velocities and improve capacity.

• Narrowing the base flow channel with logs or boulders to increase base flow depth and
velocity.

• Widening the flood flow portion of the channel (above 0.5 r) to improve capacity and
reduce velocity.

• Adding log weir steps to flatten stream slope, reducing velocity and increasing base flow
depth.

• Adjusting discharge points to Wetlands A13, 18, 37a, 39, 44a, and R9 or other wetlands as
necessary.

5.2.4 Wetland Restoration Plan for Temporary. Construction Impacts

Construction of the third runway embankment will result in some temporary wetland impacts
(described in Section 5.2.4.2). Temporary impacts to wetlands are those that do not involve
permanent filling or excavation, and include clearing of wetland vegetation; use of a wetland for
temporary construction of access roads, staging areas, or temporary stormwater management ponds;
or minor disturbances associated with placement of barrier and sediment fencing. Temporary
impacts will last 1 to 5 yearses. A maximum of 2.05 acres of wetlands (including 1.15 acres of
forest, 0.46 acre of shrub, and 0.44 acre of emergent wetland) may be impacted temporarily by
construction activities (Table 5.2-14). However, not all of these wetlands will necessarily be
impacted by construction activities. During construction, all practicable means will be used to
minimize and avoid temporary impacts (for example, reducing staging area or access road
footprints, minimizing pond sizes, or re-routing access roads). Therefore, actual temporary
construction impacts may be less than 2.05 acres. All wetlands temporarily impacted by
construction activities will be restored and monitored to ensure performance standards are met
(Table 5.2-15).

Following construction, wetlands temporarily impacted by clearing or filling will be restored by
removing all temporary fill material, re-establishing pre-disturbance conditions, and planting with
native forested and shrub vegetation. Wetlands with only minor disturbances that do not involve
clearing of vegetation or filling (e.g., sediment fencing placed along the edge of a wetland) will be
restored by removing sediment fencing, removing any other construction debris, and replacing any
wetland vegetation disturbed by these activities.

28The temporalloss of wetlandfunctionsthatcanresultfromtemporaryimpactsthatexceed 1yearis mitigatedby
providedadditionalmitigation(atWetlandA17andotherlocations).
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Additionally, other temporary impacts to wetlands will occur during mitigation activities (see

Section 5.2.4.2).

Table 5.2-14. Summary of wetlands subject to temporary construction-ralated impacts.

Total Vegetation Type Impacted (acres)

Temporary
Impact Area

W_t!and Cln_ifieatiou" (acres) Forest Shrub Emergent

Runway Safety Area Extension

4 Forest b 0.20 0.20 0.00 0.00

5 Forest/Shrub b 0.20 0.10 0.10 0.00

9 Forest/Emergent 0.16 0.11 0.00 0.05

Third Runway

18 Forest/Shrub/Emergent 022 0.04 0.07 0.11

37 ForesffShn_ergent 0.71 0.50 0.10 0.11

44a Forest/Shrub 0.28 0.18 0.10 0.00

A1 Forest/Shrub/Emergent b 0.05 0.01 0.01 0.03

Al2 Shrub 0.03 0.00 0.03 0.00

A13 Forest 0.01 0.01 0.00 0.00

R2 Emergent 0.02 0.00 0.00 0.02

South Aviation SupportArea

52 Forest/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 other standard BMPs such as temporary

seeding, straw mulch, interception swales, etc.

Table 5.2-15. Mitigation design objectives and criteria for restoration of temporary wetland impacts.

Goal and Design Objectives Design Criteria

Restore wetlands to pre-consUuction Grade areas to pre-construction elevations if pre-consumction grades have
conditions, been modified, amend soils with topsoil.

Provide wetland hydrology appropriate Grade to re-establish pre-construction hydrology.
for each wetland vegetation cover type.

Re-vegetate impacted wetland areas. Restore impacted areas with native forest vegetation. Emergent wetland
communities will be replanted with forest vegetation to increase wetland
functions and reduce potential use by waterfowl.

Stabilize soils in upland areas adjacent to Disturbed ground within 50 fc of the wetlands will be hydroseeded or
restoration areas, otherwise stabilized to prevent erosion impacts to the wetland.
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5.2.4.1 Goal, Objectives, and Design Criteria

The primary goal of this plan is to ensure no net loss of wetland functions by restoring wetlands
temporarily impacted by construction activities to their pre-conslruction size with an overall
increase in function (e.g., replace non-native emergent vegetation with native forest vegetation).

Design objectives and design criteria were developed (see Table 5.2-15) to ensure that restoration
goals have been met at the end of the 15-year monitoring program.

5.2.4.2 Wetlands Site Description

A total of 11 wetlands (see Table 5.2-14) may be temporarily disturbed by Master Plan Update
project construction activities (see Figure 3.1-3; Appendix D, Sheets C2 and C3 through C7). These
wetlands lie within three general project areas: the RSA and South 154_ Street relocation, the third
runway embankment, and the SASA. Wetlands subject to temporary construction-related impacts
are listed in Table 5.2-14. A complete description of these wetlands is included in the Wetland
Delineation Report (Parametrix 2000b).

Runway Safety Areas and South 154 thStreet Relocation

Wetlands 4 and 5 are located near the north end of the existing runways where required RSA
extensions will be built. As part of the safety extensions, South 154th Street will be relocated
several hundred feet to the north, adjacent to these wetlands. Temporary disturbance to small
portions of Wetlands 4 and 5 (about 0.40 acre) could result from placement of silt fences and
required temporary erosion and sediment control actions.

Third Runway Embankment

Eight wetlands occur near the edge of fill for the third runway embankment. Temporary
disturbance will occur in portions of Wetlands A1 (0.05 acre), A12 (0.03 acre), A13 (0.01 acre), R2
(0.02 acre), and 18 (0.22 acre), outside the area of permanent fill. During the relocation of South
154thStreet, portions (0.16 acre) of Wetland 9 will be temporarily disturbed by construction activity.
Minor disturbance could occur in limited portions of these wetlands as a result of installing silt
fences around the construction area.

In addition to the impacts described above, approximately 0.71 acre of Wetland 37 and 0.28 acres of
wetland 44a will be directly disturbed from construction of temporary stormwater management
facilities, including a temporary detention pond. The pond will be used to temporarily store
construction stormwater that is pumped to an upland sedimentation pond. Design of these facilities
has been planned to prevent indirect impacts to Wetland 37 and Wetland 44 as explained in Hart
Crowser (2001a; Appendix Q). These stormwater facilities will be removed and the wetland area
restored after completion of the third runway. Permanent stormwater facilities will be located
outside of wetland areas.

South Aviation Support Area

Wetland 52 (i.e., Tyee Pond) is adjacent to the SASA project. Temporary impacts (approximately
0.17 acre) may occur during construction of the taxiway connecting the SASA to the airfield.
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Impacts to the wetland could include minor sedimentation or soil disturbance resulting from
construction.

Temporary Impacts Resulting from Mitigation Projects

Approximately 43.34 acres of wetland area(in both on- and off-site mitigation areas) will be subject
to enhancement and restoration activities such as grading,weed control, and planting (see Table 3.1-
4). In general, these activities occur to Category 1TIor Category W wetlands that are farmed or
dominated by non-native vegetation. For example, approximately 3.74 acres of Wetland A1, a
Category H riparian wetland, will be temporarily disturbed by construction associated with the
relocation of Miller Creek, floodplain grading, and planting. Two emergent Category HI wetlands
at or near the off-site mitigation area in Auburn, Washington (see Sections 4 and 7) will be altered
by the placement of temporary construction access roads or by excavation to increase the amount of
seasonal saturation the wetland experiences. All of these wetlands will be enhanced or restored by
the proposed mitigation actions, with an overall increase in wetland function resulting from the
mitigation. These actions aredescribed in detail in the sections discussing the individual mitigation
projects.

5.2.4.3 Rationale for Selection

Those wetlands temporarily impacted from construction activities will be restored on-site.
Mitigation of temporary impacts provides the opportunity to enhance or restore functions in
wetlands that are currently degraded. Following mitigation of temporary impacts, these wetlands
will be vegetated with native forest and shrub wetland species, and wetlands will be protected by
50-t-wide upland buffers where possible.

5.2.4.4 Constraints

No significant constraints have been identified that would preclude implementing restoration plans
for temporarily impacted wetlands.

5.2.4.5 Ecological Assessment of the Mitigation Sites

Ecological conditions in the temporarily impacted wetlands are discussed in detail in the Wetland
Delineation Report (Pararnelrix 2000b). A general description of existing conditions in these
wetlands is included in Section 2 of this report.

5.2.4.6 Temporary Impact Mitigation Design

Mitigation of temporary impacts varies on the nature of the impact, and specific mitigation plans are
included in Appendix D. On completion of construction, all fill material and any construction
material, equipment, or debris will be removed from the wetland.

The area will be regraded if necessary to re-establish pre-disturbance topography. Compacted soils
will be loosened and amended with organic matter to obtain a suitable planting media. Soils
retained for mitigation purposes that are stockpiled for more than 1 year will be treated with
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microbial inocculants or through the addition of well decomposed organic matter. "_Vherealtered,
wetland hydrology will be established in the wetland by directing seepage water to the wetlands via
the drainagechannels.

Wetlands subjected to minor temporary impacts (i.e., installation of sediment or barrier fencing does
not require clearing of vegetation) will be restored by removing construction materials or debris. If
any vegetation is disturbed by construction activities in these areas it will be replaced.

Finally, any areas outside of wetlands or wetland buffers that are disturbed by construction will be
hydroseeded with an erosion control seed mix to stabilize the soils and prevent erosion.
Hydroseeding will also provide ground cover and reduce the amount of habitat available for non-
native weedy species that could affect the success of the wetland mitigation sites.

Mitigation plans for temporary wetland impacts will be coordinatedas needed with the mitigation
actions for the adjacent Miller Creek wetland and riparian buffer enhancement projects (Sections
5.2.1 and 5.2.2).

Wildlife Considerations

Planting plans developed for the temporary impact mitigation are similar to those developed for the
Miller Creek wetland and riparian buffer enhaneernent projects. These plans are consistent with the
Port's WHMP and include species that are not likely to attract hazard wildlife (see Table 5.1-12;
Appendix D, Sheet L1).

Landscape Plan

Native forest and shrub wetland vegetation will be restor&t by planting species such as Sitka spruce,
black cottonwood, we,stem redcedar, Pacific willow, Oregon ash, Pacific ninebark, and Sitka willow
(Figures 5.2-17 and 5.2-18). Landscape plans for restoring temporarily disturbed wetland areas are
shown in Appendix D, Sheet L1. A typical planting plan shows how the wetland areas will be
replanted after construction is completed.

Expected Hydrology

All temporarily impacted wetlands will be restored to pre-disturbance conditions (including
topography) and therefore it is anticipated that hydrology in the restored wetlands will be similar to
pre-construction conditions. The replacement drainage channel system is designed to ensure that
hydrology in wetlands downslope of the embankment will be maintained. Performance standards
andmonitoring for wetlands downslope of the embankment are provided in Tables 5.2-11 and Table
5.2-12.

5.2.4.7 Performance Standard and Contingency

Performance standards, types of parameters measured, and contingency measures for temporary
impact mitigation are listed in Table 5.2-16. The monitoring schedule for temporarily impacted
mitigation sites is provided in Section 5.2.4.9.
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Vegetation

Temporarily impacted wetlands that are replanted will be restored as palustrine forested wetlands
and therefore will be monitored for at least 15 years. Vegetation will be monitored using the
approach outlined in Table 5.2-16 and consistent with the requirements of Ecology (2001a).

5.2.4.10 Site Protection

Areas subjected to temporary impacts will be protected as established in the restrictive covenants
(Appendix (3) andother federal, state, and local regulations that protect wetlands.

5.2.4.11 Maintenance and Contingency Plans

Routine maintenance and contingency measures will be implemented for the temporarily impacted

mitigation sites consistent with the overall approach outlined in Section 4.

Contingency measures for each performance standard for the temporary impact mitigation projects
are listed in Table 5.2-16. Contingency measures will be comistent with the adaptive management
approach outlined in Section 4.

5.2.4.12 Implementation of Replacement Drainage Channel and Temporarily Impacted
Mitigation Projects

The locations of the wetlands subject to temporary impacts and drainagechannel mitigation sites are
shown in Appendix D. Implementation of mitigation activities for temporarily impacted wetlands is
dependent on phasing for construction of the third runway embankment and decommissioning of
temporary stormwater detention ponds for the runway embankment construction. Drainage channel
construction will occur before and during construction of the embankment (approximately 2000 to
2005). Temporary wetland impact restoration will occur immediately after completion of individual
projects impacting wetlands (i.e., South 154thStreet relocation embankment).

Prior to the start of construction, a pre-construction meeting between the contractor, engineer, and
wetland scientist will determine the exact areas needed for construction activities. These temporary
construction impact areas will be located to avoid and minimize impacts to wetlands. Construction
limits will be clearly marked in the field to avoid impacts to wetlands outside the temporarily
impacted areas.

Following construction, all construction debris and equipment will be removed from temporarily
impacted areas. Any temporary access roads will be removed. Any fill material will be removed.
Temporarily impacted areas will be returned to pre-disturbance conditions and drainage channels
will be graded per specifications (Appendix D, Sheets C9 and L1). Soils that have been compacted
by construction activities will be deep ripped if necessary, and will be tilled to a depth of 10 to 14
inches to provide suitable conditions for planting. Disturbed areas will be hydroseeded to stabilize
the soil and native plant species installed to establish forested wetland vegetation (Appendix D,
Sheets C9 and L1). Planting will occur during the early fall following temporary mitigation or
drainage channel construction. Sediment and erosion control measures may be removed 1 full year
after planting if these sites are stable. Replacement drainage channel buffers will also be planted

with native trees and shrubs. Temporarily impacted and drainage channel mitigation sites will be
monitored annually for aperiod of 15 years to ensure they are meeting performance standards.
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5.2.5 Miller Creek Basin Trust Fund for Watershed Rehabilitation

To provide oppommities for additional restoration projects in the Miller Creek basin, the Port will
establish a trust fund to support watershed rehabilitation projects. The tnkst fund will focus on
portions of Miller Creek not owned by the Port, and where the Port is unable to independently
implement stream enhancement projects. The Port will make these trust funds available and defer
the selection of appropriate projects to other governmental agencies or interested groups.
Restorationor enhancementprojects supported by the trust fund arc independent of the
environmental review and permit process for Master Plan Update projects (e.g., CWA 404/401,
HPA), and may require local, state, or federal permits and environmental review.

5.2.5.1 Goal

The goal of this mitigation action is to provide a funding source to local agencies and groups to
enhance instream or riparian habitat for salmonids and other aquatic organisms in the Miller Creek
basin.

5.2.5.2 Description

The trust fund for watershed restoration will provide $150,000 for restoration projects in the Miller
Creek basin. Potential projects eligible for funding by the trust fund are based on information
provided in the Stream Survey Report forMiller Creek (Appendix F of the Final EIS for the Master
Plan Update Projects [Port of Seattle 1997]). The projects identified in Table 5.2-18 are a
preliminary list and are proposed to address habitat problems in Miller Creek identified in the
stream survey. Examples of projects eligible for full or partial funding could include instream
fisheries habitat improvements similar to those proposed for MillerCreek in this plan (see Figures
5.2-8 through 5.2-11), riparian buffer enhancement, removal of fish passage barriers, and removal
of failed septic systems.

While specific projects are not selected, a suite of potential projects is identified with their
respective goals, general performance standards, and general monitoring requirements. Additional
planning and engineering of selected projects will result in specific project designs, performance
standards, monitoring requirements, and contingency measures. Project proponents will be
responsible for obtaining any federal, state, or local permits required to implement the projects.

The trust fund will have a sunset period of 5 years, with the 5-year period beginning once permits
are issued for the Master Plan Update projects. If after a 5-year period trust fund projects are not
designed and environmental permits sought, 29the Port will use the money to implement projects in
the Miller Creek basin that would provide water quality or aquatic habitat benefits. The projects to
be implemented will be at the discretion of the Port, but with approval from Ecology and ACOE.

29 Project proponents will be responsible for obtaining all federal state, and local permits required to implement habitat
enhancement projects.
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5.2.4.8 Implementation

Temporary impact mitigation projects will be coordinated with third runway construction activities,
as well as with Miller Creek riparian wetland and buffer enhancement projects. Implementation of
the replacement drainage channels and the temporary impact mitigation is described in Section
5.2.4.12 below.

5.2.4.9 Monitoring and Performance Standards

The overall monitoring approach for temporary impact mitigation will be consistent with the
monitoring approach outlined for all Master Plan Update mitigation projects in Section 4 of this
plan. Monitoring tasks specific to the temporary impact mitigation projects are described in this
section. Performance standards, methods and parameters, and contingency measmes for the
temporary impact mitigation are listed in Table 5.2-16. The monitoring schedule for temporarily
impacted mitigation sites is provided in Table 5.2-17.

Table 5.2-17. Monitoring schedule for restoration of temporary wetland impacts.

Data Collection Year

Feature Activity Frequency 0 1 2 3 4 5 6 7 8 9 10 12 15

Wetland Groundwater TwiceMonthly X X X X

hydrology monitoring Monthly X X X X

Once winter, late
spring/ early X X X X X X
sua-_aer, and fall

Vegetation Vegetation sampling Once late spring X X X X X X X X X
communities or early summer

WetlandDelineation Onceinspring X X X

Reports X X X X X X X X X

Hydrology

Monitoring of temporarily impacted wetlands, as well as wetlands between the embankment and
Miller Creek, will include evaluating wetland hydrology. To ensure that performance standards are
met, and to aid in determining appropriate contingency measures, monitoring will include a pre-
construction topographic survey and groundwater monitoring. A topographic survey of all wetlands
within the temporarily impacted area will be conducted before grading for the runway embankment.
This survey will be used as a baseline to re-establish pre-construction contours. Shallow
groundwater monitoring wells will be installed within restored wetlands following grading and
planting. Groundwater levels will be monitored at least monthly to determine presence of wetland
hydrology sufficient to maintain existing or planted vegetation. This monitoring will be consistent
with the requirements established by Ecology (2001a).
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5.2.5.3 En_ibmty

The Port or the designated administratorof the trust fund will consider requests for monies from the
watershed trust fundto implement stream habitat enhancement projects. Requests must be made by
King County, City of SeaTac, City of Des Moines, City of Burien, City of Normandy Park, special
districts, tribal governments, non-profit organizations, or combinations of such governments
through inter-local agreements. OrganiT_tions requesting funding must comply with general
liability insurance requirements established by the Port.

Key criteria to be used to evaluate proposals to impl_nent projects in Table 5.2-18, as well as other
projectswithinthewatershed,are:

* A demonstrated benefit to salmon or aquatic habitat without creating significant avian
wildlife habitatwithin 10,000 it of runways at STIA.

• Consistency with watershed management plans, or with prescripfons/recommendafions
identified using watershed analysis or stream assessment procedures.

• Clearly defined project goals, implementation plans, performance standards, and post-
project monitoring.

• Preference for resolving underlying causes of problems rather than treating symptoms.

• Cost-effectiveness.

5.2.5.4 Implementation

The Miller Creek Basin Committee, the King County Watershed Coordinator, Puget Sound
Restoration Fund, or other responsible entity will administer the fund. The admini._tratorwill
establish eligible project criteria, set project cost limits, and set implementation and monitoring
requirements. The Port will review and approve project goals, plans, performance standards, and
monitoring requirements to enhance the ultimate success of the projects. The Port or the
administratorat the Port's request, will provide statusreportsto Ecology and ACOE.

5.2.5.5 Site Protection

Site protection measures for enhancement projects will be coordinated with property owners and the
fund administrator.

5.2.5.6 Monitoring and Contingency Plans

The fund administrator will review project design, implementation, and as-built plans to verify that
intended benefits have been built. Contingency actions associated with establishment or operation
of the fund will be reviewed with the Port, ACOE, Ecology, and the fund administrator.
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5.3 DES MOINES CREEK BASIN RESTORATION PROJECTS

Master Plan Update improvement projects will result in approximately 3.88 acres of permanent
wetland impacts in the Des Moines Creek basin (Borrow Area 1, Haul Road, and SASA; see Table
3.1-2). These unavoidable impacts will result from development of the SASA and excavation in the
borrow areas. Therefore, to mitigate these impacts in the Des Moines Creek basin, the Port
proposes restoration and enhancement projects designed to increase wetland function, enhance
aquatic habitat, and improve stream conditions within Des Moines Creek. These mitigation projects
are designed to ensure that new wildlife hazards are not created near the airport. This integrated set
of projects is designed to meet the following overall objectives:

• Restore wetland functions to a portion of the Tyee Valley Golf Course by restoring a native
wetland shrub community (Section 5.3.1).

• Enhance aquatic habitat and improve stream functions by restoring a forested riparian buffer
along a 870-ff of the west branch of Des Moines Creek, also located on the Tyee Valley
Golf Course (Section 5.3.1).

• Establish a $150,000 trust fund for restoration projects located in the Des Moines Creek
basin (Section 5.3.2).

• Provide for additional stream enhancement projects and local restoration efforts.

• Provide hydrologic mitigation to wetlands in Borrow Areas 1 and 3 (Section 5.3.3).

To provide additional protection to Des Moines Creek, the Port will plant a 100-t_ buffer along Des
Moines Creek from the edge of the wetland mitigation site at the Tyee Valley Golf Course south to
the proposed South Access Freeway ROW.

5.3.1 Tyee Valley Golf Course Area Mitigation Plans

Projects in the Des Moines Creek basin are designed to mitigate unavoidable project impacts to
wetlands and aquatic resources by restoring wetland and stream functions. To mitigate wetland
impacts and improve aquatic habitat in the Des Moines Creek watershed, existing emergent wetland
at the Tyee Valley Golf Course will be enhanced by establishing a native shrub wetland community
(Figure 5.3-1). Approximately 4.5 acres of wetland in the Tyee Valley mitigation area and
approximately 1.0 acre in the west branch Des Momes Creek buffer will be enhanced. This
mitigation will increase infiltration, reduce pollutant runoff, increase sediment retention, improve
nutrient cycling functions in the wetland, and improve water quality and habitat in adjacent Des
Moines Creek. Replacing the existing golf course turf grass by planting a native shrub community
will also decrease hazard wildlife attractants within 10,000 ft of the airfield (as required by the
FAA) by reducing waterfowl use of the golf course.

To enhance water quality and aquatic habitat in Des Moines Creek, approximately 5 acres of buffers
will be established along Des Momes Creek at the Tyee Valley Golf Course (see Table 4.1-3). A
100-ft buffer (approximately 3.4 acres) on both sides of the west branch of Des Moines Creek (see
Figure 5.3-1) and approximately 1.6 acres within the Tyee Valley Golf Course mitigation area will
be enhanced. These buffers will be planted with native forested and shrub riparian vegetation.
Species planted in the buffer will be selected to avoid attractants to hazard wildlife, consistent with
the Port's WHMP.
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Enhancement of this buffer will increase infiltration in the buffer area; reduce sediment, nutrient,

and pollutant inputs to the stream; and provide shade, LWD, and organic matter inputs to Des
Moines Creek.

5.3.1.1 Goals, Objectives, and Design Criteria

The following section describes the goals, objectives, and design criteria identified for the Des
Moines Creek projects. Goals identified for this plan include:

u Establish a total of 5.5 acres of native shrub wetland in a curr_fly degraded emergent

wetland (i.e., golf course turf). This action will improve water quality, fish habitat, and
stream conditions in Des Moines Creek (4.5 acres in Tyee Valley Golf Course mitigation
areaand about 1.0 acre in west branch Des Moines Creek buffer; see Table 4.1-3).

• Reduce hazard wildlife (e.g., Canada goose and other waterfowl species) use of the golf
course area by replacing turf grass wetland with shrub wetland.

• Improve water quality and aquatic habitat in Des Moines Creek by planting a 100-fl forested
buffer along both banks of an 870-fl section of Des Moines Creek adjacent to the wetland
rrfitigation.

• Improve water quality and aquatic habitat along other areas of Des Moines Creek that are
outside the proposed SR 509 ROW.

Specific design objectives and criteria developed to ensure that the Des Moines Creek projects meet
mitigation goals are listed in Table 5.3-1.

Table 5.3-1. Mitigation goals, design objectives, and design criteria for wetland and buffer enhancement on the
Tyec Valley Golf Course.

Goals and Design Objectives Design Criteria

Goal 1: Enhance degraded wetlands to provide improved water quality and aquatic habitat functions to Des Moines
Creek

Enhanceexistingmrf-dominatcdwetlandPlant5.5acresofthegolfcoursewetlandwithnativewetlandshrubspccms
attheTyeeValleyGolfCourse. (includewetlandareaonleftandrightbankwestbranchDesMoinesCreek).

Shrubandsmallu-ccdensitywillbe3,375individualsperacre.

Goal 2: Reduce waterfowl use of the golf course area

Reduce habitat value of the mitigation area Plant area with shrub vegetation to discourage use of wetland by waterfowl,
for waterfowl, improving aircraftsafety.

Goal 3: Improve water quality and aquatic habitat in Des Moines Creek by restoring riparian buffers.

Establish and protect l00-fl-wide npanan Plant 100-fl-wide riparianbuffers on each side of Des Moines Creek
buffers. (approximately 3.38 acres of buffer area).

Plant native riparian forested and shrub plant species within the lO0-fl buffer
along Des Moines Creek.
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5.3.1.2 Mitigation Site Descriptions

Tyee Valley Golf Course

The Tyee Valley Golf Course is an active golf course located at the southern end of the STIA
runways (see Figure 2.1-1). The golf course occurs in the eastern portion of Wetland 28, an
approximately 35-acre wetland complex associated with the Northwest Ponds and the west branch
of Des Momes Creek. The portion of the wetland associated with the Northwest Ponds (west of the

golf course) contains forest, shrub, emergent, and open-water wetland habitat. The golf course
portion of Wetland 28 contain_ an approximately 9.75-acre emergentturf grass wetland. Wetland
enhancement will occur in emergent turf grass wetland (see Figure 5.3-1). A detailed description of
Wetland 28 is provided in the Wetland Delineation Report (Parametrix 2000b).

Des Moines Creek

The west branch of Des Moines Creek originates at the Northwest Ponds or Wetland 28 (see Figure
2.1-3). The Northwest Ponds, located southwest of the existing runways between South 192nd
Street and South 196thStreet, were excavated as a source of peat by the previous property owners,
and subsequently incorporated into the airport's stormwater management system. The east fork of
Des Moines Creek originates in Bow Lake, east of the airport, and flows south, mostly via closed
pipes, to the Tyee Valley Golf Course detention pond (Tyee Pond; Wetland 52). From Tyee Pond,
the east branch flows through a culvert to join the west branch of the creek southeast of the
proposed wetland mitigation site (see Figure 5.3-1). South of the confluence, Des Moines Creek
flows through the Tyee Valley Golf Course to South 200thStreet and then generally south to Puget
Sound.

5.3.1.3 Ownership

The Port owns the property in the Des Moines Creek mitigation areas (i.e., golf course, buffer zone
of Des Moines Creek). The golf course is currently leased to a golf course operation, which will
cease operations before implentation of the mitigation plan.

5.3.1.4 Rationale for Selection

The Des Moines Creek mitigation projects provide an opportunity to mitigate wetland impacts on-
site in the Des Moines Creek basin. Mitigation will occur by restoring portions of a historic peat
wetland adjacent to the upper reaches of Des Moines Creek, enhancing riparian buffers along Des
Moines Creek, and mitigating potential indirect impacts to wetlands downslope of the project area.

Historic land uses have resulted in converting a native peat wetland to a golf course, as well as
replacing forested wetlands and riparian areas along Des Moines Creek with open turf grass areas or
areas of non-native invasive species. These alterations have degraded aquatic habitat in Des Moines

Creek, increased sediment and nutrient inputs to the stream, and removed the buffering influence of
riparian vegetation. Using the Tyee Valley Golf Course as a mitigation site provides a unique
opportunity to enhance an existing wetland and restore a native wetland shrub habitat adjacent to a
salmon-bearing stream. This mitigation site also provides the opportunity to improve the aquatic
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habitat of Des Moines Creek by reducing pollutant runott_ increasing sediment reWntion, and
increasing nutrientcycling by restoring both wetlands andriparian buffers along the stream.

Finally, the turf grass and seasonal flooding that occur on the Tyec Valley Golf Course attract a
large number of waterfowl (e.g., Canada geese and American widgeon) that forage on the mowed
lawn of the golf course. These waterfowl pose a threatto aircraft operation and safety; establishing
shrub vegetation will eliminate waterfowl from portions of the golf course and reduce aviation
hazards.

5.3.1.5 Constraints

Mitigation design for these projects is constrained by the proximity of the mitigation sites to the
airfield and runways. Proximity to the airfield affects the choice of plant species used in the design
to ensure that wildlife hazards are not created. The size of buffer areas is constrained by nearby
RSAs and embankments. Two separate and unrelated construction projects are also potential
constraints that have affected the design and implementation of the Des Moines Creek projects.
These projects are the King County RDF proposed at the Northwest Ponds and the Washington
State Department of Transportation (WSDOT) SR 509 extension and South Access Freeway.

These constraints will not prevent the plan from being implemented, but they could affect
implementation steps (e.g., construction sequencing) or design (e.g., protective barriers around
mitigation plantings). In addition, concerns have been raised by ACOE and Ecology regarding the
hydrology of the wetland mitigation area. Although this is not a constraint on the mitigation, these
concerns are addressed in this section. Finally, there are no constraints on mitigation for indirect
hydrology impacts at the borrow areas.

Buffer Size

Site constraints preclude the installation of extensive forested buffers around the wetland mitigation
site. Within the wetland mitigation site itself, there are shrub buffers on the north side of the
enhanced wetland edge and the surrounding golf course (Appendix C, Sheet C2). On the south side,
100-ft buffers along Des Moines Creek will protect the wetland mitigation site and the stream.
Wetland buffers cannot be enhanced east of the wetland mitigation site because these areas are
within designated RSAs and runway embankment. In this area, emergency and non-emergency
access, flexibility to maintain or modify vegetation, vegetation height limits, and the flexibility to
maintain or supplement navigation equipment or other airfield facilities must be retained for the safe
operation of the airport. However, these restrictions will preclude high-impact uses near the
wetland mitigation site, thereby providing an effective land use barrier.

Wildlife HnT_rds

The FAA and USDA-WSD staffs have evaluated the mitigation proposed for the Des Moines Creek

basin for potential wildlife hazards to aviation. These agencies have determined that the mitigation
results in a decrease in wildlife hazards near the airfield. New road construction (i.e., SR 509
extension and South Access Freeway) near the airport is not expected to increase wildlife hazards.
Overall, modification of waterfowl habitat by the Port's mitigation (planting of existing emergent
wetlands and buffers with shrub and forested vegetation) will reduce wildlife hazards.

Natural Resource Mitigation Plan 5-134 November 2001

Seattle-Tacoma International Airport 556-2912-001 (03)
Master Plan Update

AR 029526



Site Hydrology and Relationship to the King County/Des Moines Creek Regional Detention
Facility

Hydrology

The Tyee Valley Golf Course wetland mitigation will occur on an existing peat wetland that
historically supported forested and shrub vegetation. Existing soils and hydrology on the site would
support forested or shrub wetland under existing conditions, in the absence of active measures to
maintain the emergent turf grass vegetation of the golf course. Existing wetland conditions at the
mitigation site are maintained by high groundwater and by precipitation during the winter months.
Grading will not be necessary to create the hydrologic conditions necessary to restore shrub
wetlands at the Tyee Valley Golf Course site because the site already has wetland hydrology
sufficient to support native shrub wetlands.

Regional Detention Facility

The Des Moines Basin Planning Committee identified a preferred altemative for the RDF in
November 1999. The objective of the RDF is to control erosive flows reaching Des Moines Creek
and thereby restore salmon habitat (King County Capitol Improvement Project Design Team 1999).
The proposal includes increasing storage capacity in the Northwest Ponds and some channel
reconstruction in Des Moines Creek to deepen the channel south of the wetland mitigation site.

Wetland hydrology of the mitigation site will not be affected by the operation of the RDF because
hydroperiods within the mitigation site will not be significantly affected by the RDF. The Tyee
Valley Golf Course currently is inundated by overbank flow firomDes Moines Creek to some extent
during flood events. The 100-year floodplain of Des Moines Creek (under existing conditions) is
entirely within the mitigation site, and within the boundaries of Wetland 28 (Appendix C, Sheet
C3). Construction of the RDF will result in a slight decrease in flooding on the mitigation site
because of proposed reconstruction of the stream channel adjacent to the mitigation and increased
water storage in Wetland 28.

Using data fi'om the King County RDF plan (King County Capital Improvement Design Team
1999), King County compared current water levels on the mitigation site as a result of the lO-year,
25-year, and 100-year floods, with water levels predicted to occur during these flood events after
construction of the RDF. In all cases, water levels and the extent of inundation on the site are

somewhat lower with the proposed RDF than under current conditions (Appendix C, Sheets C3 and
C4). For example, under existing conditions without the RDF, 100-year flood elevations are
approximately at the 250.5-fl contour, while with the RDF, the 100-year flood elevations are a foot
lower, at the 249.5-fl contour. Under existing conditions, inundation by the 100-year flood at the
mitigation site is approximately 3.1 acres, while with the RDF in operation, the 100-year flood
would inundate approximately 2.1 acres. Therefore, construction of the RDF will slightly decrease
inundation of the site during flood events. However, because wetland hydrology on the site is not
driven by flood events, this decrease will not affect implementation of the mitigation plan. Even
with the slightly lower levels of inundation during flood events predicted after construction of the
RDF, the Tyee site will support the planned wetland shrub vegetation. The site will continue to
support wetland vegetation and hydrology because the current wetland is maintained by a high
groundwater table that results in saturated soil conditions, and not by overbank flooding.
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The preferred alternative for the RDF includes a berm adjacent to the west side of the Tyee Valley
Golf Course mitigation site and enhancement of a portion of Des Moines Creek south of the
wetland mitigation site (Appendix C, Sheet C2). The Port will protect the wetland mitigation site
from RDF construction by placing sediment fencing or other TESC measures, and orange barrier
fencing at the edge of the mitigation site to ensure that any potential impacts from construction are
avoided. Protection will include ecology blocks or rock gabions to protect the wetland mitigation
site during RDF construction to ensure that construction equipment does not enter the wetland
mitigation site or riparian buffer.

Riparian buffer enhancement (the area extending a horizontal distance of 100 ft from the OHWM of
the stream or fi'om the edge of riparian wetlands, whichever is greater) along Des Moines Creek will
he coordinated with construction of the RDF and will be planted by the end of 2004.

SR 509 Extension/South Access Freeway

The WSDOT SR 509 extension and South Access Freeway project will not constrain

implementation of the Port's mitigation plan in the Des Moines Creek basin. These two projects
involve extending SR 509 south of the proposed RDF and constructing an access road between SR
509 and the airport terminal ramps. All wetland mitigation has been designed to avoid conflicts
with the preferred alternative for these projects.

The Port's proposed mitigation at the Tyee Valley Golf Course and along Des Moines Creek avoids
the preferred alternative for SR 509 and the South Access Freeway (Appendix C, Sheet C2).
Surface water runoff from these roadways can be collected, treated, and diverted to prevent runoff
impacts to the mitigation sites. Therefore, these projects will not affect the hydrologic or riparian
functions desired for the mitigation site.

Other Utilities

A concern for this mitigation area has been the presence of an IWS discharge line and sewer line
easement owned by the Midway Sewer District. Occasional maintenance of this line will be
required within the 20-ft easement, and this maintenance 3° could prevent mature vegetation from
developing within the easement (see Appendix C, Sheet C2 for location of these lines). For these
reasons, the area of the easement is removed from the mitigation buffer, and equivalent area that can

be fully protected from future disturbance has been added to the mitigation area. As a result, the
presence of the sewer line will not reduce or alter the ecological functions derived from the
mitigation. Its presence has, in fact, increased the area of land set aside for protection.

30Sewer lines generally have a design life m excess of 50 years, and rarely require maintenance or fail. Therefore, the
potential for disturbance of the easement area is small and infrequent. Furthermore, if leaks were to develop m the line,
there are methods to repair and rehabilitate sewer lines m-situ with no disruption of surface soils. These methods ea_iploy
installation of new pipe sleeves or pipe liners within the existing pipe. Installation is done through existing manholes
without soil excavation. These are the preferred methods for rehabilitating sewer lines, and are routinely used by large
and small sewer utilities. The easement width of 20 ft provides a sufficient construction work area for maintenance,
repair, or replacement activities.
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5.3.1.6 Ecological Assessment of the Mitigation Area

Detailed additional dcscTiptions of wetlands, borrow areas, and Des Moines Creek in the mitigation

projects area are provided in the Wetland Delineation Report (Parametrix 2000b). The following
sections summarize the existing conditions of these areas.

Des Moines Creek

The west branch of Des Moines Creek originates at the Northwest Ponds and flows through the golf
course to the eontluence with the east branch; the main channel then flows south to Puget Sound.

The channel and riparian zone of Des Moines Creek upstream of South 200th Street have been
significantly altered as a result of golf course development. Des Moines Creek is on the 303(d) list
for fecal coliform of unknown origin. The channel substrate in the reach of Des Moines Creek
through the golf course is predominantly composed of sands and silts, with some scattered areas of
gravels and cobble, and some areas of heavy accumulation of firm sediments. Riparian vegetation
along Des Moines Creek in the golf course area is primarily tttrf grass. Between the confluence and
South 200th Street, there is an approximately 25-ft-wide riparian zone vegetated with trees and
shrubs. Existing riparian vegetation provides very little shade or organic matter inputs to Des
Moines Creek.

Tyee Valley Golf Course Wetland (Wetland 28)

Historically, the Tyee Valley Golf Course was a peat wetland, most of which was farmed until
about 1970. At this time, portions of the original wetland were converted to golf course and
stormwater management ponds.

Vegetation

The proposed wetland mitigation site is located on an active golf course consisting primarily of
fairways, greens, and roughs. Several roadways used for emergency access or golf cart roads are
constructed on fill and cross the mitigation site. Vegetation on the Tyee Valley Golf Course is
predominantly non-native turf grasses (e.g., Poa sp., Agrostis sp.), with scattered patches of
coniferous and deciduous trees. No native wetland plant communities currently exist on the golf
course. Portions of Wetland 28 to the west of the proposed mitigation site are dominated by native
shrubs such as Pacific and Sitka willows and red elderberry (Sambucus racemosa), with some
scattered trees such as black cottonwood and red alder.

Soils

In the golf course area of Wetland 28, the wetland soil is primarily a black or dark brown histic peat
to a depth of greater than 18 inches. Small areas of the site consist of very dark gray silty loam
mineral soils, or very dark mucks and loams (Parametrix 2000b). Upland soils are very dark
grayish brown silty loarns.

Hydrology

Hydrology within the wetland is maintained by a high groundwater table, occasional flooding from
Des Moines Creek, and precipitation. Wetland hydrology in the western portion of the golf course
is supported by groundwater and some overbank flow from Des Moines Creek. Wetland hydrology
in the eastern portion of the wetland is primarily maintained by shallow groundwater and
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precipitation that perches above a relatively impermeable layer of clay. Groundwater seeps are also
found along the northern arm and in the southwest portion of the wetland. Soils in these wetland
areas are typically saturated to the surface duringthe fall, winter, and spring months.

5.3.1.7 Mitigation Design

Tyee Valley Wetland Mitigation

The design for the wetland niitigation site is to plant a minimum of 4.5 acres of the golf cota,se area
wetland, which is currently dominated by non-native turf grass, with native shrub species (see
Figure 5.3-1; Appendix C, Sheets C2 and L1). Additionally, approximately 1.6 acres of upland area
adjacent to the wetland will be planted with native shrub species.

Reduced use of the site by geese following conversion of the golf course to shrub wetland will
reduce inputs of fecal coliform and nutrients to the stream. In addition, planting the golf course with
native shrubs, as well as establishing a forested/shrub buffer along Des Moines Creek, will increase
nutrient cycling and retention in the buffer and is likely to further reduce nutrient inputs to the
stream.

Clearing and Site Preparation

The design for the wetland mitigation site does not include significant changes to site topography by
grading or excavation. Prior to installing plants, culverts and golf cart roads will be removed.
Minor grading may take place attendant to the rea-_ovalof golf course roads and existing culverts.
Appropriate TESC measures will be installed priorto site preparationor clearing activities to protect
the adjacent wetland and stream.

Expected Hydrology

The wetland enhancement area typically would be saturated to the surface during the fall, winter,
and spring months. Soil saturation and wetland hydrology, which is maintained by high seasonal
groundwater levels, will not be affected by the mitigation design. As discussed previously under
Constraints, if the RDF is constructed, maximum flood levels will be slightly lower than they are
now.

Landscape Plan

The planting plan consists of native shrub or small tree species that tolerate water level fluctuations,
tolerate saturated soils during the fall-spring months, are typically found growing in peat soils, and
are unlikely to attract significant numbers of avian wildlife (see Section 5.1.2.8; Appendix C, Sheet
C2 and L1). Species tolerant of such conditions include hardhaek and willows (Taylor 1993).
Pacific willow, Sitka willow, and hardhack commonly occur in floodplain wetlands and are tolerant
of flooding and inundation for prolonged periods. Plants will be installed in patches of varying
species compositions and heights to provide the mosaic of vegetation heights that is consistent with
reducing hazard wildlife attractants(USDA 2000).

The landscape plan for the area shows that the planting of conifer trees is phased (see landscape
design sheets in Appendix C). It is anticipated that these conifers would be planted in a second
planting phase coincident with replacement plantings that may be required to meet the year three
performance standard for plant survival. At this time, the conifer species would be planted. The
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trees will be positioned such that they receive some shade from adjacent plants (trees, shrubs, and
groundcover). For the first growing season following this planting, soil moisture conditions will be
examined closely, and the use of the temporary irrigation system may be used to reduce mortality
and promote growth.

A temporary irrigation system may be installed in the drier portions of the golf course mitigation
site to provide flexibility in planting schedules and to optimize growth rates during the initial plant
establishment phase. Irrigation would use municipal water purchased by the Port. Irrigation will be
used only during the plant establishment phase and will be removed after plant survival standards
have been met. Irrigation will likely be used during the June through September time period,
depending on weather conditions. Application rates are planned to be less than agronomic rates, but
sufficient to reduce plant mortality and promote plant growth during the first season following
planting.

Des Moines Creek Buffers

The reach of the west branch of Des Moines Creek south of the Tyee Valley Golf Course wetland
mitigation site will be enhanced by planting native riparian trees and shrubs along both banks of the
stream (Appendix C, Sheet C2). The riparian buffers will extend 100 fi from the OHWM of the
stream or the edge of the riparian wetland, which ever distance is greater. Buffer plants will include
black cottonwood, red alder, western redcedar, vine maple, and Nootka ruse (Rosa nutkana).

A temporary irrigation system will be installed in the Des Moines Creek buffer to provide flexibility
in planting schedules and optimize growth rates during the initial plant establishment phase.
Irrigation will be provided by municipal water purchased by the Port. Irrigation will be used only
during the plant establishment phase and will removed after plant survival standards have been met.
Irrigation will likely be used during the June through September time period, depending on weather
conditions. Application rates are planned to be less than agronomic rates, but sufficient to reduce
plant mortality and promote plant growth during the first season following planting.

5.3.1.8 Performance Standard and Contingency

Performance standards, variables to be evaluated (e.g., survival, cover), and specific contingency
measures for Des Moines Creek projects are included in Table 5.3-2. The monitoring schedule is
presented in Table 5.3-3.

5.3.1.9 Implementation of Des Moines Creek Projects

The Tyee wetland mitigation and Des Moines Creek buffer enhancements will be coordinated with

construction of the RDF. The Port will protect the mitigation sites from RDF construction impacts
by placing TESC measures and orange barrier fencing at the edge of the mitigation sites. Ecology
blocks will be used to further protect the mitigation sites from RDF construction impacts.
Inspections will take place throughout the mitigation construction period to ensure that plans are
being implemented as specified, permit conditions are met, and BMPs are installed and operating
properly.

A proposed implementation plan for Tyee Wetland Mitigation and Des Moines Creek buffer

commencements is presented in Table 5.3-4. Plants in both the wetland mitigation and riparian
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buffer projects will be installed to reduce hazard wildlife attractants. A landscape architect or
wetland scientist will observe plant installation to ensure that plants are installed correctly and
according to the plans and specifications.

Plant material used in the mitigation will be obtained from commercial nurseries. Nurseries will be

required to certify that the plant material is legally procured and from the appropriate geographic
source. The appropriate geographic source for plant material used in the mitigation is defined as the
area that is bounded on the north by the Fraser River Valley, B.C.; on the east by the 1,000-ft
elevation of the Cascades; on the west by the 1,O00-tt elevation in the Olympic or Coast ranges; and
on the south by the Willamette Valley.

5.3.1.10 Construction Steps

General Conditions

• On award of the contract, the contractor will provide the Port with any required pre-
construction submittals, work plans, and schedules.

• A pre-construction meeting will be held with the contractor, architect/engineer, and wetland
scientist to review submittals, work plans, schedules, and permit conditions.

• The contractor will be responsible for ensuring that the work is performed in compliance
with all permit conditions and shall maintain a copy of permits on-site.

• Work will be coordinated to avoid re-entry and damage to areas that have previously been
planted; work will be conducted so that no oth6r work will impact completed landscape
work.

• Areas where any landscape work has been completed will be off-limits to all vehicular
traffic, and pedestrian traffic will be strictly limited.

Pre-eonstruetion Meeting and Site Preparation

• Establish vertical and horizontal site controls and maintain through construction to record
drawings.

• Identify and flag limits of work for mitigation site.

• Identify staging areas, stockpile areas, and temporary access/haul roads.

• Implement TESC plan and install TESC measures.

• Install orange barrier fencing around the site and any vegetation to be protected.

• Install fencing and TESC measures around wetlands to be avoided in borrow areas.

• Maintain security of site through construction.

• Implement a spill control plan and identify fueling areas if needed.

Clearing, Exeavation_ and Grading

• Clear roads and/or culverts from the wetland mitigation site; clear and grub the riparian
buffer site.

Natural Resource Mitigation Plan 5-143 November 2001

Seattle-Tacoma International Airport 556-2912-001 (03)
Master Plan Update

AR 029535



• Install hydrology monitoring wells at the wetland mitigation site.

• Prepare grading record drawings; modify planting plans as needed to match as-built grades
and site conditions.

Irrigation and Landscaping

• Install and test irrigation (irrigation will be designed for the wetland mitigation and buffers;
however it may not be needed at the wetland mitigation site).

• Apply hydroseed to any areas of exposed soils.

• Winterize the irrigation system.

• Plant shrub wetland and forested buffer vegetation in fall/winter following grading.

Closeout

• Complete site cleanup by removing temporary haul/access roads and staging areas.

• Remove construction equipment and debris.

• Hydroseed and/or install plants in temporary staging areas or access roads within the
mitigation site boundaries.

• Hydroseed erosion control mix in temporary staging areas/access roads outside the
mitigation boundaries.

• Install permanent fence and/or signs along mitigation site boundary.

• Install barrier fencing, rock gabions, or ecology blocks at the mitigation site boundary if
necessary to protect the site from RDF construction activities.

Record drawings, Monitoring, and Maintenance

• Produce grading and planting record drawings for wetland mitigation site and riparian
buffers.

• Complete a baseline report, including record drawings and final monitoring plan (e.g.,
locations of monitoring plots, baseline conditions), for the wetland site, riparian buffers, and
borrowareas.

• Begincompliancemonitoringduringfirstgrowingseasonafterplanting(orexcavationfor
borrowareas)iscomplete;submitannualmonitoringreportsfor15-yearmonitoringperiod.

• Conductmaintenance(e.g.,weed management,WHMP) and implementany necessary
contingencymeasurestomcctperformancestandards.

5.3.1.11 Monitoring and Performance Standards

Monitoring for the Des Moines Creek projects will be performed consistent with the approach,
methods,andscheduleoutlinedinSection4 ofthisreport.The focusofmouitoringfortheDes
Moines Creek basin mitigation projects will be to:

• Evaluate the establishment of native wetland and riparian vegetation in the Tyee Valley Golf
Course wetland and the Des Moines Creek buffers.
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• Monitor groundwater and surface water levels at the Tycc Valley Golf Course wetland
mitigation site.

Hydrology, vegetation, and hazard wildlife monitoring will be conducted consistent with the
approach and methods described in Section 4. Groundwater monitoring will be conducted on the
Tyee Valley Golf Course mitigation site to evaluate seasonal variation in groundwater levels on the
site.

Hydrologic Monitoring

A series of permanent shallow groundwater monitoring wells will be installed in the enhanced
wetland area at the Tyee Valley Golf Come to evaluate seasonal variation in groundwaterlevels on
the site. Groundwater levels will be recorded monthly for the first 5 years of mitigation and every
other month thereaRer. The exact number and location of the wells will be determined after

location of the enhancement area has been established. Wells will be installed by a licensed well
drillerandrecordedwithEcology.

VegetationMonitoring

The plantingsattheTyee ValleyGolfCoursewetlandmitigationsiteandwithintheDes Moines
Creekriparianbufferwillbe monitoredovera minimum 15-yearperiodthatbeginswhen plant
installationiscomplete.Monitoringactivitieswilltakeplaceinyears0,l,2,3,5,7,9,I0,12,and
15todetc_rfinespeciescomposition,survivorship,height,percentcover,density,andgeneralhealth
and vigor(seeTable 5.3-3).Specificperformancestandards,parametersto measure,and
contingencymeasuresfortheDes MoinesCreekprojectsareprovidedinTable5.3-2.Vegetation
monitoringwillfollowstandardvegetationsamplingprotocolsasdescribedinSection4.

WildlifeMonitoring

The Portwillperformwildlifemonitoringin the wetlandenhancementareaaccordingto
requirementsof theWHMP CUSDA 2000). Based on theresultsof thewildlifemonitoring,
alterationsto vegetationor hydrologicconditionsmay be necessaryto comply with FAA
rcquircrncntsandtheWHMP.

5.3.1.12 Site Protection

The Port will execute and file a restrictive covenant for the Des Moines Creek mitigation area.
Copies of proposed restrictive covenants are included in Appendix G.

The boundaries of the mitigation area and buffers shall be permanently marked with stakes at least
every 100 feet or with fencing. The marking shall include signage that clearly indicates that
mowing and fertilizer/pesticide applications are prohibited within mitigation areas. The details of
fencing and signage are provided in Appendix P.

5.3.1.13 Maintenance and Contingency Plan

Routine maintenance tasks (e.g., maintaining irrigation system, removing trash) and adaptive

management/contingency measures (e.g., weed management, replacing plants) will be required
during the monitoring period. Routine maintenance and contingency measures will be implemented
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consistent with the approach described in Section 4. Specific contingency actions for each wetland
andriparianbuffer performance standardare listed in Table 5.3-2.

5.3.2 Des Moines Creek Basin Trust Fund for Watershed Rehabilitation

To provide oppommities for additional restoration projects in the Des Moines Creek basin the Port
will establish a trust fund to support watershed rehabilitation projects. The trust fund will focus on
portions of Des Moines Creek not owned by the Port, andwhere the Port is unable to independently
implement stream enhancement projects. The Port will make these trust funds available and defer
the selection of appropriate projects to other governmental agencies or interested groups.
Restoration or enhancement projects supported by the trust fund are independent of the
environmental review and permit process for Master Plan Update projects (e.g., CWA 404/401,
HPA), and may require local, state, or federal permits or environmental review.

5.3.2.1 Goal

The goal of this mitigation action is to enhance insueam or riparian habitat for salmonids and other
aquatic organisms of Des Moines Creeks on land not owned by the Port.

5.3.2.2 Description

The trust fund for watershed restoration will provide $150,000 for restoration projects in the Des
Moines Creek basin. Project information for potential projects eligible for funding by the mast fund
is based on information provided in the Des Moines Creek Basin Plan (Des Moines Creek Basin
Committee 1997) (Table 5.3-5). The trust fund will be established by the Port to fund watershed
projects that result in direct habitat benefits to aquatic life in the streams or to remove documented
water quality impacts.

Examples of projects eligible for full or partial funding include instream fisheries habitat
improvements (e.g., see Figures 5.2-8 through 5.2-11), riparian buffer enhancement, removal of fish
passage barriers, and removal of failed septic systems. Additional planning and engineering of
selected projects would result in specific project designs, performance standards, monitoring
requirements, and contingency measures. Project proponents will be responsible for obtaining
federal, state, or local permits required to implement projects.

The trust fund will have a sunset clause of 5 years following issuance of Master Plan Update31
permits. If, after a 5-year period, projects are not designed and permits have not been sought, the
Port will use the money to implement those project(s) identified in the Des Moines Creek Basin
Plan that provide water quality or aquatic habitat benefits. The project(s) to be implemented will be
at the discretion of the Port, but with approval from Ecology and ACOE.

31Theprojectprot_nentswill be responsiblefor obtainingfederal state, and localpermitsrequiredto implementthe
projects.
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5.3.2.3 Eligibmty

The Port or a designated admJnJsu_r will consider requests for monies from the watershed mzst
fund to implement stream habitat enhancement projects. Requests must be made by King County,
the cities of SeaTac or Des Moines, tribal governments, non-profit organizations, or combinations
of such governments through interloeal agreements (ILAs). Organizations requesting funding must
comply with general liability insurance requirements established by the Port.

Key criteria to be used in evaluating proposals to implement projects in Table 5.3-5, as well as other
projects within the watershed, include the following:

• A demonstrated benefit to salmon or aquatic habitat without creating significant avian
wildlife habitat within 10,000 fl of runways at STIA.

• Consistency with watershed management plans, or with preacriptions/recommendations
identified using watershed analysis or stream assessment procedures.

• Clearly defined project goals, implementation plans, performance standards, and post-
project monitoring.

• Preference for resolving underlying causes of problems rather than treating symptoms.

• Cost-effectiveness.

5.3.2.4 Implementation

The Des Moines Creek Basin Committee, the King CountyWatershed Coordinator, Puget Sound
Restoration Fund, or other responsible entity villadministerthe fund. The administrator will
establish eligible project criteria, application forms, project cost limits, implementation and
monitoring requirements, etc. The Port will review and approve the project goals, plans,
performance standards, and monitoring requirements to enhance the ultimate success of the projects.
The Port, or the administrator at the Port's request, will provide status reports to Ecology and
ACOE.

5_3.2.5 Site Protection

Site protection of enhancement projects will be coordinated with property owners and the fund
administrator.

5.3.2.6 Monitoring and Contingency

The fund administrator will review project design, implementation, and as-built plans to verify that
the project is built as intended. Contingency actions associated with establishment or operation of
the fund will be reviewed with the Port, ACOE, Ecology, and the fund administrator.

NaturalResourceMitigationPlan 5-148 November2001
Seattle-TacomaInternationalAirport 556-2912-001(03)
MasterPlanUpdate

AR 029540



5.3.3 Preventing Indirect Impacts to Wetland Near Borrow Areas I and 3

Mitigation to prevent indirect impacts to wetlands near Borrow Areas 1 and 333 is described in this
section. Borrow Areas 1 and 3 will be excavated to provide fill material for the third runway and
embankment construction (see Figure 4.1-2). Borrow area excavations have been designed to the

extent practicable to avoid direct impacts to wetlands. Hydrological studies conducted by Hart
Crowser (Hart Crowser 2000b,c, 2001b) indicate that the potential for indirect impacts to the
hydrology of wetlands near the borrow areas is low. To further avoid and minimize potential
indirect impacts, mitigation actions and monitoring is planned. Mitigation consists of drainage
systems that collect surface runoff and/or groundwater seepage and direct this water to the wetlands.

Following construction, groundwater levels will be monitored in wetlands near the borrow areas to
verify that wetland hydrology is present and able to maintain existing vegetation (Table 5.3-6).

Actions taken to avoid, minimize, and mitigate potential indirect impacts to wetland hydrology
adjacent to the borrow areas are not included in the calculation of mitigation credit for the Master
Plan Update projects. Wetlands subjected to hydrologic monitoring are:

Borrow Area 1: Wetlands B1, B4, B12, B15, 32, 48

Borrow Area 3: Wetlands B5, B6, B7, B9, B10, 29, 30.

5.3.3.1 Borrow Area Site Descriptions

The borrow areas are located south of the airfield between 24th Avenue South and 15 thAvenue
South, and between South 200thStreet and South 216th-street (see Figure 1.3-1). Most of these
areas were formerly residential neighborhoods. Between 5 and 20 years ago, the area was acquired
and cleared as part of STIA's noise abatement program.

Borrow Area 1 is located east of Des Moines Creek. The area slopes toward Des Moines Creek.
Nine wetlands are located in Borrow Area 1 (Wetlands B1, B4, Bll, B12, B14, B15a, Bl5b, 32,
and 48).

Borrow Area 3 is located west of Des Moines Creek. The borrow area is bordered on the west by a
relatively level plateau that slopes steeply down to a series of depressions in the southeast portion of
the borrow area (Appendix H, Figure 1). The northem half and the western edge of the borrow area
are high points approximately 40 ft to 120 ft higher than the low point in the southeast comer. Eight
wetlands occur in Borrow Area 3 (Wetlands B5, B6, B7, B9a, B9b, B10, 29, and 30).

5.3.3.2 Hydrology of Borrow Area Wetlands

Borrow Area 1 contains wetlands whose hydrology is maintained by both groundwater and
precipitation-sources. Wetlands B1, B11, B14, and 32 are depressional wetlands maintained by
precipitation and surface water runoff. Wetlands B4, B12, B15, and 48 are slope wetlands
maintained by groundwater seepage. Water surfacing in these slope wetlands flows downslope to
Des Moines Creek. Surface water hydrology in the general vicinity of Borrow Area 1 has been

32ThehydrologyinWetland28,locatednorthofBorrowArea4, willalsobe monitored.
33The hydrology m Wetland 28, located north of Borrow Area 4, will also be momtored.
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altered by the system of storm dr_in_,culverts,and drainage ditches constructed when the area was
developed. Since clearing the area for the noise abatement program,these surface drainage features
have been abandoned and have deteriorated to such an extent that past drainage patterns are
changing.

Wetland29 occursonthe hillsideat the westedgeof the BorrowArea3. Hydrologyin thiswetland
is supportedby groundwat_seepsdischargingon the faceof the slopefrom a zone of perched
groundwater that extends to the north and west (Hart Crowser 2000b, c; 2001b; Appendix H).
Wetlands 30, B7, B6, and B5 occupy a series of depressions in the lower southeastern comer of
Borrow Area 3. These wetlands may be supported by some shallow subsurface flow or interflow
moving downslope from Wetland 29 (Hart Crowser 2000b,c), and by precipitation. Since these
wetlands occur below the main perched groundwater layer on this site, the perched groundwater is
available to continue to support wetland hydrology. Water is held in these wetlands by the
relatively impermeable soils lining the depressions, promoting shallow perched conditions (Hart
Crowser 2000c).

5.3.3.3 Actions to Avoid, Minimize, and Mitigate Indirect Impacts

Borrow Area 1

The excavation in Borrow Area 1 has been designed to avoid direct impacts to Wetlands B 1, B4,
B15a, B15b, 32, and 48 (see Figure 3.1-2). Indirect impacts to wetlands downslope of the borrow
areawill be minimized by not excavating portions of the borrow area that lie within the watershed
of these wetlands. Hydrology in these wetlands appears to be maintained by seasonal groundwater
that perches on the till soils following periods of high rainfall. The existing SDS on 20thAvenue
South collects surface runoff and directs it away from these wetlands. This SDS forms the eastern

edge of the watershed for Wetlands 48, B15a, and B15b. Since excavation will not occur west of
20"' Avenue South, the watersheds of these wetlands will not be altered and indirect hydrologic
impacts arenot expected to occur.

Wetland hydrology will be monitored in Wetlands 48, B15a, and B15b to verify that wetland
hydrology continues to be present in these wetlands (see Table 5.3-6).

Borrow Area 3

A drainage swale will be installed during the excavation of Borrow Area 3 to convey groundwater
to Wetland 29 and replace the potential loss of seepage fi'om the perched groundwater zone
(Appendix H, Figures 3, 7, and 8). This swale will collect groundwater seepage 9om the excavated
slope face on the north and west sides of Borrow Area 3. Flow in this swale will be collected and
conveyed south in a swale that drains into Wetland 29 (Appendix H, Figure 3).

Since the swale will extend for the full length of the seepage face in the borrow area, it may convey
flows m excess of those needed to support hydrology in Wetland 29 and downslope wetlands (i.e.,
Wetland 30, which receives overland flow and shallow interflow from Wetland 29). Two measures
will be used to manage excess flows and to optimize the distribution of water to Wetland 29. A
flow control structure (weir and diversion structure)will be constructed in the swale just before it
flows into Wetland 29 (Appendix H, Figure 9). This control structurewill allow a controlled flow
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rate to be directed into Wetland 29 and enable diversion of other flows away from the wetland and
into the base of Borrow Area 3. Diverted flows will either be allowed to infiltrate at the base of
Borrow Area 3 or be diverted to stormwater management facilities that will be commmted to

manage runoff from the remainder of the borrow area. The length of the collector swale can also be
modified (consistent with the adaptive management approach) based on post-construction
monitoring to control the amount of seepage and runoff that is collected in the swale and diverted to
Wetland 29.

Studies of borrow area hydrology indicate that impacts to the hydrology of the remaining wetlands
in Borrow Area 3 (B5, B6, B7, B9a, B9b, B10, and 30) are not anticipated (Hart Crowser
2000a, b,c). Wetlands in Borrow Area 3 will be monitored before, during, and after excavation to
verify that wetland hydrology will remain. If Wetlands 29 and 30 do not meet hydrologic
performance standards developed for them (see Table 5.3-6), then contingency measures will be
implemented. The collector swale system also can be used to divert additional water to Wetlands
29 if necessary.

5.3.3.4 Hydrology Monitoring

Peiu_anent shallow groundwater monitoring wells will also be installed in wetlands near borrow
areas to verify there are no indirect hydrologic impacts. Groundwater levels will be recorded
monthly for the first 5 years, and then every other month thereafter. In addition, a staff gage will be
installed in Wetland 30 to allow monitoring of the extent and duration of surface water ponding that
provides habitat for amphibians. Water levels will be monitored according to conditions of the 401
Water Quality Certification, September 21, 2001 (Ecology 2001).

Evaluation of hydrology in wetlands near Borrow Areas 1 and 3 will be based on shallow
groundwater data collected during pre- and post-construction periods. Borrow Area Wetlands 48,
B15, 32, B12, B4, and B1 will be evaluated. All wetlands adjacent to Borrow Area 3 will be
evaluated.

The Port will collect bi-monthly hydrologic monitoring data during the wet season, November
through May, for at least 3 years after completion. Maps of sample locations and vegetation in the
surrounding areas, observation of stressed vegetation, any adaptive management implemented in the
surrounding areas, comparison to baseline data, and conclusions will be documented and submitted
to Ecology on a monthly basis during that period. At the end of each water year the Port will
complete and submit to Ecology a trends analysis with proposed contingency measures if needed.
A schedule for completion of the proposed contingency measures will also be provided.

In Borrow Area 3, special emphasis shall be given to the area near where the drainage swale
discharges into Wetland 29, to provide an early indication of hydrologic changes that may affect
vegetation in the wetland. In Wetland 30, the evaluation approach will include measurements of
surface water depths taken at least measured monthly during the period from December through
April, and the monitoring results compared to pre-construction data.

NaturalResourceMiagationPlan 5-152 November2001
Seattle-TacomaInternationalAirport 556-2912-001(03)
MasterPlanUpdate

AR 029544



5.3.3.5 Wetland Delineation

Wetlands in the mitigation areawill be delineated in years 5, 10, and 15. A licensed survey crew
shall map the wetland boundary, and maps will be provided to Ecology by December 31_ of the
year the delineation was completed. If wetland boundaries have decreased, additional mitigation
may be required.

5.3.3.6 Protection and Maintenance

The drainage swale, downslope wetlands, and the unexcavated southern portion of Borrow Area 3
study area will be placed in restrictive covenents (see Appendix G). Periodic inspection and
maintenance of the channel may be required to assure that it continues to perform as designed.

The wetland protection swale will be inspected and maintained at a minimum frequency of 2 times
per year. Swale maintenance will include adjustment of flow control weir boards to provide
appropriate flows to Wetland 29 and removal of vegetation or fill in the swale which may interfere
with the seepage collection and diversion functions of the swale. A weir gage will be installed and
calibrated. The gage will be marked with water depth and flow rates as that weir discharges can be
determined immediately.

The boundaries of the mitigation area and buffers shall be permanently marked with stakes at least

every 100 feet or with fencing. The marking shall include signage that clearly indicates that
mowing and fertilizer/pesticide applications are prohibited within mitigation areas. The details of
fencing and signage are provided in Appendix P.
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6. HYDROLOGIC IMPACTS AND MITIGATION

This section describes actions incorporated into the STIA Master Plan Update improvements to

mitigate potential impacts to water quantity and quality in the Miller, Walker, and Des Moines
Creek basins. Existing water quantity and quality conditions, future changes in land use that affect
surface water runofl_ and projected furore conditions under the Master Plan Update improvements
and the proposed mitigation actions are summarized in this section.

Section 6.1 describes the proposed stormwater management program to control stormwater peak
flow rates and flow durations from both newly developed project areas and existing airport areas.

Proposed facilities, including approximately 344.1 acre-fl of new stormwater detention storage at 14
locations, will mitigate the impacts of new impervious surfaces on flows in Miller, Walker, and Des
Moines Creeks. Section 6.2 summarizes actions to mitigate water quality impacts, including water
quality treatment using BMPs and source controls, erosion and sediment control, and elimination of
existing activities that degrade water quality. The flow control and water quality mitigation
activities summarized below are based on stormwater information provided in the Comprehensive
Stormwater Management Plan (Parametrix 2000a, 2001a).

6.1 WATER QUANTITY

The Master Plan Update improvements could increase peak flows and reduce base flows in Miller,
Walker, and Des Moines Creeks (Figure 6.1-1), thereby impacting aquatic habitat in these streams.
The addition of new impervious area associated with the Master Plan Update improvements
affecting the hydrology of these streams is discussed in the following sections, along with
associated mitigation measures that compensate for these actions.

6.1.1 Stormflow Impacts

The activities associated with the Master Plan Update improvements will include adding new
impervious surfaces (new runways, taxiways, parking, and roadways) and filling wetlands. This
action, if unmitigated, could change the hydrologic flow regime of Miller, Walker, and Des Moines
Creeks, including increased peak flow magnitude and frequency, and increased elevated flow
duration. The potential effects of high-flow impacts in the stream are increased erosion and
sedimentation, habitat damage from scouring flows, and impaired habitat use during high-flow
periods.

Proposed peak flow mitigation reduces peak flows from existing levels in both streams, which will

reduce bank and channel erosion as well as sedimentation in downstream reaches, including
estuaries. Additional detail on hydrology and stormwater management are provided in the
(Parametrix 2000a, 2001a). The plan includes modeling conducted to estimate the impacts of the
project on the Miller, Walker, and Des Moines Creek systems. The HSPF model was used for this
purpose.
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6.1.1.1 Wetland Fill

The potential impacts to the hydrology of Miller, Des Moines, and Walker Creeks fzom filling 18.37
acres of wetlands are the loss of stormwater storage, groundwater recharge, and groundwater

discharge. These functions arc discussed below, and all wetland hydrologic functions arc accounted
for in the HSPF model, which assesses runoffimpacts by various input parameters and calibration.

Stormwater Storage

Most wetlands filled by the project provide limited stormwater storage because they 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 arc
free-draining (seldom, if ever, pending water).

In contrast, flood storage functions arc provided by the riparian wetlands located in the 100-year
floodplain of Miller Creek. 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 accounted for in the calibration of the HSPF
model; design of stormwatcr detention facilities using this model will assure 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 12thAvenue South. The drainage system
will also collect water that infiltrates into the new embankment, and discharge it to wetlands and

Miller Creek (see Section 5.2.3). 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 till restrict groundwater recharge. These low
permeabilities result in poor drainage conditions, which in combination with topography and
surface drainage features, promote 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 forpotential 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 Sections 5 and 7 of this document, as well as in the
Comprehensive Stormwater Management Plan (Parametrix 2000a, 2001a).
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6.1.1.2 Indirect Hydrologic Impacts/Impact Avoidance

Where feasibleandpracticable,directandindirectimpactstothehydrologicfunctionsofwetlands
(baseflow,groundwaterdischarge,andstormwaterstorage)havebeenavoided(Paramctrix2000a,
2001a,b). For example, within the three borrow areas, direct and indirect impacts to hydrologic
functions of wetlands were avoided or minimized by protecting several wetlands and their upslope
watersheds fi'om excavation. Wetlands located downslope of excavation or flU areas will continue
to receive ground and surface water from upslope areas because BMPs for water quality, site
grading, and other surface water management features will allow clean water to continue to
discharge to them. Additionally, rainwater will continue to infiltrate on the borrow sites because no
impervious surface will be added, and this water will be available to recharge downslope wetlands
and Des Moines Creek.

6.1.1.3 Impervious Area

In the Miller Creek Basin, Master Plan Update improvement projects will result in a net increase of
105.6 acres33of impervious surface area (Table 6.1-I), increasing the overall impervious area in the
basin by about I percent above the existing baseline condition (about 23 percent of impervious
surface; Parametrix 2000a, 2001a). In the Walker Creek basin, Master Plan Update improvements
will result in a net increase of 6.2 acres of impervious surface. In the Des Moines Creek basin,
Master Plan Update improvements will result in a net increase of 128.2 acres of impervious surface,
increasing the overall impervious area in the basin by about 4 percent above the existing base
condition (approximately 32 percent impervious surface; Parametrix 2000a, 2001a).

The new impervious surfaces could increase stormwater runoff rates (FAA 1996) and volumes.
Unless mitigated, changes in runoff would be expected to in_e flooding and erosion, and
degrade instrearn habitat and water quality in Miller, Walker, and Des Moines Creeks downstream
of stormwater inputs from the improved areas. As discussed below, the Port's Comprehensive
Stormwater Management Plan includes mitigation to manage runoff from newly developed Master
Plan Update improvement areas. In addition, existing hydrologic impacts from existing impervious
surfaces will be mitigated.

6.1.1.4 Flow Control for New Master Plan Update Improvements and Retrofitting for
Existing Airport Areas: Level 2

To protect instream and estuarme habitat, the Port has committed to achieving streamflows that
maintain or reduce existing peak flow magnitude and duration in Miller and Des Moines Creeks.
The Level 2 flow control standard, as defined by the King County Manual (King CountyDNR

1998), requires matching or improving post-developed flow duration to pre-developed flow
durations 3 for all flow magrtitudes between 50 percent of the 2-year event and the full 50-year
event.

33 The net chan_¢ in _ous area includes removal of approximately 50 acres of impervious surfaces (streets,
driveways, and rooftops) that will result when existing houses and slreets are removed m the acquisition area.
Demolition m these areas is ongoing and expected to be completed by 2002.

Flow duration control refers to limiting the duration of geomorphically significant flows (i.e., those flows that initiate
bedload movement) to baseline (pre-Master Plan Update) conditions.
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Table 6.1-1. Summary of blmer, Walker, and Des Moines Creek dndmtge areas at STIA and change in
impervious area betweea 1994 baseline and 2006 future coadRiom (acres).

Stormwater 1994 Baseline 2006 Future Condition Increase in

OutfaIla Pervious Impervious* Total Pervious Impervious" Total Impervious Ares
Miller Creek

SDNI 6.2 9.9 16.1 3.5 12.7 16.1 2.8

SDN1LWR 5.0 0.4 5.4 4.9 0.6 5.4 0.2

SDN1 OFF 25.8 10.5 36.3 28.3 8.0 36.3 -2.5

SDN2X 7.2 0.3 7.5 53 2.2 7.5 1.9
SDN3 33.4 14.5 47.9 23.6 24.3 47.9 9.8

SDN3A 28.6 1.9 30.5 22.2 8.2 30.5 6.3

SDN3X 25.4 0.0 25.4 25.4 0.0 25.4 0.0

SDN4 27.7 2.6 30.3 18.1 12.3 30.3 9.7

SDN4X 14.1 1.1 15.2 11.0 42 15.2 3.1
SDW1A 52.0 0.9 52.8 37.4 15.4 52.8 14.5

SDW 1B 92.5 4.3 96.9 69.9 27.0 96.9 22.7

NEPL 41.4 0.9 42.3 10.0 32.3 42.3 31.4

CARGO 7.0 1.1 8.1 0.0 8.1 8.1 7.0

Other STIA b 246.5 15.1 261.8 247.8 13.8 261.8 -1.3

Total 105.6

Walker Creek

SDW2 41.3 3.3 44.6 35.1 9.5 44.6 6.2

M8 22.2 6.6 28.8 22.2 6.6 28.8 0.0

M9 76.1 22.5 98.6 76. I 22.5 98.6 0.0

Total 6.2
Des Moines Creek

SDE4 50.7 115.5 166.2 40.1 126.1 166,2 10.6
SDS 1 0.9 16.8 17.7 1.4 16.3 17.7 -0.5

SDS2 7.7 1.5 9.2 8.1 1.0 9.2 -0.5

SDS3 165.5 178.0 343.5 144.3 199.2 343.5 21.2

SDS3A 62.7 7. I 69.8 34.6 35. I 69.8 28.0

SDS4 45.4 19.2 64.6 32.1 32.5 64.6 13.3

SDS5 32.1 0.4 32.5 28.3 4.2 32.5 3.8

SDS6 12.5 4.3 16.7 13.5 3.2 16.7 -1.1

SDS7 83.2 8.0 91.3 55.1 36.2 91.3 28.2

SASA 25.3 8.9 34.3 0.0 34.3 34.3 25.4

Other STIA c 136.1 57.7 194.4 136.0 57.5 193.5 -0.2

Total 128.2
IWS

NCPS 6.9 28.8 35.7 4.8 30.9 35.7 2.1
NSMPS 6.6 0.0 6.6 4.7 2.0 6.6 2.0

NSPS 0.3 13.5 13.8 0.3 13.4 13.8 -0.1
Primary 24.9 277.6 302.6 13.5 289. I 302.6 I 1.5

SASA 51.8 6.5 58.3 0.1 58.3 58.4 51.8

Total 67.3

TOTAL 1465.0 839.7 2305.8 1157.7 1147.0 2304.9 307.3

Note: Rows maynottotalexactly as shown due to rounding. Source: GeographicInformationSystem (GIS) coverage.
a Locationsof stormwatln"ouffailsaremappedin the Comprehensive StrorrawaterManagement Plan (Parametrix 2000a, 2001a).b

Impervious area includes impervious area, lakes, and detention ponds.
c This includesoutfall$ MC6 andMC7.
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The Level 2 analysis is more protective than stormwamr control standards that have been used in the
past. Previous controls allowed using an "event model," which is a hydrologic model that compares
pre-development runoff with post-project runoff using a hypothetical design storm; only peak flows
were evaluated for compliance with standards. The Level 2 analysis used in the Comprehensive
Stormwater Management P/an requires that a "continuous simulation" model (HSPF) be used and
actual precipitation runoff is modeled. Pre-development runoff is compared with post-project flows
over a range of probable flows. Level 2 flow analysis evaluates flow protection and mitigation
measures over a wide range Of erosive stormflows, whereas Level 1 analysis and event models are
only protective of certain peak flows or flooding events. Level 2 is 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 target flow regime. The
target flow regime used assumes that the existing watershed land cover is 10 percent impervious (or
less if the existing impervious area is less that 10 percent impervious), 15 percent pervious "grass,"
and 75 percent pervious "forest. ''37 Basing target flow on theoretical basin development of 10
percent (Miller Creek and Des Moines Creek existing impervious areas are 23 percent and 32
percent, respectively) is expected to reduce existing peak flows and be beneficial in maintaining
stable stream channels (Parametrix 2000a, 2001a).

In the Des Moines Creek basin, the target flow regime was determined in a study by the Umversity
of Washington (King 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.

The net result of flow retrofitting in the watersheds will be to reduce existing stormwater peak flows
downstream of STIA in Miller and Des Moines Creeks before flow impacts and controls for the
Master Plan Update improvements are considered. That is, even though the Miller Creek and Des
Moines Creek watersheds have an existing impervious area of about 23 and 32 percent, respectively
(Parametrix 2000a, 2001a), the flows from areas draining the airport will be reduced to a level
corresponding to approximately 10 percent impervious area.38

36Flowdurationcontrolrefersto limitingthedurationof geomorphicallysignificantflows(i.e.,thoseflowsthat initiate
bedloadmovement)tobaseline(pre-MasterPlanUpdate)conditions.

37Inareas whereexistingimperviousarea is lessthan 10percent,theimperviousarea is not changedandthedifference
betweenactualpercentimperviousand10percentis assumedtobe grass.

3sThe HSPFmodelwascalibratedwithrecordedflowdata andactualbasinlandusepriorto simulationof addingLevel
2 flow controlretrofits. The calibrationaccountsfor flowsattributableto each type of land use,basedon existing
conditions.Flowsforotherlanduseand hydrologiccontrolconditions(suchas 10percentimpervioussurfacesand the
Level2 flowcontrolretrofit)werethensimulatedusingtheHSPFmodel.
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6.1.1.5 Estimated Detention StorageRequirements

Proposed stormwater detention facilities for the Master Plan Update improvements were designed

based on the drainage area served by each facility, the detention standard, the detention storage

volume required to meet the flow control standards, and potential for waterfowl attraction.
Approximately 344 acre-ft of new stormwater detention storage will be needed to mitigate the

impacts of increased stormwatcr runoff (Table 6.1-2) associated with Master Plan Update

improvements. The locations of new facilities are shown in Figure 6.1-2.

For sub-watersheds draining to the Des Moines Creek RDF or the Miller Creek detention facility,

additional future analysis by the Port or the Basin Committees may show that the target flow and

Level 2 standards can be met in the regional facilities. Stormwater detention facilities shown by the
Port may be modified, with approval by Ecology, to reflect available detention in the regional

facilities. In either case, the objective to meet the target flow using the Level 2 standard for both
streams will be achieved.

Pond and Vault 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 Vault (1997) and the

Interconnecting Taxiways Vault (1998). Only the SASA detention pond will displace wetlands, a
0.06-acre shrub wetland. All other on-site detention facilities will be constructed in non-wetland

areas. The primary discharge from the detention facilities will be surface discharge (not
infiltration). However, infiltration is proposed at two stormwater facilities, SDWlA and SDWlB,

to enhance base flows and reduce detention facility size. Detention facilities will consist of dry
ponds with live storage 39 and will not include wet ponds with dead storage. 4°

Net Result of Hydrologic Mitigation

The net result of flow controls for the Master Plan Update improvements will be to maintain or

reduce peak flows in Miller, Walker, and Des Moines Creeks to a stable flow regime downstream of

STIA discharges (Tables 6.1-3 and 6.1-4). Stormwater facilities will retrofit existing flows to the
target watershed flow regime pre-development conditions before new development is considered.

The net effect of flow controls for Miller, Walker, and Des Moines Creeks (Figures 6.1-3, 6.1-4,

6.1-5, and 6.1-6) will be to maintain stormflows below existing conditions or the target watershed
flow regimes following Master Plan construction and peak flow mitigation, whichever is less. The

target flow regime will reduce flows in the stream channels, thereby reducing erosion and
improving channel stability.

39Livestorageis thatvolumeof stormwaterstoredin a detentionfacility thatdrainsfollowing the storm. Live storage is
used for hydrologic _r_fit toreduce flowpeaks andduratiom.

4oStormwater for supplemental lowstream flow may be stored as dead storage in vaults.
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Table 6.1-2. Summary of required detention facility vohunes.

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

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

CARGO 4.5 Vault

SDN2x + 44.4 Vault
SDN4x

SDN3/3x 25.2 Vault

SDN1 5.5 Vault

Pond: 14.8 / Pond/Vault
SDN3A Vault: 7.0

Pond: 25.5 /
Pond/Vault Infiltration used

SDW1A Vault: 7.4

SDW 1B 53.6 Pond Infiltration used

Total Miller Creek 171.8

Total Walker
SDW2 10.9 Pond

Creek

Des Moines Creek SASA Detention 33.4 = Pond

Faelnty

Interconnecting 5.5 Vault
taxiway(SDS3A)

ThirdRunway 21.6 Vault
South(SDS7 and6)

SDS3 88.0 Vault

SDS4 12.9 Vault

Total Des Moines 161.4
Creek

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

b This is the volume needed to retrofit the existing facility.
This is the volume required to retrofit the STIA area only.
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Table 6.1-4. Summary of flood peak flow frequency results for Des Moines Creek subbasins
(all values are cfs).

SASA" SDS3 SDS3A
Return Period

Peak l_'e-Projm Projm Pr_-Proj_t Projm _-Project Pmjm

1/2 Q2 31.95 13.57 6.03 2.40 123 1_52

Q2 63.90 27.13 12.06 4.79 2.45 3.05

Qio 97.35 44.54 21.07 10.85 4.28 7.80

Q_ 116.65 56.20 26.92 16.51 5.47 12.09

Q._ 132.17 66.34 31.92 22.46 6.49 16.50

Qt0o 148.69 77.82 37.52 30.39 7.62 22.26

Return Period SDS4 SDS - Point of Compliance

Peak Pre-Project Project Pre-Project Project

1/2 Q2 0.86 0.35 8.06 4.35

Q2 1.72 0.69 16.11 8.71

Qio 2.65 1.29 28.45 18.58

Q_ 3.21 1.80 36.55 26.66

Q5o 3.67 2.29 43.51 34.51

Qt0o 4.17 2.92 51.33 44.30

SDS7 Des Moines Creek @ South 200 StreetReturn Period

Peak Pre-Project Project Pre-Project Project

1/2 Q2 1.47 0.64 55.72 36.29

Q2 2.94 1.28 111.45 72.58

Qlo 5.23 2.84 184.86 117.11

Q25 6.73 4.45 231.02 145.08

Qso 8.03 6.25 269.81 168.55

Qioo 9.48 8.77 312.64 194.44

a STIA basins plus non-STIA basins DI and D2 are routed to pond. Retrofitting is applied only to STIA drainage
ar_S.
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6.1.2 Base Flow Impacts

Hydrologic modeling has also demonstrated a potential base flow impact due to the Master Plan
Update improvements (Pama_trix 2000a, 2001a). The HSPF model was used to analyze the
potential hydrologic effects on stream base flow41after construction of the project in pervious areas.

Results for the pre-project base condition (1994) were compared to the developed project condition
(2006) in Miller, Walker, and Des Moines Creeks. Potential base flow changes were evaluated

using a comparison between pre-project and project stream flow conditions during the typically
driest times of year (August and September). Using HSPF, average changes in stmamflow were
simulated as shown in Table 6.1-5 (Ear,hTech 2000).

Table 6.1-5. Estinmted Low Streamflow Changes.

Average Flows (cfs)

1994 2006 Change

Aug Sept Aug Sept Aug Sept

Miller Creek 1.27 1.50 1.10 1.40 - 0. I7 - 0. I

Walker Creek 0.033 0.035 0.031 0.039 - 0.002 + 0.004

Des Moines Creek 1.08 1.64 1.07 1.73 - 0.01 + 0.09

If base flow impacts are large enough, the wetted stream area could be reduced and adversely affect
critical habitat. However, base flow impacts estimated for Miller, Walker, and Des Moines Creeks
are insignificant and would not measurably change the wetted area of critical habitat.

While the HSPF modeling summarized in Table 6.1-5 indicates reduced low streamflow, some

mitigative elements of project hydrology have not been calculated and are beyond the capability of
the HSPF model to closely evaluate. For example, stormwater from detention ponds SDWIA and
SDW1B in the Miller Creek basin will be infiltrated. Infiltration will offset some low flow

reduction, as water will be infiltrated in trenches near Miller Creek to slowly seep through the soil
back into the stream long after the rain has stopped. Also, stormwater that infiltrates into the fill
embankment (a large soil mass that will collect, store, and transmit water) and slowly leaks out has
not been accounted for in the HSPF model due to limitations in the model to simulate these

constructed systems. The relatively small reductions in low flow shown on Table 6.1-5 will in fact
be even less due to the limitations of the HSPF model to model these positive effects, Additional
details on base flow impacts are provided in the Seattle-Tacoma Airport Master Plan Update
Improvements Low Streamflow Analysis (Earth Tech 2000).

6.1.2.1 Effects of Peat Removal at Vacca Farm

Peat soils are often identified as having the ability to store water during wet periods and then release
it slowly during dry periods, thereby augmenting base flows of associated streams. Excavation of
peat soils during construction could alter hydrology and potentially affect base flow in Miller Creek.

4_Base flow is defined as the streamflow generated by groundwater in undeveloped watersheds. It is sometimes referred
to as dry-weather flow.
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The peat soil at the Vacca Farm site is identified as "'Rifle" peat-afibrous, woody peat. It forms in
depressions on top of glacial outwash soils such as the Vashon advance outwash, a medium dense
sand soil series mapped in the vicinity of the Miller Creek valley. The Soil Conservation Service
(SCS) estimates the permeability of similar peat soils to be on the order of 0.63 to 2 inches per hour
(moderatepermeability). An estimate of field capacity (the soil water content after gravity drainage
from the peat has ceased), based on SCS data, is 0.4 (relatively high soil water retention). In
comparison, the underlying dense sand in the outwash material has a permeability estimated at less
than 1.4 inches per hour, and an available water capacity of about 0.1. The total porosity of the peat
is assumed to be 0.8 (relatively high, thus a conservative assumption of greater maximum water
storage).

The quantity of peat removed that could potentially provide water storage is about 10,000 cy.
Therefore, the peat could store (10,000 cy) x (27 cf/cy) x (0.8 - 0.4) = 108,000 cubic ft of water. If
the release rate to the stream were uniform during the drier months (May through September), the
average daily flow would be on the order of (108,000 cubic ft)/(160 days x 24 hours x 60 minutes x
60 seconds) = 0.008 cfs. This estimate is high because it neglects evapotranspiration, which reduces
the amount of water actually available to release as streamflow. Furthermore, the timing of the
release of water stored in the peat is not likely to be uniform throughout the summer-most release
would occur during late spring and early summer (May and June), prior to minimum streamflows.
Thus, the potential impact on base flows from peat removal is likely considerably less than 0.008
cfs; this is unlikely to affect aquatic habitat in Miller Creek. In addition, the mitigation actions
described in Section 5 include removal of drainage ditches, which will slow soil drainage at the
Vacca Farm site.

6.2 WATER QUALITY

The Port's mitigation of potential water quality impacts is described in the Comprehensive
Stormwater Management Plan (Parametrix 2000a, 2001a). Stormwater quality mitigation elements
in the plan include the following:

• BMPs will meet or exceed stormwater quality treatment standards. BMPs will be applied to
all new and redeveloped pollution-generating impervious surfaces (PGIS), and BMPs will

be retrofitted to treat runoff from existing untreated PGIS where practicable. Upon
completion of the Master Plan Update improvements and other anticipated projects (e.g.,
north terminal expansion), an estimated 499.4 acres (86 percent) of the STIA SDS will have
water quality treatment BMPs, out of a total SDS PGIS area of 579.4 acres.

• Source control BMPs will be implemented for all PGIS, and regularly reviewed for
additional or improved methods. Source controls are planned and implemented via the
Port's SWPPP for airport operations (Port of Seattle 1998).

• A landscape management plan is included in the SWPPP. The landscape management
portions of the SWPPP are intended to control water quality impacts from managed
vegetated areas, including chemical use, container disposal, integrated pest management,
fertilizer application, weeding, pruning, and a prohibition of herbicide application near water
courses.
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• The 1WS, a souw_ control BMP, is designed to treat industrial wastewamr from aircraft
maintenance, fueling, and de-icing areas. The IWS is being upgraded so that storage
OV_flows do not occur. The upgrade includes expansion of IWS Lagoon 3. The IWS
upgrades are not a Master Plan Update project.

• Existing so_ of stormwater pollutants will be removed from urban drainage areas. This
includes removal of septic tanks, und_ground fuel storage tanks, untreated flows from
lawns, streets, and driveways, and cultivated land located in stream floodplains and buffers.

• Projects will be implemenmd to enhance water quality such as flow augmentation, wetland
restoration, stream restoration, and enhancement of riparian buffer zones within the Miller
and Des Momes Creek basins.

• Hydrologic controls (peak flow and flow duration control, discussed in the flow control
sections of the Comprehensive Stormwater Management P/an) will reduce insh-e.amerosion.

• Duringconstruction,TESCs willbe appliedinexcessofEcologyManual(Ecology2001b)
minimurn requirements.TESC activitieswillincludeplanningand implementing
constructionSWPPPs and monitoringplansforeveryindividualMasterPlan Update
improvementactivity,applyingconventionalTESC BMPs, providingadvancedstorrnwater
treatmentwhere necessaryand appropriate,supervisingcontractorerosioncontrol
compliancewithan erosioncontroland stormwaterspecialist,and fundingindependent
third-partyoversightof constructionerosioncontroland stormwatermanagement and
compliance.

As demonstrated in the Comprehensive Stormwater Management Plan, concentrations of pollutants
in STIA stormwater arc generally less than those in runoff from other residential, urban, and
industrial areas in the region. As the Master Plan Update improvements will consist of similar
activities and BMPs, these actions are expected to mitigate or prevent impacts. The Port's ongoing
compliance with the Clean Water Act and, in turn, protection of STIA's receiving waters, are
demonstratedthroughcompliancewith itsSection 402 (NPDES) Permit,administeredin
WashingtonbyEcology(Ecology1998).The FactSheetforthePort'sNPDES Permitstatesthat

compliancewiththeeffluentlimitationsandotherconditionsinthepermitconstitutescompliance
withtheFederalWaterPollutionControlAct and theWashingtonWaterPollutionControlAct
(RCW 9O.48).
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7. OFF-SITE HABITAT MITIGATION: AUBURN WETLAND MITIGATION

The proposed Aulxn'n wetland mitigation site is a 67-acre parcel of land located within the City of
Auburn i,,.,iediately west of the Green River (see Figure 1.2-1). This mitigation project is in
WRIA 9 and designed to restore and enhance forested, shrub, emergent, and open-water wetland
habitats on over 65 acres of the 67-acre site to compensate for wetlands unavoidably impacted by
the Master Plan Update improvements within the same WRIA. The overall goal is to replace

wetlandhabitatfunctions(especiallyforavianspeci=.in anoff-sitelocation,in compliancewith
FAA Advisory Circular 150/5200-33 (FAA 199To)." The Port proposes to restore or enhance
existing emergent wetland with diverse forest, shrub, emergent, and open-water w_land habitat, and
restore buffer areas at the Auburn site as mitigation for habitat impacts. A summary of wetland
impacts resulting from the Master Plan Update projects, proposed compensatory mitigation for each
wetland type, and the overall replacement ratios provided by the Auburn mitigation site are
provided in Table 7.1-1.

Table 7.1-1. Summary of wetland impacts and off-site compensatory design objectives for the proposed Master
Plan Update improvements.

Project Impact Compensatory Design Objectives Acreage Provided t

Fill of 8.17 aczes of f_ested Provide in-kind replacement of f_ested 17.20 acres of f_ested wetland
wetland and loss of wetland funetio_ and increase overall
associatedwildlifehabitat wildlifehabitatfuncti0_bycreating/restoring

emergent wetlands to create native forested
habitat

l_nhance existing emergent wetlands to create 19.50 acres of mahanced fcrested
nativeforested habitat wetland

Fillof2.98acresofshrub Providein-kindreplacementofshrubwetland 6.00acresofshrubwetland
wetlandandlossof functionsandincreaseoverallwildlifehabitat

associated wildlife habitat, function by enhancing andrestoring emergent
wetlands.

Fill of 7.22 acres of emergent Provide ftmetional replacement of emergent 6.20 acres of emergent wetland
wetland and loss of wetlands and increase wildlife habitat function

associated wildlife habitat by restoring emergent wetland.

Providepocketsofopen-waterhabitat 0.60acreofopen-waterwetland

Protectthe wetland from Protect wetlands with 100-fl buffers that are Approximately 15.90 acres of
potential off-site disturbance densely planted with native tree and shrub forested buffer protect the site from
and provide enhancedupland vegetation, potential off-site disturbance and
wildlife habitat, provideupland habitat

Wetland mitigation hnmediately adjacent to the existing airport is constrained by the need to avoid
creating wildlife baTards (i.e., waterfowl and flocking bird habitat) near the airfield (FAA 1997b).
Therefore, the focus of the on-site mitigation projects (Section 5) is to replace and enhance wetland
functions, including hydrologic, water quality, aquatic habitat, and riparian support, to the extent

42The AEX)E RGL 01-1 (A(:X)E 2001) recot, nlres air traffic concerns a factor in siting wetland mitigation.
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practicable, while reducing existing wildlife hazards and avoiding the creation of new wildlife
hazards. As a consequence, on-site projects will not create or enhance open-water or emergent
wetland habitats that could attract waterfowl. Due to this constraint on-site, the Port proposes to
include significant additional restoration, creation, and enhancement of palustrine forest, shrub,
emergent, and open-water habitats at the Auburn mitigation site to compensate for project impacts
to these habitats.

Much of the emergent wetland habitat impacted by the Master Plan Update projects is relatively low
quality and has been significantly altered and degraded by development. The Miller and Des
Moines Creek basins historically supported forested or shrub wetlands dominated by a diverse
native flora. The vegetation in existing emergent wetlands filled or disturbed by the project is
generally maintained by ongoing anthropogenic disturbance (i.e., mowing, golf course
maintenance). In the absence of this disturbance, these wetlands would develop into forested or
shrub wetlands. The emergent wetlands are also relatively low quality habitat for most wildlife
species because of ongoing disturbance and a lack of vegetation diversity. Similarly, many of the
existing shrub wetlands are dominated by non-native invasive species such as Himalayan
blackberry, and in the absence of disturbance would develop into forested wetlands. Existing shrub
wetlands also provide lower quality habitat due to frequent disturbance and lack of habitat diversity.

For these reasons, the off-site mitigation has been designed to provide improved avian habitat
conditions relative to the existing wetlands lost near STIA. Off-site mitigation emphasizes the
development of forested wetlands because, over time and in the absence of ongoing human
disturbance, most of the wetlands impacted by the Master Plan Update projects would develop into
forested wetlands similar to those historically found in the area. Therefore, the wetland mitigation
provided at Auburn (see Table 7.1.1) is not strictly in-kind mitigation of habitat types, and creates a
greater amount of generally higher quality forested wetlands compared to the lower quality
emergent and shrub wetlands found near STIA.

This section describes the off-site mitigation and monitoring plan. Overall goals and design criteria
are described in Section 7.1. The mitigation site and site selection process are described in Section
7.2. Section 7.3 contains a detailed description of the mitigation design, including a description of
construction methods and implementation of the mitigation plan. Section 7.4 describes the
implementation of the project at the mitigation site. Detailed plan sheets showing design elements
are included in Appendix E.

7.1 GOALS, OBJECTIVES, AND DESIGN CRITERIA

Goals, objectives, and design criteria for the Auburn off-site wetland mitigation have been
developed to guide the mitigation design and ensure that overall mitigation objectives are met
(Table 7.1-2). The wetland mitigation goals and objectives identified are designed to compensate
for unavoidable wetland impacts, especially to wildlife habitat, by creating forested, shrub,
emergent, and open-water replacement wetland habitat with a net gain in functional value and
acreage.
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Table 7.1-2. Mitigation goals with associated design objectives and design criteria for the Auburn mitigation site.

Goals and Design Objectives Design Criteria

Goal 1: Achieve no net loss of wetland m:reage by constructing replacement habitats of forest, shrub, and
emergent wetland wllh a forested buffer

Provide seasonal to pecnument Use a perched water table to establish wetlands at the approximatetim]
wetland hydrology appropriate for grades of:

each wetland vegetation cover type. East Basin

Below 38ftinopen-water wetland

38 ft to 41 fl in emergent wetlands

41 ft to42 fl in shrub wetlands

42 ftto46 ftinforested wetlands

West Basin

Below 42ftinopen-waterwetland

42flto44 R inemergentwetlands

44ftto47 ftinshrubwetlands

47R to49 ftinforestedwetlands

Provide in-kind replacement for Plant five forested wetland plant associations that are similar in composition
impacts to 8.17 acres of forested to naturally occurring plant associations. Use native deciduous and evergreen
wetland, species such as black cottonwood, Oregon ash, red alder, western redcedar,

and Sitka spruce.

Forest commumties will have a native shrub undersmry with species such as

salmonberry (Rubus spectabilis), twinberry (Lonicera involucrata), red-osier
dogwood, red elderberry (Sambucus racemosa), willows, and vine maple.

Plant native tree species at densities greater than 280 per acre.

Plant native shrub species in forested communities at densities greater than
1,800 plants per acre.

Provide in-kind replacement for Plant an association of native shrub wetland species that is similar in
impacts to 2.98 acres of shrub comlx3_ition to naturally occurring shrub wetlands, including species such as
wetland. Pacific willow, Hooker's willow, Sitka willow, red-osier dogwood, and

twinberry.

Plant native shrub species at densities greater than 2,100 plants per acre.

Provide replacement for impacts to Plant an association of native emergent wetland species similar in
7.22 acres of emergent wetland, composition to native emergent wetlands. Use native species that are suited

to seasonally and/or permanently flooded conditions, such as water parsley
(Oenanthe javanica), hardstem bulrush (Schoenoplectus acutus), and
common spikerush(Eleocharis palustris ).

Plant native emergent species in approximately 0.05-acre monotypic patches
at densities greater than 10,000 plants per acre (approximately 24 inches on-
center).

Provide a forested buffer around the Establish a lO0-fi-wide forested buffer around the perimeter of the mitigation
mitigation site m enhance functions site.

and protect the wetland mitigation.
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Table 7.1-2. Mitigation goals with associated design objectives, design criteria, and final performance standards
for the Auburn mitigation site (continued).

G__t_ and Design Objectives Design Criteria

Goal 2: Provide wildlife habitat replacement outside the 10,000-ft safety radius for aircraft operations

Provide flooded emergent wetland Emergent wetlands will satisfy the design criteria for wetland mitigation Goal
habitat suitable for waterfowl 1. Additional design cri_a for waterfowl habitat include:

feeding and resting during the Provide year-round shallow water with patches of emergent vegetation as
winter and spring months, feeding habitat for dabbling duck species.

Provide ponded water areas for resting habitat.

Provide emergent, shrub, and Forest, shrub, and emergent wetlands will satisfy the design criteria for
forested wetland habitat with wetland mitigation Goal 1. Additional design criteria for songbird habitat

feeding and breeding for songbirds, include:

Plant forested wetland adjacent to shrub, emergent, and open-water habitats.

Plant portions of the forested wetland with shrub understory species to
provide a multiple-layered canopy adjacent to the shrub portion of the
wetland.

Provide forested, shrub, and Forest, shrub, and emergent wetlands will satisfy the design criteria identified

emergent wetland feeding and for wetland mitigation Goal 1. Additional design criteria for small mammal
breeding habitat for small habitat include:

mammals. Place LWD (stumps and logs of native species) throughout the forested
wetland to provide year-round cover for small mammals.

Construct low hummocks in the shrub wetland areas to provide non-saturated

soils for burrowing small mammals.

Provide breeding habitat for Forest, shrub, and emergent-wetlands will satisfy the design criteria for
amphibians, wetland mitigation Goal I. Additional design criteria for amphibian habitat

include:

Provide attachment substrate for breeding amphibian species in areas of
ponded water.

Goal 3: Provide replacement wildlife habitat that increases overall habitat functions

Consolidate mitigation for impacts Construct a contiguous wetland system with forested, shrub, and emergent
to many small, discontinuous wetland types and wildlife habitat features that provide in-kind and out-of-
wetlands into a single, larger kind habitat replacement.
wetland to provide a more diverse
aggregate of habitat types.

Assure long-term protection of the Screen the wetland from off-site areas and install fencing around the
mitigation site. perimeter.

No public trails will be permitted on the mitigation site.

Goal 4: Enhance the existin_ 19.5-acre emergent wetland at the Auburn site

Enhance functions of approximately Plant existing wetland with native trees and shrubs at densities greater than
19.5 acres of degraded emergent 2,100 individual plants per acre for shrubs and greater than 280 stems per
wetland, acre for native trees.
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7.1.1 Goals and Objectives

The general mitigation goals for the Auburn site are as fonows:

• Achieve an overall increase in wetland acreage and functional replacement at a mitigation
ratio of at least 2:1.

• Mitigate lost habitat functions of the Master Plan Update improvements outside of the
10,000-ft aircraft operations safety radius of STIA to protect public safety and reduce
wildlife hazards to aircraft.

• Create diverse wetland habitats (including forested, shrub, open water, and emergent) as

well as upland forested habitat on a large site adjacent to existing habitat corridors along the
Green River.

• Enhance wetland functions in the existing degraded wetlands, which are dominated by non-
native species, by converting them to diverse, native forested, shrub, and emergent wetlands.

• Provide long-term protection for the mitigation site by providing a 100-ft forested buffer
around the perimeter of the site.

7.2 WETLAND MITIGATION SITE

The mitigation site chosen for off-site compensatory mitigation for the Master Plan Update
improvements is described in the following sections.

7.2.1 Site Description

The mitigation area is part of a 67-acre parcel located within the City of Auburn immediately west
of the Green River (Figure 7.2-1). The site is nearly level but gradually slopes from the eastern
(approximately 52 ft in elevation) and southeastern boundaries to approximately 45 ft in elevation in
the northwest comer. The undeveloped parcel has been farmed in the recent past, and currently
supports a mix of upland and wetland pasture grasses and forbs that are common on abandoned
agricultural land in the Puget Sound basin. The mitigation site is located between 100 and 150 ft
west of the OHWM of the adjacent Green River. 43

The site is bounded by a variety of land uses, including active agriculture fields to the north and
south; undeveloped land, multi-family housing and a drive-in theater to the west; and the Green
River, patches of riparian forest, and undeveloped, forested slopes to the east. The site was
previously zoned single-family residential (R2) by the City of Auburn, and the 1995
Comprehensive Plan designation is single-family (Auburn 1995). In 1998, a new section was added

to the City's zoning ordinance that allows wetland mitigation to occur in R2 zoning. The mitigation
site is located within the Draft Mill Creek Special Areas Management Plan (SAMP) (ACOE 1997).
The relationship of this project to the Draft SAMP is discussed in Section 7.2.3.

43Approximately 1.62 acres along the eastern boundary of the 67-acre site is set aside for potential development as part
of a regional mill that may be built by King County.
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Three jurisdictional wetlands were delineated on the mitigation site. Wetland I extends from the
northwest comer to the south-central portion of the site (Figure 7.2-2) and covers 18.89 acres of the
site. The wetland also extends off-site to the west, through the access easement for the site.

Wetland 2 is adjacent to Wetland 1 in the south-central portion of the site, and is about 0.60 acre in
size. Wetland 3 is located in the north-central portion of the site and is about 0.01 acre in size

(Parametrix 2000b). Descriptions of site hydrology, soils, and vegetation of the wetland and upland

portions of the site are included in the following sections.

7.2.2 Ownership

The Port owns the entire 67-acre site and has a permanent access easement on the western side of

the property (Appendix E, Sheet C2). Construction of the mitigation project requires temporary
construction access easements, and a temporary drainage and construction easement that will allow

the Port to modify an existing drainage ditch for drainage related to construction of the wetlands. A

permanent easement allows monitoring and maintenance following construction. The Port has
obtained these easements.

7.2.2.1 Construction Access

The Port has procured temporary construction and access easements from property owners to the
west of the site for construction access to the mitigation project. As of December 2000, the Port had

completed easement agreements from two property owners and was in the process of completing
negotiations with three other owners.

7.2.2.2 Drainage Easement

The Port has also procured a drainage and construction easement across the property north of the

mitigation site (Appendix E, Sheet C2). The purpose of this easement is to grant the Port the right
to modify an existing channel for drainage purposes related to construction of the mitigation project.
The easement grants the Port the right to use this channel for the temporary discharge of water from
dewatering wells to be used during excavation and construction of the mitigation wetlands. During

dewatering, drainage water from the Port'sthproperty will be temporarily channeled to the existing
outfall into the Green River at South 277 Street. Other than during construction dewatering,
drainage water from the mitigation site will flow north through existing drainage channels along and
under 277 thStreet, and then north to the Green River (see Section 7.2.2.3). The temporary drainage
and construction easement will remain in use until a permanent flood channel is constructed across

the property to the north.

7.2.2.3 Permanent Flood Channel

Construction of a permanent flood channel is a condition of the ILA between the Port and the City

of Auburn. The ILA requires the Port to construct, or with the consent of the City, to pay the cost of
constructing the floodway channel. The ILA requires that the flood channel be located in a

mutually agreed upon location across the property to the north of the mitigation site (i.e., the Bristol
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property).The PortiscurrentlyworkingwiththeCityof Auburnand Bristolon thedesignand
location of the floodway channel. Although a final determination has not been made as of
December 2000, the existing channel is the most probable location of the permanent floodway
channel (Appendix E, Sheet C2). Widening and deepening the existing drainage channel to
construct the permanent floodway will impact a maximum of 2.2 acres of Waters of the U.S. .4, and
these impacts have been included in the project's CWA 404 permit application.

7.2.3 Rationale for Selection

Mitigation site selection began with a review of the established goals as outlined in Section 7.1.1.
The general site criteria required to meet these goals are similar to those listed by Castelle et al.
(1992) and are listed below:

• A largenon-wetlandsite,greaterthan50 acresinsize,withevidenceofa seasonallyhigh
watertable

• A non-forestedsite(toallowforsignificantnethabitatimprovements)adjacenttoa higher
qualityhabitatarea(i.e.,theGreenRiverripariancorridor)

• A sitewithrelativelyflattopography

• A vacantorsubstantiallyvacantsite

• A siteavailableforpurchaseby thePort

• A siteatleast10,000ftfromproposedorexistingrunwaysasrecommendedby theFAA
(FAA 1997b)

The recommendedpreferenceforselectingwetlandmitigationsitesintheStateofWashingtonisas
follows:(I)on-siteandin-kind;(2)off-site,withinthewatershed,andin-kind;(3)off-site,outof
thewatershed,andin-kind;and(4)off-site,outofthewatershed,andout-of-kind(Ecology1990).
The Port'smitigationforwetlandimpactsfollowstheserecommendationsand themajorityof
mitigationformostwetlandfunctionsislocatedon-site,butoutsideoftheSTIA operationsareato
avoidhazardstoaircraft.However,creatingnew wetlandhabitatwithintheSTIA operationsarea
was eliminatedfrom considerationbecausethe sitecriterialistedabove couldnot bc met.

Additionalon-sitemitigationnearSTIA was not consideredbecauseitcouldbc subjectto
degradationfromwildlifecontrolforsafetyreasons.Therefore,considerationofoff-sitemitigation
was necessary.

7.2.3.1 Wetland Mitigation and Aircraft Safety

Bird-aircraft collisions (bird strikes) are a significant concern to the Port, the FAA, and the aviation
community in general. Bird strikes threaten passenger safety, result in costly aircraft repair, cause
passenger delays, and decrease revenue for commercial air carriers (Soloman 1973; Seubert 1977).

44This estimate is based on a drainage channel of about 1,200 linear feet that requires a construction footprint averaging
80 feet in width. It is assumed this channel is constructed in existing drainage ditches or abandoned farmland that are
Waters of the U.S.
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annual costs due to bird strikes have been estimated to be $112 million to

(Conover et al. 1996). Conover et al. (1996) estimate that for civilian aviation,

bird strikes are unreported, and that the annual ram for civilian aircraft is 6,240

these strikes was not estimated). Annual loss of life associated with bird strikes

fatalities for all branches of the military, and 3.7 fmslities for civilian/commercial

al. 1996). For these masons, bird control in and around airports has become an

of ah-pon management.

strikes at STIA are summarized in Table 7.2-1. The FAA (as part of the Part 139

Program) requires STIA to maintain and implement a WHMP (USDA 2000)
hazards. Because of certification requirements and the Port's desire to

operations, it is compelled (where feasible) to eliminate bird hazards as part of
These hazards can be eliminated or reduced by hazing (scaring) birds from

wildlife (per permits issued by the USFWS), or modifying habitat so it is no
wildlife creating the hazards.

reported bird strikes at Seattle-Tacoma International Airport (1979-1999).

Year Nnmber of Strikes*

1979 5

1980 8

1981 14

1982 4

1983 8

1984 3

1985 11

1986 12

1987 11

1988 7

1989 13

1990 35

1991 22

1992 13

1993 14

1994 22

1995 20

1996 27

1997 27 b

1998 13 b

1999 21

Average 14.8

mayinvolve more than I bird.
includecarcassesfoundneartheairfield.
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FAA policy regarding wildlife attractants near airports includes the position that any activity or land

use on or near an airport that threatens aircraft safety by attracting or sustaining hazardous wildlife
is not a compatible land use (FAA 1997b). The FAA recommends all new wildlife attractants be
10,000 ft from turbine aircraft movement areas (AM.As) and 5 miles from an airport where wildlife

could be attracted to or across the airport's approach or departure airspace. The FAA and the Port

believe that wetland mitigation created as habitat for wildlife is a land use that should not occur near
STIA.

There are compelling reasons to support decisions to mitigate for wildlife habitat mitigation greater
than 10,000 ft from active runways. Port of Seattle Position Paper re: Off-Airport Mitigation of
Wetland Wildlife Habitat Function (Port of Seattle 1998b) provides detailed explanation of off-

airport mitigation needs. The reasons for off-airport mitigation discussed in that paper are
summarized as follows:

• Creation of wetland wildlife habitat near the airport would increase the hazards to passenger

safety. In the United States, more than 1,700 bird strikes occur each year. Worldwide since
1995, 74 people have been killed as a result of bird strikes and four large aircraft have been

destroyed. For these reasons, FAA Advisory Circular 150/5200-33 recommends locating
replacement wetlands more than 10,000 ft from runways serving turbine-engine airplanes.

The FAA and the Department of Agriculture Animal Damage Control Division believe
strongly that wetland wildlife habitat should not be created near STIA.

• If the Port were to create wetland wildlife habitat near the airport, it would be required to
manage the wetland to prevent its attraction to birds. These management activities could be
directly contrary to the key purpose of creating the habitat.

• The FAA has required, as a condition of its approval of the STIA improvements and as a
condition of federal funding, that the Port comply with the FAA Advisory Circular and

locate the replacement wetlands in Auburn. If the Port did not follow this requirement, it
would likely lose essential federal funding for the airport projects.

• Constructing a replacement wetland in proximity to the airport raises liability concerns for
the Port. Federal courts have found airport operators liable for failing to mitigate and warn
pilots of wildlife hazards.

Considering the Port's and the FAA's mandate to provide a safe environment for aircraft operations,
the construction of wetland mitigation to provide wildlife habitat is not feasible near (within 10,000
ft) an existing or proposed runway. A mitigation project designed to provide forest and shrub
wetland (to discourage waterfowl use and replace functions in-kind) could attract additional

numbers of birds known to be a strike hazard at the airport. While the mitigation is planned to avoid

attracting other birds, it is potential habitat to many species. These include flocking birds (starlings,
blackbirds, and pigeons), raptors (owls and hawks), and other common passerine (perching) birds.
If increased numbers require management actions by the Port and FAA (such as modification of the

mitigation site to discourage wildlife use), management would be contrary to federal and state
wetland regulations and policies regarding mitigation.
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The Port is attempting to decrease the aircraft/bird strike hazard at STIA as described in the WHM
(USDA 2000). The addition of new wildlife habitat near airport runways could tmdemmle the

ongoing effort to maintain and enhance airport safety and would not meet the goals of the Master

Plan Update in which landing and takeoff safety is a major consideration.

7.2.3.2 On-site Locations

A GIS database (Puget Sound Regional Council 1994) was used to locate potential mitigation sites
within the Miller Creek and Des Moines Creek watersheds. The (}IS program identified all
undeveloped, non-forested, non-wetland sites with average slopes less than 5 percent. It was

assumed that, if available for purchase, these were the minimum criteria necessary for a suitable
mitigation site. Based on these criteria, 19 potential mitigation sites were identified (Figure 7.2-3).
The suitabilityof thesites(althoughallarewithinthe 10,000-flradiusof concernforwildlife

hazardstoaircraft[FAA 1997b])forwetlandmitigationwas evaluatedduringsitevisitson August
28,1996(Table7.2-2).

The site selection criteria were altered because undeveloped sites greater than 50 acres were lacking
in the two watersheds. For this level of analysis, it was assumed that drainage conditions on each

site identified by the GIS program could be modified to retain adequate water to support wetlands,
so evidence of high water tables was not considered. For this project, a mitigation site in excess of

50 acres is preferred because it would allow a mitigation ratio of at least 2:1 and allow protection of
the site with adequate wetland buffers. In addition, sites greater than 50 acres would combine the

functions of several small, isolated wetlands in a single large wetland mitigation project. This
approach would enhance the probability of achieving mitigation goals, ensuring long-term

protection, and ultimately providing wetland functions to compensate for project impacts (Federal
Register 1995; Hurt et al. 1998). However, all sites greater than 10 acres were evaluated because
there were few large undeveloped sites on suitable terrain in either watershed.

7.2.3.3 Off-site Locations

The search for off-site mitigation areas began by reviewing over 100 parcels for their suitability as

wetland mitigation. The review focused on sites larger than 50 acres because of the acreage needed

to mitigate impacts and the ecological and logistical advantages of developing mitigation on a single
site. Other constraints identified for off-site areas included:

• Site selected should be in proximity to impact site and not conflict with other planned
wetland mitigation projects in the Duwamish watershed

• Land not constrained by development restrictions (such as King County's Farmland
Preservation Program)

• Land that is economically feasible for purchase and construction of desired mitigation

• Sites greater than 10,000 ft from proposed or existing STIA runways

• Sites greater than 5,000 ft from general aviation runways (for airports located within the
Cities of Auburn and Kent)

. Sites located in WRIA 9
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In addition to the above constraints, a preference was given to suitably sized, non-wetland areas that
were close to surface water or other riparian habitat areas. The mitigation site would then provide

ecological functions to off-site areas.

Of 11 sims larger than 50 acres, five were rejected as unsuitable due to the large amount of wetlands
present or because they offered minimal opportunity for habitat improvement. Of the six remaining
sites, two were not available for purchase, the development fights of twQ were owned by King
County for farmland preservation, and one site had been purchased by the City of Kent for its own
mitigation purposes.

The remaining site, analyzed in this plan, has several attributes that make it favorable for wetland
mitigation. It is large enough to accommodate the entire wetland mitigation project and has
physical features that could successfully support the proposed mitigation approach. These features
include proximity to the Green River and a seasonally high water table.

The mitigation site is within the boundary of the Mill Creek SAMP (ACOE 1997). This mitigation
project enhances existing wetlands and creates wetlands from upland areas, enhances the aquatic
resources of the basin, and is consistent with the goals and objectives of the SAMP. The Draft
SAMP identifies specific wetland areas on which development would be permitted by a Regional
General Permit, and other areas where protection and enhancement of wetlands will be required.
The overall goal of the Draft SAMP is to provide for aquatic resource protection and economic
development in the Mill Creek basin while assuring no net loss of aquatic resource functions and
values of the basin.

7.2.4 Constraints

No construction or implementation constraints have been identified that would affect the success of
the wetland mitigation at the Auburn site.

7.2.5 Ecological Assessment of the Mitigation Site

The ecological conditions of the upland and wetland areas of the proposed mitigation site are
discussed in this section. The existing wetlands are described in more detail in Appendix A of the
Wetland Delineation Report (Pammetrix 2000b).

7.2.5.1 Existing Site Conditions

Vegetation

The mitigation site consists primarily of abandoned agricultural land. Vegetation is a mix of native
and non-native herbaceous species, including meadow foxtail (Alopecurus pratensis), Canada
thistle, quackgrass (Agropyron repens), timothy (Phleum pratense), orchardgrass, colonial bentgrass
(Agrostis tenuis), and patches of reed canarygrass (Table 7.2-3). Other non-native species scattered
throughout the area include cocklebur (Xanthium strumarium), common dandelion (Taraxacum
officinale), and climbing nightshade.
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Table 7.2-3 Plant species observed on the mitigation site and adjacent riparian areas during delineation site vbdts
in October 1995 and 2000.

Sdentifle Name Common Name V_S *

Trees Alnusrubra Red alder FAC

Crataegus dauglasii Douglas hawthorn FAC

Fraxinus latifolia Oregon ash FACW

Populus tr/chocarpa Black cottonwood FAC

Prunus emarg/nata Bitter cherry FACU

Shrubs Acer circinatum Vine maple FACU

Comus stolonifera Red-osier dogwood FACW

Corylus cornuta Bc_ed hazelnut FA CU

Cytisus scoparius Scots broom NI

Populus trichocarpa (saplings) Black cottonwood FAC

Rosa nutkana Nootka rose FAC

Rosa pisocarpa Clustered wild rose FAC

Rosa sp. Rose

Rubus discolor Himalayan blackberry FACU

Rubus laciniatus Evergreen blackberry FACU

Rubus ursmus Pacific blackberry FACU

Salix spp. Willow FACW

Salix scouleriana Scoulcrwillow FAC

Symphoricarpos albus Snowberry FACU

Herbs Agropyron repens* Quackgrass FAC

A grostis alba Redtop FA CW

Agrostis tenuis* Colonial bentgrass FAC

Alopecurus geniculatus Water foxtail OBL

Alopecurus pratensis* Meadow foxtail FACW

Cirsium arvense * Canada thistle FACU

Cirsium vulgare* Bull thistle FACU

Dactylis glomerata * Orchardgrass FACU

Dipsacus sylvestris Teasel FAC

Eleocharis palustris Creeping spikerush OBL

Epilobium ciliatum Willow-herb FACW

Equisetum arvense Field horsetail FAC

Festuca arundinacea* Tall rescue FAC

Festuca rubra Red fescue FA C+

Geranium Slap. Cme's-bill FACU

Holcus lanatus* Common velvetgrass FAC

Juncus effusus Soft rush FACW

Juncus spp. Rush FACW

Lolium perenne Pe_maial rye grass FACU

Natural Resource Mitigation Plan 7-19 November 2001

Seattle-Tacoma International Airport 556-2912-001 (03)
Master Plan Update

AR 029584



Table _.2-3. Plant species observed on the mitigation site and adjacent riparian ureas during delineation site
visits in October 1995 and 2000 (continued).

Scientific Name Common Name WIS '

Lores corn/cu/ams Birds foot trefoil FAC

Pha/ar_ arundLnacea* Reed canarygrass FACW

Phleum pratense* Timothy FAC

PhragmLtes communLs Common reed FACW

Plantago/anceolata English plantain FAC

Poa pratensJs* Kentucky bluegrass FAC

Polysfichum munitum Sword fern FACU

Ranunculus repen_ Creeping buttercup FACW

Rumex cr/_pus Curly dock FAC

Sc/rpus acums Hard-stem bulrush OBL

Solanum dulcamara* Climbing nightshade FAC

Symphoricarpos albus Snowb_ry FA CU

Tanacetum vulgare* Common tansy UPL

Taraxacum officinale Co,_mon dandelion FACU

Trifolium pratense Red clover FACU

Typha latifolia Co,,rc.on cattail OBL

Xanthium strumarmm Cocklebur FAC

* These species are dominant on portions of the site.

a Wetland Indicator Stares (Table 7.2-4).

Table 7.2-4. The wetland indicator status (WIS) system for determining a species adaptation to wetland
conditions.

Category Symbol Definition

Obligate Wetland Plants OBL Obligate wetland plants occur almost always (esl_nated
probability >99%) in wetlands under natural conditions, but
may also occur rarely (estimated probability <1%) in non-
wetlands.

Facultative Wetland Plants FACW Facultative wetland plants usually occur (estimated probability
67% to 99%) in wetlands, but may also occur (estimated
probability 1% to 33%) m non-wetlands.

Facultative Plants FAC Facultative plants with a similar likelihood (estimated
probability 33% to 67%) of occurring in wetlands or non-
wetlands,

Facultative Upland Plants FACU Facultative upland plants usually occur (estimated probability
67% to 99%) in non-wetlands, but also occur (estimated
probability 1% to 33%) in wetlands.

Obligate Upland Plants UPL Upland plants occur almost always (estimated probability
>99%) in non-wetlands under natural conditions.

+ Used in conjunction with a category to indicate a somewhat
greater probability to occur in wetlands.

Used in conjunction with a category to indicate a somewhat
lower probability to occur m wetlands.

Source: Environmental Laboratory (1987)
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Three emergent wetlands are present at the Auburn site (totalling about 19.5 acres [see Figure 7.2-

2]). The wetlands are dominated by non-nadvo pasture grasses that include meadow foxtaik redtop
(Agrostis alba), colonial bentgrass, q--ckgrass, tall fescue, common velvetgrass, and patches of
reed canarygrass. Other herbaceous species in the wetlands include soft rush (Juncus effusus) and
creeping buttercup. Along the western edge of the site are scattered black cottonwood and red alder
trees.

A variety of shrubs and trees are scattered along a fence line at the southern boundary of the site.
Shrubs found along the fence line include Himalayan blackberry, vine maple, roses (Rosa sp.),

snowberry (Symphoricarpos albus), and red-osier dogwood (Comus stolonifera). Tree species
present in this area are Douglas hawthorn (Crataegus douglasiO, Oregon ash, and black
cottonwood. The herbaceous community in this area is dominated by reed canarygrass.

In the summer of 1998, the northern one-fourth of the property was plowed and diseed by a farmer

leasing the land to the north. 45 Pasture grasses such as tall fescue (Fesmca arundinacea) and
perennial ryegrass (Lolium perenne) currently dominates this portion of the site, and weedy forbs
such as bull thistle (Cirsium vulgare) and willowherb (Epilobium ciliatum).

Hydrology

There are no natural surface water features on the mitigation site. Two streams, the Green River

and Auburn Creek, are located near the mitigation site. The Green River flows from south to north
about 100 to 150 it east of the mitigation site. At this location, the river base elevation is about 12
to 15 it below the site elevation. The river channel consists of a steep bank, largely vegetated with
red alder and black cottonwood saplings. North of the mitigation site and north of South 277th
Street, King County sensitive areas maps (King County 1990) shows an intermittent stream, Auburn
Creek (see Figure 7.2-1). This stream drains pasture and farmland and flows into the Green River
about 1 mile north of the mitigation site. At the confluence of Auburn Creek and the Green River, a
small dike, culvert, and flap gate provide flood control.

Overland flow enters the site through a wetland drainageway, or shallow swale, that crosses the
middle of the site. For short periods following heavy rainfall, this shallow swale contains surface
flows and conveys water from south to north across the site. This shallow drainage swale is
connected to the 100-year floodplain of the Green River at the very northwest comer of the site
(Figure 7.2-4). The eastern portion of the mitigation site is not within the 100-year floodplain of the
Green River because the eastern edge of the site is several feet higher than the 100-year flood
elevation of the river (see Figure 7.2-4). A drainage ditch on the mitigation site conveys stormwater
and surface water runoff fi'om the northwestern portion of the site to other ditches along South 277 th
Street. This water eventually flows into the Green River via a series of drainage ditches also called
Auburn Creek.

Since September 1995, the groundwater hydrology of the site has been monitored using shallow
groundwater monitoring wells (see Figure 7.2-2). Three representative wells are presented in
Figures 7.2-5 through 7.2-7. The well data indicate groundwater levels that are within 18 inches of
the surface at a number of locations, and generally within 36 to 24 inches of the soil surface for
extended periods of time during the late fall, winter, and early spring months. Wetlands on the

45The Port did not authorize this activity and the Port's property was not planted.
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mitigation site appear to be largely supported by this seasonally high groundwater table. In

addition, wetland hydrology is supported by on-site precipitation that perches in the low
permeability soils, resulting in saturated soils and extensive areas of shallow surface water ponding

during the rainy season (see Figures 7.2-5 through 7.2-7).

At all well sites, groundwater elevations were lowest in late summer and early fall. Groundwater

elevations were highest during and immediately after winter and early spring rain._. Groundwater

monitoring data show that following early fall precipitation (October, November) and subsequent
soil saturation, groundwater elevations on the mitigation site rise by approximately 5 to 8 ft (see

Figures 7.2-5 through 7.2-7). Groundwater elevations fall slowly during periods of low
precipitation. The changes in groundwater elevation in response to precipitation are largely

independent of variations in surface water elevation in the Green River because the river elevation is
typically below the groundwater levels observed on the site (Figure 7.2-8).

Well data indicate that groundwater in the mitigation area is perched over a low-permeability clay

layer and generally flows northwesterly in the same direction as surface water (Figure 7.2-9 through

7.2-11). A groundwater divide occurs approximately 700 fi west of the Green River (see Figure
7.2-9). East of this divide, groundwater flows eastward toward the river. West of the divide, water
flows to the northwest.

Soils

The soils on the mitigation site are alluvial in origin, developed from material deposited on the site

by the Green River. The surficial layers of these soils are a complex of silty mineral soils,

frequently with lenses of fine sand intermixed. Plowing has mixed the surficial layers of soil,
typically to a depth of 9 to 10 inches.

The King County Soil Survey (Snyder et al. 1973) maps soils on the site as the poorly drained
Briscot, and Oridia silt loams, and the somewhat poorly drained Renton silt loam (Figure 7.2-12;

Table 7.2.5). Briscot, Oridia, and Renton silt loams are designated as hydric soils on the King

County, Washington Hydric Soil List (NRCS 2000). 46

Table 7.2-5, Drainage characteristics of soils occurring on the mitigation site.

High Water Table Flooding

Permeability Depth
Soil Series _ Drainage Class (in/hr)b (ft) Months Frequency Duration Months

Briscot Poorly 0.63-2.0 1 to -1 Nov-Apr Occasional Brief Dec to Feb

Oridia Poorly 0.20-2.0 1 to 3 Nov-Apr Occasional Brief Nov to Apr

Renton Somewhat poorly 2.0-6.3 1 to 1.5 Nov-Apr Common Brief Nov to Apr

Source: USDA (1973).

' All soils are classified as hydric (wetland); however, evaluation of on-site conditions indicate non-hydric soil
inclusions occur throughout the site.

b Within the top 20 inches of soil.

46Because the soils on the site are mapped as hydric, andfarming activities including ditching have occurred, mitigation
on the site could be considered restoration. Because the Port's mitigation establishessome wetland classes that probably
did not historically occur on the site, the term "creation" is used for mitigation in uplandportions of the site.
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The published soil descriptions are generally consistent with the results of the laboratory and field
analysis of soil performed by Parametrix in October 1995 and soil data collected in the fall of 2000
(Parametrix 2000b). Field observations and analytical test results indicate that two general soft
profiles occur on the proposed mitigation site: a wetland soil profile and an upland soil profile
(Figure 7.2-13).

The wetland soil profile generally consists of a 6-inch organic layer that covers a 72-inch layer of

clayey silt (see Figure 7.2-13). The first 24 inches of the clayey silt are tmiform, with mottles
dispersed throughout. This uniformity is likely a result of past plowing. Below the uniformly
mixed silt, the soil is stratified to layers of gray silt and sandy silt that grades to a sandy silt layer at

a depth of about 72 inches. Below the sandy silt are 12 to 16 inches of very compact clayey silt.
Below the clayey silt layer, the soil grades to a tmiformly fine sand layer. The permeability of the
clay silt varies between 0.001 to 0.003 inches/hour (determined at two locations). Because of the
thickness of the clayey silt layer and the absence of an underlying fine sand (as found in the adjacent
upland soils described below), these soils drain slowly, allowing hyddc soil characteristics to
develop.

In the upland portion of the site, including the areas outside the existing wetlands that would be
graded under the proposed mitigation design, the upper 30 inches of soil is similar to the wetland
soils described above (see Figure 7.2-13). A 6-inch topsoil layer is present over a 24--inch,
uniformly mixed layer of clayey silt with dispersed mottles. Below 30 inches a 36- to 66-inch layer
of uniform gray, fine sand (with some silt) is found. A 6- to 8-inch-thick clayey silt layer was
encountered between the 72- and 96-inch depth. Below this clayey silt, the soil returns to a uniform
fine sand. The sand layer located near the soil surface and a relatively thin clay silt layer in these
soils allow them to drainmore rapidly than the wetland soils.

7.2.5.2 Environmental Site Assessment

A Phase I Site Assessment of the mitigation property was conducted in December 1995
0aarametrix 1995). The report was prepared according to guidelines described in American Society

for Testing and Materials (ASTM) Standard Practice for Environmental Site Assessments: Phase I
Environmental Site Assessment Process (ASTM E 1527). The assessment indicates no
environmental conditions of concern associated with past or current use of the site and adjacent
properties.

7.2.5.3 Wildlife Habitat

The mitigation site consists of abandoned agricultural land that is dominated by grasses and forbs.
The properties immediately adjacent to the site to the north and south are actively farmed. West of
the site, wildlife habitat has been largely eliminated by residential development. No permanent
aquatic habitat is found on the site, although the Green River provides aquatic habitat near the
eastern site boundary. Forest slopes along the east bank of the Green River provide habitat
connectivity to riparian and other wetland systems, and forested areas. The WDFW Priority
Habitats and Species database identifies the palustrine emergent wetland that bisects the site as a
priority habitat (all wetlands are considered priority habitat by WDFW).

Habitat quality of the existing wetlands and the adjacent grassy uplands is relatively low due to a
number of factors. The relatively uniform pasture grass vegetation is dominated by non-native plant
species, lacks structttral diversity, has low plant species diversity, and lacks habitat complexity.

NaturalResourceMitigationPlan 7-32 November2001
Seattle-TacomaInternationalAirport 556-2912-001(03)
MasterPlanUpdate

AR 029597



WETLAND CORRIDOR UPLAND REGION

_, _,, . 6 | ORGANICORGANIC
• _ •- _-,*'_ _, INCHESJ LAYERLAYER '__ "" ;" " " "" _"_" _'"

7
24 / SILT WITH

INCHES_ SOME CLAYSILT WITH
SOME CLAY

AND MOTTLES

60-72
INCHES

I_-_ FINE SANDWITH SOME

_ SILTS

SANDY F 6-12

SILT _INCHES

CLAYEY SILT 12.16 l 12-16 CLAYEY SILT

7.12x108 cm/sec INCHES I INCHES 7-12x10e crrvsec

FINE FINE
SAND SAND

POS Natural Resource Mittglt_N556-2912-001/O1(03) 12/00

Figure 7.2-13
Typical Soil Profiles at

DataCompiledbyParametrix the Wetland Mitigation Site

AR 029598



Small mammals use the area for feeding and breeding. The site may provide foraging habitat for

raptors,such asNorthern harriersandred-tailed hawks. Apart from the tall pasture grasses there is a
general lack of cover from predators,and a lack of habitat complexity (e.g., pits and mounds, LWD)
that provides for breeding, resting, and/or thermal cover for small mammals. For most passerine
bird species, the site lacks habitat structure for nesting, protection from predators, thermal cover, or
perching. A narrow band of shrub vegetation along the southern boundary provides limited forage
and perching habitat. Amphibian habitat on the site is currently limited by a lack of seasonally
inundated pools, forest cover, and LWD.

Tracks or scat of coyote, mink; deer, and raccoon were observed on or near the mitigation site
during the site assessment. Species observed on the site include kingfisher, short-eared owl, barn
owl, common snipe, red-tailed hawk, common yeUowthroat, and mallard duck. Most of these

species appeared to be most abundant in the eastern portion of the site next to the Green River.

7.2.5.4 Functional Changes Anticipated at the Auburn Mitigation Site

The off-site wetland mitigation site is designed to replace wetland habitat functions affected by
implementation of the proposed Master Plan Update improvements. The proposed design of the
mitigation site will also provide additionalmitigation for wildlife species using wetland buffer areas
and other upland habitats at the airport. While about 20 acres of the mitigation site contains
wetlands, the net result of the proposed mitigation is beneficial to these wetlands in that it restores
them to amore naturalcondition, with higher habitat functions, as discussed below (see Table 4.1-2;
also see Table 4-16 in Parametrix 2001b). There would be no adverse changes to the physical or
biological functions provided by the existing wetlands on or near the site.

Wildlife Habitat

Construction of the forested, shrub, and emergent wetlands would create conditions that provide
habitat for a variety of wildlife species (Table 7.2-6). Habitat structure and availability will change
as vegetation matures over the next several decades, and the wildlife species using the site are
expected to change over time (Table 7.2-7). Plant species proposed for the wetland mitigation area
and their values to various forms of wildlife are presented in Table 7.2-8.

Post-construction habitat structure in forested wetlands would be similar to a regenerating forest,
and would develop mature forest habitat attributesafterseveral decades (Figure 7.2-14). The shrub
undcrstorywould enhance development of habitat structure. Songbird use in early stages of habitat
development would include foliage and bark-gleaning species (kinglet, chickadee, bushtit, and
vireo) that forage in the area. In later years, Oregon ash, vine maple, willows, redcedar, and western
hemlock seed production would be used by additional songbird species. Small mammals would
likely forage on the forest floor for seeds and invertebrates, even though optimal habitat conditions
would not occur for one or more decades. As a tree canopy begins to develop, it would provide
nesting habitat and cover forpredatoravoidance.

Post-construction habitat structure in shrub wetlands would generally be similar to that of forested
systems during the first several years of development (see Figure 7.2-14). However, since shrub
communities would periodically be flooded, ground-dwelling animals would be less common. The
shrub community would reach functional maturity in 15 to 25 years following planting (see Figure
7.2-14).
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Table 7.2-6. Wildlife species expected to occur in the Auburn wetland mitigation site after construction.

Habitat Type

Permanently Seasonally
Flooded Flooded Abandoned

Emergent Emergent Shrub Forest Riparian Agricultural
Common Name Wetland Wetland Wetland Wetland Forest Land

Amphibians

Northwestern X X X X
._ l_m_nde1"

Long-toed _alarnander X X X X

Pacific giant salamander X X X

Rough-skinned newt X X X

Ensatina X

Wcstem toad X X

Pacific chorus flog X X X X X

Red-legged frog X X X X X

Bullfrog i X

Reptiles

Common gartersnake X X X X X

Birds

Greatblueheron X X X X

Canadagoose X X X

Green-wingedteal X X X

Mallard X X X X

Northern pinmil X X X

American pigeon X X X

Osprey X

Bald eagle X

Northern harrier X X X

Red-tailed hawk X X X

Killdeer X X X

Common snipe X X

Herring gull X X

Rock dove" X

Western screech-owl X X

Rufoushummingbird X X

Beltedkingfisher X

Downy woodpecker X X

Northernflickcr X X

Pileated woodpecker X

Willow flycatcher X X

Amcrica_northwestem X X X X X
crow

Black-capped chickadee X X

Bushtit X X
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Table 7.2-6. Wildlife species expected to occur in the Auburn wetland mitigation site after construction
(eom_inued).

Habitat Type

Permanently Seasonally
Flooded Flooded Abandoned

Emergent Emergent Shrub Forest Riparian Agricultural
Common Name Wetland Wetland Wetland Wetland Forest Land

Bewick's wren X X X

Winter wren X

Marsh wrco X X

Golden-crownedkinglet X

Ruby-crowned kinglet X X

American robin X X X X

Variedthrush X X

Eurcrpean starling ' X X X

Yellow warbler X X

Yellow-rttmped Warbler X X

MacGillivray's warbler X X X

Common yellowthroat X X

Wilson's warbler X X

Rufous-sided towhee X X

Fox sparrow X X

Song sparrow X X X X X X

Dark-eyed junco X X

Red-winged blackbird X X X X

Brown-headed cowbird X X X X X X

Arncricangold_finch X X

House sparrow • X

Mammals "

Vagrant shrew X X X X

Pacific water shrew X X

Shrew-mole X

Pacific mole X

Pacific jumping mouse X X

Raccoon X X X X X

Mink X X X X X

Stripedskunk X X

Coyote X X X

Red fox X X X

• This is an mtroduced species.
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Emergent communities would provide resting and foraging habitat for shore and water birds within
1 year of planting. After 2 to 3 years, most of the intended wildlife functions should be present, and
in the following 5 to 10 years, relatively mature communities should be present.

Tree-nesting songbirds (such as thrushes, vireos, and warblers) are expected to use horizontal
branches for nesting when the canopy closes enough to provide cover. Leaf litter and forest detritus
would begin to accumulate, providing habitat for the invertebrates (Pennak 1989) that amphibians
(such as ensatina), small mammals, and ground foraging birds feed on. Small mammals, in turn, are
likely to become food for predators, such as barred owls. Over several decades, disease or
competition for light would result in mortality. Dead and decaying trees would provide woody
debris and snag habitat for flickers, woodpeckers, and small cavity-nesting birds.

The shrub and emergent wetlands should achieve stable habitat conditions earlier than the forested
wetland community. Shrub wetland communities should produce forage and nesting opportunities
within 2 to 10 years. Swainson's thrush and Wilson's warblers use moist shrub habitats for nesting
and foraging. Berries produced by salmouberry, red elderberry, and red-osier dogwood are used by
several insectivorous songbird species to supplement fall and winter diets (Ehrlich et al. 1988).
Mink, shrews, and other small mammals would exploit these insect and aquatic invertebrate food
sources. Wading birds, such as great blue herons and bitterns, can feed on small mammals and
amphibians.

Amphibian use, however, would likely be limited by immigration rates because of the lack of
existing amphibian habitat in the area Some species, such as Pacific giant salamander,
northwestern salamander, and rough-skinned newt, commonly migrate through terrestrial habitats
and could use the mitigation site.

Although flooded emergent wetlands can provide substantial forage opportunities for ducks, habitat
use would vary with proximity to upland predator cover. Waterfowl, which are wary of dense

shrubs (which allow predators to approach undetected), prefer interspersion of flooded emergent
vegetation and open water. Slough sedge (Carex obnupta), spike-rush (Eleocharus palustris), and
horsetail are all species preferred by dabbling ducks and geese during migration (Payne and Bryant
1992). Narrow-leaf bur-reed (Sparganium emersum) is preferred by dabblers and migrating wood
ducks. As decaying vegetation builds up in flooded areas, shovelers, pintails, and other diving
species could forage on growing populations of plankton, algae, aquatic insects, and snails.

Over time, portions of properties adjacent to or near the mitigation site may be developed for
commercial and/or residential uses. Depending on the nature of any development and its proximity
to the mitigation site, some changes to the wildlife habitat functions provided by the mitigation site
may occur. The 65-acre mitigation site is large enough to provide key habitat functions for target
wildlife species. The proximity of the mitigation site to riparian habitat corridors along the Green
River will ensure that the project is connected to other terestrial and aquatic habitats.

If significant areas of famfland near the mitigation site are developed, use of the mitigation area by
non-water dependent wildlife (i.e., mammals such as deer, coyote, and red fox) may decrease
because these species may be eliminated from adjacent areas. Development of nearby land with
residential uses may increase use of the site by dogs and cats. Dogs and cats could affect some
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wildlife populations on the mitigation site (i.e., ground-nesting birds and small mammals could be
subject to increased predation or cats could become a food resource for coyote). Depending on the
exact proximity of development to the wetland buffer and the intensity of human use, wildlife use of
the buffer could be reduced. Alternatively, wetland protection and restoration on nearby parcels that
contain wetlands (likely required by existing regulations) could result in increased habitat for
wildlife and enhanced wildlife function of the mitigation site.

Hydrology

Hydrologic conditions and functions at the wetland mitigation site are anticipated to be stable over
the long term, even if future development occurs nearby. Hydrologic monitoring on the wetland
mitigation site has been ongoing since September of 1995. The monitoring indicates that favorable
subsurface hydrology necessary for creating wetlands exists, and the probability of successful
wetland mitigation is high. Further, in planning the mitigation project, contingency actions were
identified that will be implemented if post-construction monitoring indicates that performance
standards for the wetland are not achieved.

Monitoring results indicate that seasonally high groundwater levels on the site are maintained by
precipitation. This conclusion is based on observations of rapid increases in groundwater during
mid to late fall, often within several days of heavy rainfall. The rates of water level increase are

more rapid than one would expect if the high water table were dependent on groundwater
movement from off-site areas. Because the site hydrology is largely precipitation driven, off-site

development that may occur near the mitigation would have minimal effect on the hydrology in the
mitigation wetlands.

Finally, stormwater management (water quality and discharge) standards and/or wetland protection
and restoration requirements for development on nearby parcels will protect the hydrology of the
site. These standards are likely to prioritize infiltration, and require water quality BMPs and

detention to prevent high flow discharges. Wetland protection requirements (required by existing
regulations) could result in wetland restoration and further protect hydrologic conditions on the
Port's mitigation site.

7.3 MITIGATION SITE DESIGN

The mitigation design is based on design objectives and criteria explained in this section. This
section also explains the basis for specific design elements, including the rationale for establishing
the wetland mitigation hydrologic water regime, grading plan, and planting plan.

The mitigation design for the site consists of the following elements:

(1) Excavating two new wetland basins;

(2) Establishing native forested, shrub, emergent, and open-water wetland habitats in these
basins;

(3) Enhancing the existing emergent wetlands by replacing the non-native plant communities
with native forest and shrub communities;
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(4) Establishing a forested buffer around the perimeter of the site; and

(5) Post-construction monitoring, adaptive management, and maintenance of the site.

7.3.1 Water Regime

An ad_luate water regime is the most critical factor in establishing the desired forest, shrub, and

emergent wetland vegetationonthemitigationsite.Theduration and amount of standing water and
soil saturation control the wetland classes and plant community types suitable for the site.

Evaluation of the hydrology requirements of natural Puget Sound wetland communities (Ecology
1994a; KunTe 1994) and examination of over 5 years of groundwater monitoring data (see Figures

7.2-5, 7.2-6, and 7.2-7) indicate that it is feasible to create the hydrologic conditions necessary to
sustain the diverse wetland habitats and plant communities designed for this site.

In the fall of 2000, ACOE evaluated wetland conditions on the mitigation site (Parametrix 2000b)

and found additional wetlands, particularly on the west side of the mitigation site. The mitigation

design presented in this document reflects the most current understanding of existing wetlands and
groundwater hydrology on the site.

Excavating the two basins on the mitigation site to intercept the seasonally high or permanent
groundwater table 4s will attain appropriate hydrologic conditions for a variety of native wetland
plant communities by providing a range of soil saturation flooding conditions that will support a

variety of plants.

Following grading, ground surface elevations on the site will range from approximately 37 to 50 tL
with most of the east basin below approximately 43 fk Excavation in limited areas will be a

maximum of 12 R deep to create open-water habitat. The approximate elevations, hydrologic

regime, and wetland vegetation classes proposed for the mitigation are presented in Table 7.3-1.
The relationship of the proposed wetland vegetation zones to anticipated water levels and site
topography of the east basin is shown in Figure 7.3-1.

Table7.3-1. Proposed wetland classes,elevation rages, and hydrologicregimes.

Proposed Elevation
ProposedWetland Class Range (ft) Anticipated HydrologicRegime

ForestWetland EastBasm: 42 to 46 Seasonally saturated soil during years of typical rainfall.

WestBasra: 47 to 49 During a 10-year flood,' flooding of up to 3 ft for up to 9
consecutivedays would occur. Soil would be unsaturatedto
at least 18 inches below the ground surface during most
summer and fall periods.

ShrubWetland EastBasin: 41 to 42 Seasonally saturated or flooded with up to 1 l_ of water
West Basin: 44 m 47 during years of average rainfall. During a 10-year flood,

water could be up to 4 ft deep for 9 consecutive days. Soil
wouldgenerallybe saturated within 12 inches of the ground

48Excavationin the eastwetlandbasinwill includeconsuuctionof a flood conveyancechanneland water level control
sU'ucmrethatwill establishtypicalwet-season waterlevels ator near41 fl elevation (see AppendixE, SheetC8.2). The
basin on the west sidewillbe a closeddepression,withwaterelevationsand depthsmaintainedby seasonalvariationsin
groundwaterhydrology.
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Table7.3-I. Proposedwetlandclasses,elevationranges,and hydrologicregimes(continued).

ProposedElevation
Proposed Wetland Class ]_on_e fit) Anticipated Hydrologic Regime

surface dunng most of the _m_-r and early falL

Persistent Emergent East Basin: 38 to 41 Seasonally flooded with up to 4 ft of water during yeats of

West Basin: 42 to 44 average rainfall The water table would be at or within 6
inches of the ground surface during late summer and early
falL

Open-water/UnvegetatedEastBasin:Below38 Permanentlyto semi-permanentlyfloodedduringyearsof
WestBasin:Below42 averageram/aft. Surfacewaterwouldgenerallybe 6 to 24

inchesdeepduringlatesummerandearlyfall,butmaynotbe
presentduringyearsofextremelylowrainfall.

* Only the east basin will lie in the flondplain of the Green River. Because of flood control management of the Green
River discharge, the peak flows for 10-year and 100-year flood events are equivalent All recorded flows that could
inundate the wetland have _ between November and early March. In raost years, flood inundation would not
occur,orwouldbe forperiodsofoneto severaldays.Themaximumperiodof inundationis lessthan9consecutive
days which occurs during cold weather or the dormant per/od when the common types of wetland vegetation
planned for the site are not susceptible to impacts fi'om short duration flood events.

The new wetland areas in the east basin will be connected to the 100-year floodplain of Green River
(FEMA 1989) by constructing a vegetated swale from existing ditches located along South 277th
Street to the northwest comer of the wetland (see Figure 7.2-4 and 7.2.-1). The ditches along South

-277thStreet lie within the 100-year flood plain, and also connect to the Green River via a ditch along
86thAvenue South and Auburn Creek. The bottom elevation of the constructed ditch will be at

41 tL about 3 ft below the elevation of the 100-year flood. The new ditch connecting to the
floodplain will allow the east wetland basin to become inundated during 100-year flood events, as
backwater flooding from the Green River reaches the site through the ditch system (see Figure 7.2-
4).

The wetland mitigation is not, however, dependent on Green River flood events to maintain wetland
hydrology, as flooding is too infrequent and for too short of a time period to independently maintain
wetland hydrology (see Table 7.3-1). Wetland hydrology will be maintained by the seasonally high
groundwater elevations found on the site, and documented in Figures 7.2-9 to 7.2-11.

During the 100-year flood event (when flows exceed 8,500 cfs), water levels in the east basin will
increase by up to 3 ft. The frequency of inundation due to Green River flooding is low, with flood
events occurring exclusively between November 10 and March 21 (Figure 7.3-2, see Table 7.3-I).
The duration of flood events is also short, generally occurring for 1 to several days. Since 1970,
two flood events have occurred in March, each about 2 days in duration. The longest period of
flooding occurred for 10 days in December 1975.

The hydrologic regimes for the east and west basins will support the vegetation desired to establish
wetland functions discussed in Section 7.2.5.4, and required to replace avian habitat functions lost
near STIA. Since all plants proposed for the wetland mitigation areas are adapted to a fluctuating
water table and periodic inundation (which is common during winter months m floodplain wetlands
of western Washington), plant "die-back" as a result of flooding will not occur. All plant species
listed in Table 7.2-8 are expected to be tolerant of infrequent and brief periods of inundation during
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the dormant period, and these species are commonly found in uplands and wetlands on the
floodplains of northwest rivers. Because of the timing, duration, and frequency of flood events, they
are not expected to affect plant survival on the site. Plant survival will largely be a result of each
species' tolerance of wet soil conditions, as reflected by their "wetland indicator status" (see Tables
7.2-4 and 7.2-8). To provide additional flexibility in the control of site hydrology in the east basin
over the first few years of monitoring, an outlet control structure will be constructed near the
northwest portion of the site to regulate water levels in the wetland. The water levels will be
adjusted by raising or lowering control gates, thereby raising or lowering water levels (Appendix E,
Sheets C3, C5, and C8). However, the weir will be permanently fixed once planting is completed
and the site has been monitored forup to several years.

For the east basin, the combination of drainage channels and weir, coupled with the grading plan
(described below), will assure that saturated soil conditions (and not long-term inundation) occur in
the forest and shrub wetland planting zones (see Table 7.3-1). The weir and drainage channel will
result in a free-draining wetland basin that will maintain soil saturation (not inundation) above
elevation 41 tt. This soil saturation will be maintained even when the groundwater elevations in
surrounding soils exceeded 41 ft, because the drainage channel and weir will prevent inundation of
the new ground surface.

For the west basin, the water levels in excavated depressions will be controlled by groundwater
conditions on the site since there will be no new channel excavation to connect the basin to the

floodplain and other ditches. This grading has been planned to allow vegetation zones to be
established as indicated in Table 7.3-1. In the forested zone, the ground surface elevations to be
established are based on hydrologic monitoring summaxized in Figures 7.2-9 to 7.2-11. The
hydrologic monitoring indicated that native vegetatich with a wetland indicator status of FAC,
FAC+, FACW-, or FACW will be adapted to this hydrologic regime, as shown in Section 7.3.4.
Similarly, for other planting zones, the hydrologic regime of the wetland is matched to the tolerance
of wetland vegetation to saturated and/or inundated soils. Section 7.3.4 provides additional
information regarding plant selection and planting zones.

During the initial plant establishment phase, some control of water levels may be required to
optimize establishment and survival of the planted stock. Any necessary adjustments to water
regime are anticipated to be minor and short term, and should not be necessary after plants become
established. The Port will monitor site hydrology and plant survival carefully during the first few
growing seasons and any adjustments to site water levels will be based on these monitoring results.
The Port's wetland scientist will adjust outlet control structures, and adjustments will be fully
documented in monitoring reports. Following this initial plant establishment period, and based on
any water level adjustments made during the first few years, the outlet control structure will be set at
a fixed elevation appropriate for the site. No long-term adjustments to the outlet control structure or
site water levels are anticipated.

7.3.2 Grading

One basin will be excavated east and another basin southwest of the existing wetlands to create two
new wetland areas (Figures 7.3-3 and 7.3-4; Appendix E, Sheets C2 through C7). Excavation will
generally be to depths between 1 and 5 fl below the existing ground surface to intercept the
seasonally high or permanent groundwater table (see Section 7.3.1 for an explanation of the
hydrologic regime to be established by this grading plan). Excavation depths will be less in the west
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basin due to higher groundwater elevations, as well as to avoid impacts to the existing wetlands east
of this basin. Due to site consWaints, an area north of the west wetland basin will be used as a

temporary staging area during constnmtiom This area will be restored and enhanced after
construction is complete (see_Section 7.4.4).

Due to the high water table, the site will be dewatered prior to and during grading. Grading and site
work other than planting will take place during the dry season (e.g., June through September). Site
grading may take place in phases, if necessary, to ensure that all grading and site stabilization (e.g.,
hydroseed) can take place in one construction season. If construction of beth basins cannot be
completed in the same season (i.e., excavation, final grading, site stabilization), then the east basin
will be constructed first and the west basin the following year. Construction is currently anticipated

to begin during the 2002 dry season. Major construction activities will be limited to the period from
October 31 to March 31 to avoid any disturbance to wintering bald eagles that may be in the vicinity
of the Green River.

The proposed grading will affect about 11.9 acres of the existing emergent wetland that is described
in Section 7.2.5.1 (see Table 3.1-4). In addition, a maximum of 2.2 acres of low-quality emergent
wetland and existing wetland drainage ditches (located north of the site) will be widened to connect
with the 100-year floodplain and existing ditch systems, which will provide floodwater storage and
conveyance functions. Approximately 0.12 acre of existing wetland will be permanently impacted
by access roads. However, no net loss of wetland area will result due to the temporary use of access
roads, their restoration, and wetland creation actions planned for the remainderof the site.

Temporary maintenance roads will be constructed around each wetland basin to provide access to the
site during planting, maintenance, and monitoring. These roads will be removed and the areas
restored and enhancedwith native vegetation after construction is complete and monitoring.

7.3.2.1 Surface Soil Removal

The first grading step will be to strip off the top 12 inches of soil, which will be disposed of in an
approved, upland location off site. Removal of this soil will remove rkizomes, roots, and seeds of
the existing vegetation, and minimize re-colonization by non-native plants after native plants are
installed. Suitable subsoil material removed during excavation will be stockpiled, amended with
composted organic material that is free of weeds, spread to a depth of 12 inches, and disced into the
subsoil prior to installing plants. Approximately one-third of the excavated soil will be stockpiled for
use as topsoil in the new basins. Soils that become compacted during grading will be ripped and/or
disced to break it up and provide a suitable rooting medium forplants.

7.3.2.2 Basin Excavation and Dewatering

Approximately 440,000 cy of soil will be excavated to create the two wetland basins. Excavation
depths will range between 1 and 8 fL Due to seasonally high groundwater levels on this site,
dewatering will likely be necessary to allow excavation of the new wetland basins and site grading.
Water from site dewatering will be conveyed through a series of sediment/settling ponds and straw
bale filters to existing ditches that drain the site at the northwest comer.
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Dewatering Plan

All dewatering will be performed according to conditions of the HPA obtained for the project. The
Port estimates that the current groundwater table should be lowered approximately 5 fl below the
subgradeto facilitate grading. The dewatering plan will use approximately 45 to 50 wells that extend
into the shallow groundwater table. To lower the water table sufficiently to allow grading, water will
be pumped off site via these wells. Groundwater will be conveyed to the existing ditch that drains
the site. It is estimated that dewatering on the project site could discharge up to 4,600 gallons per
minute of groundwater while the excavation is occurring. The highest discharge rates areanticipated
to occur early in the construction season (May or June), with little discharge occurring in August or
September.

Two retention ponds will be constructed to capture runoff fi'om the Phase 1 construction staging area
located on the northwest portion of the site. Based on design criteria and runoff modeling, the
minimum total storage volume required is 3.65 acre-a. This volume will contain the 25-year summer
storm event, with a 1.5 factor of safety. A smaller pond, able to retain at least 0.77 acre-it of runoff,
will serve the northern section of the staging area. A larger pond, with a minimum storage capacity
of 3.65 acre-f,, will collect runoff from the remaining portion of the site as well as the pumped

discharge from the smaller pond.

Sediment in the pond water will be removed by an on-site alum treatment facility. The treatment
facility will consist of three coagulation tanks and one settling tank. Additional coagulation tanks
will be utilized if necessary. While treated water from the facility will be discharged off site, any
treatment plant bypass water will be discharged on site. In addition, sediment from the facility will
be redeposited on site. Surface water that accumulates during excavation will also be treated prior to
being discharged from the site. All water discharged from the site must meet turbidity standards for
water quality. These standards are less than 5 NTUs above background when background levels are
less than 50 NTUs, and no more than l0 percent above background when background levels are
more than 50 NTUs.

Ditches through which dewatering water passes will be evaluated for stability and erosion potential.
Where necessary, stabilization (such as hydroseeding or other methods) will be employed.

Drainage Easements for Dewatering

The Port has procured a temporary drainage and construction easement across the property north of
the mitigation site that allows use of an existing channel for drainage purposes. The easement also
grants the Port the right to use this channel to temporarily discharge water from dewatering wells to
be used during construction of the Port's wetlands. During the dewatering process, water will beth
temporarily channeled to the existing outfall into the Green River at South 277 Street. Other than
during the dewatering process, drainage water fi'om the Port's property will flow north through
existing drainage channels along and under South 277 thStreet, and discharge to the Green River
north of South 277 Street. The newly constructed wetland basins will generally drain to the
northwest at elevations of 42 it (east basin) and 46 it (west basin). The temporary drainage and
construction easement remains in effect until a permanent flood channel is constructed.

The location of the temporary drainage channel is shown on Appendix E, Sheet C3. A cross-section
schematic of the temporary drainage channel (i.e., wetland outlet ditch) is shown on Appendix E,
Sheet C8.
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Effects of Dewatering on Existing Wetlands

Dewatering activities on the Auburnsite arenot likely to affect the hydrology or habitatconditions in
existing wetlands located on, near, or adjacent to the mitigation site. Dewatering of the site will
occur from approximately May through September, over one or two construction seasons.49 The
purpose of dewatering is to accelerate the rate at which the water table falls during late spring, and
assure that during construction the water table is below the proposed grades of the site. During the
spring months and subsequent slimmer, the water table in the wetlands normally falls about 6 to 8 fl
over a period of 4 to 5 months (see Figures 7.2-5, 7.2-6, and 7.2-7). In May, at the time dewatering
starts, the water level in the wetlands is typically 24 inches below the ground surface, and thus below
the rooting zone of wetland plants. By late May, it is as much as 36 inches below the ground surface
and below the rooting zone of the herbaceous vegetation present on the site. Because the timing of
dewatering is such that it will occur after water levels in the wetlands have already dropped below
the root zone, wetland vegetation will not be impacted by further lowering of the water table through
construction dewatering. Since surface water is not present, dewatering will not remove surface
water thatcould provide special habitat types to wildlife.

Construction dcwatering is not proposed to lower the water table below the elevation it normally
reaches by late summer. Thus, during the fall, when soil moisture and groundwater recharge begin,
recharge rates and requirements in adjacent wetlands will the same as if dewatering had not occurred.
Thus, dewatering will not increase the length of time required for the water table to rise again in the
fall.

7.3.2.3 Topsoil Replacement and Finish Grading

Native subsoils at the Auburn site are a mix of silts and fine sands, and will be used to construct an

amended topsoil for the site. Approximately one-third of the excavated material will be selectively
stockpiled either at on-site staging areas, or offsite, for use as backfill and to construct topsoil for the
excavated areas.

Two types of soil amendments will be used to provide a suitable substrate for wetland plant
establishment on the site. The first soil type (Wetland Soil 1) will be a 3:1 mix of suitable native
subsoils with organic compost that is free of weed seeds or other unsuitable material. This soil will
be used above 42 fl elevation in the east basin and throughout the excavated area of the west basin

(Appendix E, Sheet C9). The second soil type (Wetland Soil 2) will be used below 42 fl in elevation
in the east basin to provide soil for the emergent planting zone (Appendix E, Sheet C9). Native
subsoils on the site area mix of sands, silts, and clays, and naturally formed layers that arerelatively
impervious. To ensure that subsoils used in the emergent planting zones maintain this relative
impermeability, Wetland Soil 2 will be native subsoil amended with 4 percent bentonite.

Final grades will establish elevation and hydrologic gradients that will allow the planting of the
desired native plant community types (see Figure 7.3-4). Fine grading and habitat log placement will
also establish a complex microtopography on the site, which will enhance water storage and
microhabitat diversity (Appendix E, Sheet 8.2). Habitat log placement and installation of snags will
enhance wildlife functions on the site. The landscape architect and/or wetland scientist will place

(9If conmructionweretooccurovertwoseasons,onlyportionsof thesitewouldbedewate_tduringthesecondseason.
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logs, snags, and field direct fine grading. Microtopography will be established by constructing a
series of 'pit and mound' features in the forested and shrubwetland areas. Pit and mound features
are designed to simulate the microtopography created by windthrow of large trees. Pit and mound
features will be constructed at a density of approximately four per acre. Habitat logs will be placed
predominantly in forested and shrub wetland classes, with a density of approximately 15 per acre
(Appondix E, Sheet C9).

7.3.2.4 Hydroseed

Following completion of fine grading and topsoil placement, the soil surface will be stab_ with a
hydroseed mix. Hydroseed mixes have been designed to accomplish several objectives.
Hydroseeding is part of the TESC measures and will provide short-term stabilization of the soil
surface and erosion control following grading. Hydroseeding will also allow rapid establishment of
ground cover and serve as a weed barrier to reduce colonization of the open site by invasive species.
In addition, native herbaceous understory species for the forest, shrub, and emergent communities
will be provided by hydroseeding prior to planting the overstory vegetation in these zones.

Hydroseeding will use one of three seed mixes, with the mix selected for each zone matched to the
site moisture conditions in that zone (Table 7.3-2). A wet zone seed mix consisting of OBL and
FACW species will be used below 43 it in the east basin and below 46 it in the west basin (see
Figure 7.3-4). A transition zone seed mix consisting of FACW, FAC+, and FAC rated species will
be used from 43 to 45 ft in the east basin and from 46 to 49 ft in the west basin. A native buffer seed

mix consisting of FAC, FAC+, FAC-, and FACU rated species will be used in the forested buffer
areas above 45 ft in the east basin and above 49 ft in the west basin. In addition, a low-grow seed
mix will be used to vegetate temporary construction access roads and staging areas that are located
outside the mitigation area.

Hydroseed mixes will be comprised predominantly of native grass, sedge, and rush species.
However, some non-native grasses may be included to provide rapid germination and growth for
erosion and weed control. Use of non-natives will be restricted to species that are not invasive, and
will not persist once the planted stock becomes established and canopies become closed. The buffer
zone bydroseed mix is designed to establish a low-growing ground cover of grasses that will protect
the soil and reduce erosion while minimizing competition with the planted stock. The wetland and
transition seed mixes are designed to supplement the container stock by increasing ground cover and
plant density.
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Table 7.3-2. Hydruseed mixtures.

Common nam_ Scientific Name % by weight

For use in areas designated as emergent wetland

Tall m"nn%m'ass G_cer/a e/ata 15

Water foxtail A/opecurus gemc__!___ 10

Water parsley Oemmthe sarmenwsa 10

Slough sedge Car_ obnupta 10

Beakedsedge Car_ roswata 15

Small-fi'uited bulrush Scirpus m_-v-ocarpus 15

Wool_ss Sdrp_ _ 10

Daggerleafrush Juncus ensifolius 5

Taper tip rush Juncus acum/na_ 5

Sloughgrass Becknum/asy_gachne 5

For use in areas designated as forested or shrub wetland and wet buffers

Bluewildxye g/ymasg/aucus 25

West_'n mannagI_s G/ycer/a o¢_dental/$ 8

Tall mannagras Glyceria elata 10

hairgrass Deschampsiacespitosa 10

Annual ryegrass Lolium multiflorum 15

Chewings red fescue Festoon_rubra 10

Meadow foxtail Alopecurus pratensis I0

Bentgrass Agrostis tenuis 10

Alsike clover Trifolium hybridum 2

For use in upland buffer mess

Barkley's l_'_nial ryegrass Lolium perenne 30

Red fescue Festuca rubra 35

Aurorahard fescue Festuca longifolia 35

7.3.2.5 Temporary Irrigation

An irrigation system will be installed on the mitigation site (Appendix E, Sheets L1 through L3).
Irrigation with municipal water purchased by the Port will be used during the initial stages of the
restoration to optimize conditions for plant establishment. Icrigation will provide flexibility in the
timing of plant installation, increase survival rates, and enhance growth rates of the planted stock.
Enhancing plant growth during the first few years will lead to a more rapid establishment of canopy
cover and shade on the site, and reduce re-invasion of the site by non-natives.

The irrigationsystemwillbe installed, tested, and fully operational before plantsareinstalled.
Irrigation in the existing wetland will be installed above ground to minimize ground disturbance.
Irrigation in the areas to be excavated and graded will be installed below ground.
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The irrigation system will be sufficiently durable to provide irrigation to the site throughout the first
lO years of the monitoring period. However, the system will be used the first few (one to three)
growing seasons depending on weather conditions, time of planting, etc. In subsequent years
irrigation would be used in limited areas ff replanting was requiredJ° Irrigation will likely be used
during the June through September time period, depending on weather conditions. Application rates
are planned to be less than agronomic rates, but sufficient to reduce plant mortality and promote
plant growth during the first season following planting. Once the system is no longer needed, the
system will be removed and decommissioned.

7.3.3 Landscape Plan

Native species will be planted to establish forested wetland, shrub wetland, and emergent wetland
plant communities, as well as a forested upland buffer around the edges of the site (Figure 7.3-5;
Appendix E, Sheets L5 through L10). These general community types will include six wetland plant
associations(orplantingzones)typicaloffreshwaterwetlandsandforesteduplandsinthenorthern
PugetSound basin(Figure7.3-6).Choiceofplantspecies,plantingdensities,and community
compositionisbasedprimarilyon compositionand densitiesof localwetlandplantcommunities
CKunze1994).5t Inaddition,plantspecieswerechosenfortheirvalueas foodsourcesorhabitat
elementsforwildlife.For example,thedesignincludesshrubsand emergentplantsthatare
particularlyvaluableaswildlifefoodsources(e.g.,hazelnut,Indianplum,sedges,andbulrushes).

Forestwetlandplantcommunitiesincludeblackcottonwood/Pacificwillow,redalder/saknonbcrry,
Oregonash/Pacificwillow,andwesternredcedarplantcommunities.A dogwood/willowshrub
community and a grass, beaked sedge/water parsley emergent community will be planted in wetter
portions of the site, surrounding small areasof open water in the centers of the basins. Planting black
cottonwood, Oregon ash and red alder will enhance the existing emergent wetland and the forested
communities will increase plant diversity and enhance wildlife habitat (Appendix E, Sheets L5
through L10). The upland buffer will be planted with a mix of native trees and shrubs such as
Douglas fir, big-leaf maple, vine maple, hawthorn, and Indian plum (Appendix E, Sheet L10).

Along the boundaries of the site, the upland buffers will be planted densely adjacent to the perimeter
fence with species likely to discourage intrusion into the site (e.g., tall Oregon grape [Mahonia
aquifolium], hawthorn, rose). Planting may occur in phases, with an initial planting of rapidly
growing plants tolerant of full sun followed by a second planting of species that are more shade
tolerant.

The following sections describe the general planting approach for each planting zone. The sections
identify the types of plant species, the condition of material planted (container, bareroot, live stakes,
seed, or plugs), and the planting approach (density, pattern, and area of coverage). At the time of
planting, minor variations in the plantings may occur to account for site-specific factors and the
planting season. For example, if an area is planted in late spring or summer, container-grown versus
live-stake material will be used. Similarly, during late fall, winter, or early spring plantings, a greater
amount of bareroot and live-stake versus container-grown material will be planted.

soDue to performance requirement of 80 percent lree and shrub survival by year 3 and phased planting of conifers m year
3, irrigation m year 4 may also be necessary.

smThe relation of the wetland zones to the hydrologic conditions is generally discussed m Section 7.3.1. The specific
considerations m placing particular species and community types at various elevations are discussed in Section 7.3.4.
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Figure 7.2-14 depicts the expected growth pattern of the plantings as time progresses. It is
anticipated that a mature forested wetland system will develop within 50 years.

The landscape plan for the area shows that the planting of conifer trees is phased (see landscape
design sheets in Appendix E). It is anticipated that these conifers would be planted in a second
planting phase coincident with replacement plantings that may be required to meet the year three
performance standard for plant survival. At this time, the conifer species would be planted. The
trees will be positioned such that they receive some shade from adjacent plants (trees, shrubs, and
groundcover). For the first growing season following this planting, soil moisture conditions will be
examined closely, and the use of the temporary imgatiun system may be used to reduce mortality
and promote growth.

Plant material used in the mitigation will be obtained from commercial nurseries. Nurseries will be
required to certify that the plant material is legally procured and from the appropriate geographic
sources. Plant material used will come from an area bounded on the north by the Fraser River Valley
of British Columbia, on the east by the 1,000-ft elevation of the Cascades, on the west by the 1,000-fl
elevation in the Olympic or Coast ranges, and on the south by the Willarnette Valley.

7.3.3.1 Weed Control

Invasive non-native species such as reed eanarygrass and Himalayan blackberry can reduce
successful establishment of desirable native plant species. A variety of weed control strategies are
available to treat non-native species prior to and during the native plant installation period (see
Section 4.3.2.4). These control strategies are incorporated into the planting design, or will be
implemented during the monitoring period to control invasive species. Weed control methods (in
order of preference) are:

• Dense plantings of target species that competitively exclude non-native species.

• Application of sterile straw or other biodegradable mulch as a weed bal-rier.

• Installation ofbiodegra_dable weed barrier fabric.

• Mechanical removal using mowers, line trimmers, or hand removal.

• Applications of EPA-approved herbicides by licensed applicators, as necessary.

Several methods for controlling reed canarygrass are currently proposed. An integrated approach
relying on a suite of control strategies (listed above) and adaptive management will be used to
control reed eanarygrass at the Auburn site.

Topsoil containing weed seed, roots, and rhizomes will be removed to establish appropriate wetland
hydrology over much of this site. Existing vegetation, including reed canarygrass, may also be
removed from the site by application of approved herbicides, plowing, cultivating, and allowing the
site to lie fallow. The project has been designed to anticipate some colonization of reed canarygrass
by targeting the establishment of forested wetlands that ultimately will shade out this species.
Competitive exclusion will be used early in the planting period by seeding areas with a fast-

germinating cover crop (see Table 7.3-2). Competitive grass species such as tttRed hairgrass
(Deschampsia cespitosa), sloughgrass (Beckmannia syzigachne), bentgrass, or red rescue can be
effective in establishing cover and reducing invasion by reed canarygrass. Contingency actions
could include repeated applications of herbicides, mowing, or use of weed barriers.
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7-_.2 Plant Protection from Animals

To deter plant damage by rodents (i.e., herbivory), plants may be installed with protective devices
such as plastic stem collars. Depending on the type of community and level of herbivory, deterrence
measures may range from plastic collars around individual stems to wire mesh around groups of
plants.

7.3.3.3 Perimeter Fencing

Fencing will be installed around the perimeter of the site to clearly mark the mitigation boundary and
protect the mitigation site from intrusion and damage fi'om people or domestic animals (see
Appendix P. In addition to the fence, signs will be posted along the boundary of the mitigation site,
designating it as a wetland mitigation area.

7.3.4 Native Plant Communities

The planting plan will result in establinhing five forested communities, one shrub community, and
one emergent community on the site. Four of the forested communities, as well as the shrub and
emergent communities, are wetlands. An upland forested community will be planted in buffer zones.

7.3.4.1 Forest Communities

Black Cottonwood/Willow Association

The black cottonwood/willow association is characteristic of many floodplain forested wetlands in
western Washington, including the Green River valley. The plants within this association (Table
7.3-3 and Figure 7.3-7) are adapted to large fluctuations in the water table and are tolerant of
seasonally dry soils. This zone would be planted above elevation 42 ft on the east side and above
elevation 47 ft on the west side.

Table 7.3-3. Proposed plant species for the black cottonwood/willow association.

Scientific Name Common Name Indicator Status* Condition

Trees

Alnus rubra Red alder FAC container

Fraxinus lat_folia Oregonash FACW container

Malusfusca Pacific crabapple FACW container

l_'cea sitchensis Sitka spruce FAC container/barefoot

Populus trichoearpa Black cottonwood FAC container/live stake

Salix lasmndra Pacific willow FACW+ container/live stake

Shrubs

Lonicera involucrata Twinberry FAC+ container

Physocarpus capitatus Pacific nmebark FACW- container

Rosa nutkana Nootka rose FAC container

Salix hookeriana Hooker's willow FACW container/live stake

Salix sitchensis Sitka willow FACW container/live stake

= See Table 7.2-4 for indicator status definitions.
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Red Alder/Salmonberry Association

The red alder/salmonberry association (Table 7.3-4, Figure 7.3-7) commonly occurs on wet valley

floors in seasonally flooded areas (Kunze 1994). This association will be planted above the 42-fl
elevation on the east side and above the 47-fl elevation on the west side, where year-round soil

saturation would not occur.

Table 7.3-4. Proposed plant species list for the red alder/salmonberry association.

Scientific Name Common Name Indicator Status Condition

Trees

Alnusrubra Red aider FAC container

Fraxinus latifolia Oregon ash FACW container

Malusfusca Western crabapple FACW container

Picea sitchensis Sitka spruce FAC container

Populus wichocarpa Black cottonwood FAC container/live slake

Salix lasiandra Pacific willow FAC'W+ container/live stake

Thuja plicata Western redeedar FAC container/bareroot

Shrubs

Comus stolonifera Red-osier dogwood FACW container/live stake

Lonicera involucrata Twinben'y FAC+ container

Rosa nutkana Nootka rose FAC container

Rubusspectabilis Sahnonben'y FAC+ container

Salix scouleriana Scouler's willow FAC container/live stake

OregonAshAssociation
The Oregon ash association is most commonly found in floodplains or associated with streams and

backwater sloughs (Kunze 1994). This community will be planted in the wetter portions of the forest

zone, since most of the associated species are tolerant of soil saturation and inundation well into the

spring. Oregon ash will comprise most of the canopy cover, with salmonberry and willow in the

shrub layer (Table 7.3-5; Figure 7.3-8).

Table 7.3-5. Proposed plant species list for the Oregon ash association.

Scientific Name Common Name Indicator Status Condition

Trees

Fraxinus latifolia Oregon ash FACW container

Malusfusca Western crabapple FACW container

Picea sitchensis Sitka spruce FAC contamer/bareroot

Populus trichocarpa Black cottonwood FAC container/live stake

Salix lasiandra Pacific willow FACW+ container/live stake

Shrubs

Comus stolonifera Red osier dogwood FACW container/live stake

Lonicera involucrata Twinb_y FAC+ container

Rubus spectabilis Salmonbeny FAC+ container

Salix stichensis Sitka willow FACW container/live stake
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Mixed Forest Association

The mixed forest association includes several coniferous and deciduous tree species as well as an
understory shrub component. Some of the tree species in this association are not tolerant of
prolonged saturation. Therefore, this association will be planted in the upper zone between wetland
and upland, as well as in the upland buffers (Table 7.3-6; see Figure 7.3-8).

Table 7.3-6. Proposed plant species list for the mixed forest association.

Scientific Name Common Name Indicator Status Condition

Trees

Abies grandis Grand fir FACU- container

Acer macrophyllum Big-leaf maple FACU container
Alnus rubra Red alder FAC container

Crataegus douglasii Black hawthorn FAC container

Populus trichocarpa Black cottonwood FAC container/bare root

Prunus emarginata Bitter cherry FACU Container

Psuedotsuga menziesii Douglas fir FACU container

Rhanmus purshiana Cascara FAC- container

Thuja plicata Western redcedar FAC container

Shrubs

Acer circinatum Vine maple FAC- contmner

Amelanchier alnifolia Serviceberry FACU con_ner

Mahonia aquilifolium Tall Oregon grape FACU contamer
Corylus cornuta Hazelnut FACIJ container

Oemleria cerasiformis Indian plum FACU container

Rosa gyranocarpa Bald-hip rose FACE contmner

Rosa nutkana Nootka rose FAC contmner

Rubus parviflorus Thimbleberry FAC- contmner

Sambucus racemosa Red elderberry FACU contamer

Symphoricarpos albus Snowberry FACE container

Western Redcedar Association

The western redcedar association includes deciduous as well as coniferous tree species, with an
understory of FAC and FACW shrub species (Table 7.3-7; Figure 7.3-9). Tree species such as
western redcedar and big-leaf maple are not tolerant of prolonged soil saturation. Therefore, this

association will be planted in the upper portions of the wetland zone, or above approximately
elevation 47 ft in the west basin and about 44 ft in the east basin.
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Table 7.3-7. Proposed plant species list for the western redeedar association.

ScientificName CommonName IndicatorStatus Condition
Trees

Abiesgrandis Grandfir FACU- container/bareroot

AcermacrophyUum Big-leafmaple FACU container
Alnas rubra Red alder FAC container

Populustrichocarpa Blackcottonwood FAC container/barefoot
Rhanmus purshiana Cascara FAC- container

Thuja plicata We.stem redcedar FAC container

Shrubs

Acer circinatum Vine maple FAC- container

Oemleria cerasiformis Indian plum FACU container

Physocarpus capitatus Pacific ninebark FACW- container

Salix scouleriana Scouler's willow FAC container/live stake

Existine Wetland Enhancement

The existing emergent wetlands will be enhanced by planting them with various forested and shrub
communities, including black cottonwood/willow, red alder/salmonberry, Oregon ash, and
willow/red osier dogwood plant associations (see Tables 7.3-3 through 7.3-5 and 7.3-8). Trees and
shrubs included in these associations will be infill-planted into the existing wetland vegetation.
Wetland enhancement communities will be planted at the existing ground elevations, between
elevations 45 and 49 ft.

Forest Buffers

A 100-ft forested buffer along its boundaries will protect the mitigation site from off-site disturbance
and provide additional wildlife habitat. In addition, upland forest between the existing wetland and
the newly created wetlands will create an upland/wetland mosaic to increase habitat diversity
(Appendix E, Sheets L5 through L10). Approximately 15.9 acres of forested buffer and upland will
be established.

Buffer areas on the site range from moist upland areas to wetter transitional areas between uplands
and wetlands. Transitional areas between uplands and wetlands will be planted with the western
redcedar association (see Table 7.3-7), while upland areas will be planted with the mixed forest
association (see Table 7.3-6).

Upland areas disturbed during wetland construction will be seeded using a mix of low-growing grass
species (see Table 7.3-2) prior to planting. Trees and shrubs will be planted at densities sufficient to
attain the stem density and canopy cover performance standards identified for forested wetland
habitat (see Table 7.1-2).
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7.3.4.2 Shrub Wetland Community

Willow/Red Osier Dogwood Association

The shrub wetlands will be planted with a wiUow/red osier dogwood association (Table 7.3-8, see

Figure 7.3-9). Shrubs will be planted approximately 4 to 6 fl on-center. This association will
occupy wetter areas of the site that are inundatedduring the winter months and have saturated soils
into the summer. Shrub wetlands will be planted between elevation 44 and 47 fl in the west brtqin;
and between 41 and 42 fl in the east basin (Appendix E, Sheets L5 through L10).

Table 7.3-8. Proposed plant species list for the willow/red osier dogwood shrub zone.

Indicator
Scientific Name Common Name Status Condition Comments

Comus stolonifera Red-osier dogwood FACW container/ Shrubs will be planted in
live stake approximately 85% to 90% of the

shrubzoneat spacingsrangingfrom5
to 8flon-center.

Lonicerainvolucrata Twinberry FAC+ container
Salixhookeriana Hookerswillow FACW- conlmner/

livestake

Salixlasiandra Pacificwillow FACW+ container/
livestake

Salixsitchensis Sitkawillow FACW container/
livestake

7.3.4.3 Emergent Wetland Community

Emergent wetlands in the excavated basins will be planted with native emergent species common in
the Green River valley and the northern Puget Sound region. Since wetland hydrology is designed
to create both seasonally and p_,nanently flooded areas, plants that are tolerant of extended
flooding and soil saturation will be established in these areas. The emergent zones will be planted
with an herbaceous community dominated by native sedge and rush species such as beaked sedge,
slough sedge, water parsley, small-fruited bulrush, and narrow-leaved bur-reed (Table 7.3-9; Figure
7.3-10; Appendix E, Sheets L5 through L10). Emergent communities will be planted in the wettest
portions of the site with year-round soil saturation and some areas of permanent standing water.
Emergent communities will be planted below between elevation 42 and 44 fl in the west basin
between 38 and 41 fl in the east basin.

Where emergent marsh plants are specified, they will be planted with rhizomes or stems spaced 12
inches on center. Areas that are designated for hydroseeding but have visible surface water on them

at the time of planting will be planted with marsh plants (rhizomes, rooted gems/seedlings, plugs,
etc.
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Table 7.3--9. Proposedspecies list for thebeaked sedge/water parsley emergent zone.

Scientific Name Common Name Indicator Status Condition

Carex rostrata Beaked sedge OBL plug/container

Eleocharis palustris Commonspike-rush OBL plug/container

Oenanthe sarmentosa Waterparsley OBL container

Polygonum amphibium Watersmartweed OBL container

Scirpas acut/s Hardsmn bulrush OBL plug/container

Scirpus microcarpus Small-fruitedbulrush OBL plug/container

Sparganium emersum Narrow-leafbur-r¢_l OBL plug/container

The typical growth pattern for emergent marsh plants is in monotypic patches with some

interspersioninopen,less denselyvegetatedareas,and proposedplantingwould mimic thispattern

(Figure 7.3-10). Planting shoots with rhizomes 12 inch¢s on-center in monotypic stands of varying

size,incombinationwithseedingamix ofemergentspecies(seeTable7.3-2)intheareasbetween

patches, should achieve that result. Bec,ause ponding in emergent areas is expected well into the
early summer, planting of emergent species will occur during the fall months when soils are

becoming saturated,butbeforewaterlevelsreach theirwintermaximum.

7.4 IMPLEMENTATION

The following sections de_cribe the general implementation sequence for the Auburn site. Table
7.4-1 presents a proposed implementation timeline for Auburn mitigation projects.

7.4.1 Pre-construetion Meeting

Oversight during construction of the wetland mitigation will be required to ensure that the
contractors follow the plans and specifications. Prior to any site work, a pre-constluction meeting

will be held with the Port, general contractors, engineers, landscape contractors, landscape
architects, and biologists to ensure that the work is constructed as designed, and that contractors

understand and comply with all environmental permit conditions. Both a civil engineer and wetland
ecologist will be available for on-site inspections and approval of all work during construction.

7.4.2 Site Preparation and Planting

7.4.2.1 Existing Wetlands

The majority of the existing wetlands will not be cleared of vegetation or graded during site grading

and excavation (Appendix E, Sheets C3 through C6), Non-native vegetation in the existing
wetlands will be managed before installing native plants to reduce competition, and to control

weeds. Management will include reducing cover and vigor of existing non-native vegetation. Plant
installation will occur between March and October, and weed management should occur
immediately prior to installing plants.
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Prior to the scheduled plant installation in the existing wetlands, existing vegetation will be mowed
and maintained at a maximum height of approximately 6 to 12 inches. Enhancement planlings will
be installed per the planting schedule (Appendix E, Sheets L5 through L10). Native trees and
shrubs will be installed in clumps of 5 to 10 individuals. Mowing may occur periodically to
maintain the grasses at a height of 12 inches or less. Mowing between the planted areas may be
necessary for the first 3 to 5 years of the monitoring period to minimize competition between the
planted stock and existing pasture grasses or to control invasive plants.

This weed management strategy is expected to maximiTe the success of plant establishment. Over
time, the areas in between the planted clumps will fill in with native wetland trees and shrubs
through the increase in cover from the initial planted stock, as well as colonization of new areas.

7.4.2.2 Protective Buffers

Buffers at the Auburn site will be established in a 100-fbwide zone around the perimeter of the
mitigation site, as well as in the areas between the existing wetlands and newly created wetlands
(Appendix E, Sheets C3 through C6). The existing upland areas, including the buffer around the
wetlands, are currently dominated by non-native pasture grasses and forbs. To reduce competition
from existing vegetation and to control weeds prior to planting, the cover of existing vegetation will
be reduced, and soils will be disced to prepare a substrate for the hydroseed mix and the planted
stock. During early to mid summer, existing vegetation will be mowed to a maximum height of
approximately 6 to 12 inches. The vegetation will be allowed to grow for about 2 weeks to produce
new shoots and leaves, and then herbicide will be applied per the specifications. Approximately 2
weeks after the herbicide application, the area will be thoroughly disced to mix the upper soil
profile, irrigation will be installed, and a hydroseod mix applied. The following spring and summer,
plants will be installed in the buffer planting zones.

7.4.3 Erosion Control

Prior to any site preparation and grading, sediment and erosion control measures will be

implemented to proteet on- and off-site aquatic systems from sedimentation. Generally,
construction of the wetland basins will not be prone to off-site migration of sediments due to the
level topography of the site and the lack of surface water features in or adjacent to the site. In areas
where fine sediments could potentially occur in surface waters, adjacent properties, or existing
wetlands due to construction activities, a variety of erosion control measures will be employed.
Staging areas and existing wetlands will be protected with silt fencing. Stockpiled soil lett in place
for more than 3 weeks will be stabilized with an approved native hydroseed mixture, tarp, or
appropriate BMP. In addition, a native erosion control grass seed mixture will be used to stabilize
the soil in the graded portions of the site until native vegetation can be installed.

To reduce tracking of mud onto paved roads, the site entrance roads will be stabilized using a pad
constructed of quarry spalls. Vehicles and/or their tires will be washed or brushed prior to leaving
the site during periods when track-out of mud could occur.
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7.4.4 Excavation and Grading

Prior to excavation and grading, the extent of all grading activities will be surveyed by a
professional surveyor and staked in the field. The contractor will establish vertical and horizontal
site controls and maintain them throughout the construction period. The limits of work will be
identified and flagged in the field, wetlands and surface water features will be identified with orange
barrier fencing, and the TESC measures will be installed.

Approximately 440,000 cy of soil will be excavated to form the new wetland basins to the east and
west of the existing wetlands. The top 12 inches of soil will be stripped and removed from the site.
This surface material, as well as the majority of the excavated material, will be transported off site
and disposed of at an approved upland location. A portion of the excavated subsoils, which are
composed of silts, clays, and fine sands, will be blended with composted organic matter and used as
topsoil to be placed after the new site grades are established. The topsoil blending operation will
require temporary stockpiling and processing at either an on-site or off-site location.

The existing drainage channel, located north of the site, will be widened to connect the mitigation
site with the 100-year floodplain and an existing ditch system near South 277 thStreet (Appendix E,
Sheet C8 Section 5).

Final grading and habitat log placement will be performed under the direction of the wetland
scientist or landscape architect. If subsoils have become compacted duringpreliminary grading, the
soil surface will be ripped and/or disced prior to spreading the amended topsoil mix. The topsoil
mix will be placed to a depth of at least 12 inches.

7.4.5 Construction Access Roads, Staging Areas_ and Maintenance Roads

In addition to any temporary access and/or haul roads, temporary construction and maintenance
roads will be required on the mitigation site. Temporary maintenance roads will be constructed
around each wetland basin to provide vehicular access during planting, and for the early site
maintenance and monitoring period. Temporary gravel paths will provide foot and small vehicle
access to the interiorof the site during the planting period.

7.4.5.1 Staging Areas and Temporary Haul and Access Roads

On completion of earthwork andplanting phases, temporary staging areas and access and haul roads
will be removed, prepared for planting, and planted. Staging areas and/or access roads that are not
within the mitigation site boundaries will be cleared of construction equipment and debris and soils
will then be tipped or disced to break up compacted layers and prepare a suitable substrate for
planting. Except for where these areas cross wetland, they will be hydroseeded with the low-grow
erosion control seed mix specified for the upland buffers (Table 7.3-2). Where they cross wetlands,
the wetland hydroseed mix will be used.

Temporary staging areas or access roads within the mitigation site will be removed and planted.
These areas will be cleared of construction equipment and debris, road materials will be removed,

and soil surfaces will be prepared for planting and planted according to the planting plan. For
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example, where a temporary haul road occurs in an area designated as western redcedar on the
planting plans (Appendix E, Sheets L5 through LS), the area will be planted with the western red
cedar association once the road is removed. Preparation of these areas for planting may include
deep ripping or discin_ depending on the degree of soil compaction, and the addition of organic
mulch.

7.4.5.2 Gravel Paths and Maintenance Roads

Temporary gravel paths in the mitigation areawill provide access for planting, initial maintenance,
and monitoring. These access paths and roads will help assure that:

• The initial planting can be readily completed in a reasonable timefi-ame.

• If phased plantings are desired, latter phases can be implemented without damaging plants
installed in previous phases.

• If replacement plantings are needed, they can be installed without damaging other
vegetation.

The gravel paths will be decommissioned a_er five complete growing seasons following
completion of planting if the areashave met plant cover and survival performance standards for 2
consecutive years. If the areasare not meeting cover performance standards at the end of 5 years,
the gravel paths will be decommissioned when basins have met plant cover and survival
performance standards. Decommissioning will include removing path materials, preparing the soil
surface for planting (e.g., ripping and/or filling), and planting according to the planting plan.

The temporary maintenance roads will be removed alter five growing seasons if the areas they serve
meet cover performance standards for 3 consecutive years. The road materials will be removed and
soil surfaces treated to provide a suitable medium for plant growth (i.e., ripping and/or discing).
The road area will be planted with fast-growing species from the mixed forest plant schedule (i.e.,
Douglas fir,red alder, black cottonwood, bald-hip rose).

Maintenance roads along the west, no,d1, and south sides of the site may be retained throughout the
15-year monitoring period for maintenance and security for the site (i.e., to manage weed control,
support any necessary replanting, prevent dumping, etc.). At the end of the 15-year monitoring
period, the Port will consult with regulatory agencies to determine if the maintenance roads should
be decommissioned, or if they should be retained to allow for on-going maintenance, adaptive
management, or security needs. If it is determined the maintenance roads should be removed, they
will be planted as described above for the construction haul and access roads.52

52 If the maintenance roads were left in place, the canopies of adjacent trees would cover the road. There would be a

minor reduction in habitat for small mammals and ground nes0ng birds. According to Ecology (1999) infiequently used
gravel or paved roads can be ignored as a dis_bance (see data sheets for Riverene Flow through wetlands)
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7.4.6 Temporary Irrigation

After all grading activities have been completed a temporary irrigation system will be installed
throughout the site. Installationof the temporaryirrigation system will be coordinated with grading
and planting steps to ensure that irrigation is installed prior to plant installation. Installation of the
temporary irrigation system will be below ground in all areas that will be cleared and graded;
however, the system will be installed above ground in the existing wetlands.

The temporary irrigation system will remain in place and functional until the plants become
established, which is anticipated to take 2 to 5 years (depending on any phasing requirements or
needs to replant to meet 80 percent survival rcxl_ents). 53 The temporary systerns will be
decommissioned and above=ground parts of the system will be removed. The below-ground lines
will be abandoned in place to prevent any need for soil or vegetation disturbance from equipment
and pipe removal.

7.4.7 Establish Native Wetland and Upland Buffer Vegetation

All planting zone boundaries will be surveyed by a professional surveyor, and staked and flagged in
the fidd according to the planting plan. A landscape architect or wetland scientist will observe plant
installation to ensure that plants are installed properly and according to the plans and specifications.
The eonlraetor will be responsible for ensuring that plants are not damaged during transport,
staging, or installation, and will be responsible for plant survival and health during the first year
following planting.

Due to the large number of plants required to cover the entire buffer, planting may occur in phases.
An initial planting of rapidly growing plants tolerant of full sun will be followed by a second
planting of more slowly growing species that tolerate or require shade. Planting activities will most
likely occur during the spring and fall months to avoid potential disturbance to wintering bald eagles
in the vicinity of the Green River.

To further protect the site from people and pets, the fence line will be densely planted with species
from the mixed forest community type to provide a physical and visual screen. Dense planting
along the fence line will include Douglas fir, black hawthorn, tall Oregon grape, bald-hip rose, and
big-leaf maple (Appendix E, Sheet L10, Detail 6).

7.4.8 Record Report and Monitoring

On completion of earthwork, site topography will be surveyed and a report containing record
drawings for the earthwork phase will be prepared and submitted to regulatory agencies. The
planting plan will be reviewed and adjusted if necessary to match constructed grades and site
conditions. Adjustments may include moving the boundaries of planting zones or adjusting species
compositions to ensure successful establishment of the plant communities. Any necessary

53USe of temporary irrigation during the establishment phase follows wetland mitigation design recommendations of
King County (Moekler 1999b) and Ecology (personal communication with Erik Stockdalc, February 2000) for
improving the success of mitigation projects.
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adjustments to the planting plan will be submitted to regulatory agencies with the earthwork record
drawings andreport.

Upon completion of planting (i.e., completion of all planting phases), a complete set of record
drawings (including both earthwork and planting record drawings) documenting the constructed
mitigation site will be prepared and submitted to regulatory agencies. Baseline monitoring (year 0
monitoring) will be conducted on completion of planting to document baseline ecological
conditions on the site. Compliance monitoring consistent with the monitoring plan outlined in
Section 4 of this document will begin during the first growing season atter submittal of the complete
set of record drawings (i.e., monitoring year 1). Monitoring reports will be submitted to the
regulatory agencies consistent with the schedule described in Section 4 of this document.

7.4.9 Construction Steps

The following sections provide a general outline of the construction and post-construction steps
necessary to implement the mitigation plan.

7.4.9.1 General Conditions

• All site work will be consistent with permit conditions and City of Auburn grading permit.

• A pre-construction meeting will be held with contractor, architect/engineer, and wetland
scientist to review submittals, work plan, schedules, and permit conditions.

• The contractor will be responsible for ensuring that the work is performed in accordance
with all permit conditions and shall maintain a copy of permits on site.

• • During construction, hydroseed or mulch will be applied to all open areas after grading
consistent with City of Auburn grading permit.

• All areas of exposed soil will be hydroseeded or mulched by September 15thto stabilize the
site prior to the startof the rainy season.

• Plant procurement must be coordinated with the construction schedule to ensure that
specified plant quantifies and species are available when they are needed.

7.4.9.2 Site Preparation

• Establish and maintain vertical and horizontal site controls throughout the construction
period.

• Identify and flag limits of work for the mitigation site.

• Install fencing (orange barrier)around existing wetlands and outlet ditches.

• Implement TESC plan.

• Maintain security of the site through construction; install security fence aroundsite.

• Establish temporary site access roads and wetland crossings.

• Establish staging and stockpileareas.
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• Implement a spill control plan and identify fueling areas.

• Install dcwatering system (pumping wells, manifold piping, and discharge structure).

• Install temporaryutilities (e.g., electric power and irrigation mains).

7.4.9.3 Outlet Channel and Outlet Control Structure

• Install temporary sediment and erosion control measm_.

• Recontour ditch at the north end of site (as needed), conslruet water control structure and
channel connecting to the east wetland basin.

• Install erosion control matting and hydroseed open areas.

• Install outlet control structure.

7.4.9.4 East Wetland Basin and Buffer

• Clear site of brush and fence, etc.

• Strip top 12 inches of soil material and dispose of off site in an approved upland disposal
area.

• Start dewatering activities.

• Excavate east side of wetland basin.

• Mix subsoils with organic compost and stockpile; stabilize consistent with grading permit
requirements.

• Complete fine grading of east side of wetland basin.

• Disc soils that are compacted by grading.

• Place amended soils 12 inches deep over entire east side basin and disc into subsoils.

• Mow existing vegetation in upland buffer areas.

• Install habitat logs and snags.

• Install irrigation system in east basin; restore disturbed grades as needed.

• Install irrigation in upland buffer.

• Test irrigation system.

• Install erosion control matting as needed.

• Remove haul roads_ access roads, dewatering ponds/pipes, staging areas, etc. not needed for
planting of the existing wetland or west basins, return staging areas/access roads, etc. to
grade.

• Apply hydrosecd to east basin (wet and transition seed mixes) and upland buffer (low-grow
mix) per specifications.

• Winterize irrigation system.

Natural Resource Mitigation Plan 7-77 November 2001

Seattle-Tacoma International Airport 556-2912-001 (03)
Master Plan Update

AR 029642



• Produce grading record drawings.

• After gr_dlng is complete, install plants in east basin; phase planting if necessary.

• Install plants in upland buffer and in the area between the maintenance roads and the
fencing.

7.4.9.5 Preparation and Enhancement planting of Existing Wetland and Buffer

• Mow existing vegetation in wetland and buffer.

• Disc and install irrigation in the buffer areaonly.

• Hydroseedbufferwithtransitionseedmix.

• Installabove-groundirrigationinexisting wetland.

• Install additional plants in the existing wetland and surrounding buffer areas.

^ • Perform maintenance mowing in areas between enlmncement plantings in the existing
wetland.

7.4.9.6 West Wetland Basin

• Clear site of brush and fence, etc.

• Strip top 12 inches of soil material and dispose of off site in an approved upland disposal
area.

• Start dewatering activities.

• Excavate west side wetland basin.

• Mix subsoils with organic compost and stockpile; stabilize consistent with grading permit
requirements.

• Complete fine grading of west side basin.

• Disc soils that are compacted by grading.

• Place amended soils 12 to 24 inches deep over entire west side basin.

• Mow existing vegetation in upland buffer areas.

• Install irrigation system and restore disturbed grades as needed.

• Test irrigation system.

• Install habitat logs.

• Install erosion control matting as needed.

• Apply hydroseed to west basin (wet and transition seed mixes) and upland buffer (low-grow
seed mix) per specifications.

• Winterize irrigation system.

• Produce grading record drawing ("as-built").
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• After grading is complete, install plants.

7.4.9.7 Closeout

• Remove temporary haul/access roacl._.

• Remove construction equipment and debris.

• Hydroseed and/or install plants in temporary staging areas or access roads within the
mitigation site boundaries.

• Hydroseed erosion control mix in temporary staging areas/access roads outside the
mitigation boundaries.

7.4.9.8 Record Drawings, Monitoring, and Maintenance

• Produce irrigation and plant installation record drawings ("as-builts").

• Conduct baseline mouitoring and complete baseline report, including record drawings,
results of baseline monitoring, and final monitoring plan (e.g., locations of monitoring plots,
baseline conditions).

• Begin compliance monitoring after grading is complete; submit annual monitoring reports
for 15-year monitoring period.

• Conduct maintenance (e.g., weed management) and implement any necessary contingency
measures to meet performance standards.

7.5 MONITORING AND PERFORMANCE'STANDARDS

The mitigation site will be monitored for a 15-year period, focusing on collecting the physical and
biological data necessary to determine if the performance standards, and ultimately the ecological
benefits, of the mitigation are met (see Table 7.1-2). Monitoring reports will summarize the
ecological condition of the site and document compliance with performance standards. If necessary,
specific contingency actions and schedules for implementing contingency measures will be
recommended. The first phase of monitoring will be to complete record drawings and a baseline
monitoring report, as described below in Section 7.5.1. Section 7.5.2 describes specific monitoring
activities and schedules for the mitigation site.

7.5.1 Record Drawings and Baseline Monitoring Report

Conditions on the mitigation site following completion of construction will be documented with
record drawings and a baseline monitoring report. This report will verify that mitigation has been
constructed as designed or document any deviations from the plan. Any significant deviations from
the mitigation design will be noted, and submitted to ACOE for approval. The baseline report will
also include documentation of all sampling locations for future monitoring activity. A detailed map
of the site will be prepared from field surveys, and will include the following information:

• Site topography at 1-it contour intervals and selected spot elevations.

• Locations of major plant community boundaries.
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• Locations of surface water and control structures.

• Locations of vegetation transects, photograph points, groundwater wells, staff gages, and
other sampling points.

Baseline monitoring datawill be collected to provide the basis for evaluating future changes on the
mitigation site, consistent with the approach and methods outlined for all Port mitigation projects in
Section 4 of this document. Results of the baseline monitoring will be compared to the established
design criteria and performance standards for the mitigation site (see Table 7.1-2).

7.5.2 lf)=Year Monitoring Plan

Monitoring activities during the 15-year monitoring period will focus on collecting vegetation,
hydrology, and wildlife data to determine wetland function and performance, and compliance of the
mitigation site with the performance standards. The monitoring schedule and methods for the
mitigation site are summarized in Table 7.5-1.

7.5.2.1 Vegetation Monitoring

Vegetation monitoring will measure establistmaent of native plant communities on the site. The
development of native plant communities will be a key indicator of how well wetland and upland
functions are being restored and enhanced by the mitigation. Vegetation is also an indicator of
wildlife habitat, as well as having a significant influence on hydrologic and water quality functions.

Data describing plant species composition, density, and cover will be collected along permanent
vegetation transects or within p=manent plots. Walk-through surveys will be made to estimate
annual shoot growth, survival rates, and vertical and horizontal vegetation structure. Photographs
can provide qualitative documentation of plant community development over time by evaluating
variables such as cover, species composition, height, and vertical structure. Therefore, photographs
will be taken along transects and at appropriate viewpoints to document the extent and nature of
plant cover. Results of the vegetation monitoring will be used to determine if performance
standards for plant survival, cover, density, and species composition are met in each monitoring
year.

7,5.2.2 Hydrology

Data on site hydrology will be collected to evaluate the duration and extent of flooding and/or soil
saturation in each wetland type on the mitigation site. Both surface and groundwater hydrology will
be monitored using staff gages or permanent groundwater monitoring wells, and field observations.
Wells will be placed within existing wetlands and at representative sites in the newly constructed
forested, shrub, and emergent plant communities. Surface water levels at staff gages and depth to
groundwater will be recorded monthly for the first 3 years after construction is complete, and at
least three times per year thereafter (Table 7.5-I).

The water level control structure will be inspected monthly during the first three years following
construction,andthreetimesperyearfortheremainderofthemomtoringperiod.Adjustmentswill
bemade followingconsiderationofwhetherthecurrentwaterregimeissuitablefortheplantzones
establishedandhow changescouldoptimizethewaterregimeforachievingperformancestandards.
Changestothewaterregimeof thewetlandswillnotbe made withoutnotifyingACOE and
Ecology.
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7.5.2.3 Wildlife Habitat

Habitat structure (i.e., vegetation types, flooding, etc.) of the mitigation site will be monitored to
evaluate whether performance standards are being met. These data will be supplemented with
observations of wildlife using the site. Wildlife surveys will be conducted four times per year to
record wildlife species and activities on site.u A variety of techniques will be used to evaluate
wildlife use and wildlife habitat attributes on the site. Techniques described in Ralph and Scott
(1981), Ramsey and Scott (1979), and Reynolds et al. (1980) may be used to monitor bird numbers.
Techniques described in Olson et al. (1997) may be used to sample pond-breeding ampl_bians and
Corn and Bury (1990) for terrestrial amphibians.

7.6 SITE PROTECTION

The Port will execute and file restrictive covenants on the Auburn wetland mitigation site to provide
permanent protection for the site. Copies of the restrictive covenants are provided in Appendix F.
Language and conditions of these restrictive covenants have been revised to reflect discussions
between the Port and ACOE, Ecology, FAA, and USDA-WSD.

The boundaries of the mitigation area and buffers shall be permanently marked with stakes at least
every 100 feet or with fencing. The marking shall include signage that clearly indicates that
mowing and fertilizer/pesticide applications are prohibited within mitigation areas. The details of
fencing and signage are provided in Appendix P.

7.7 MAINTENANCE AND CONTINGENCY PLANS

7.7.1 Routine Maintenance

Routine maintenance tasks (e.g., maintaining irrigation system, removing trash) and adaptive
management/contingency measures (e.g., weed management, replacing plants) will occur during the
monitoring period. Routine weed control does not include contingency measures that may be
needed to keep mvasive species cover below the 10 percent cover standard. These are discussed
below under contingency measures.

The mitigation site has been designed to achieve final performance standards without significant
ongoing maintenance. The need for maintenance is anticipated to decline during the monitoring
period because the mitigation has been designed to be self-sustaining in the long tenn. Some
maintenance will continue for at least as long as the 15-year monitoring period.

Typical maintenance activities will include replacing dead plants and implementing weed control
measures. For the first year following planting, the landscape contractor will be responsible for
ensuring the health of planted material and for replacing dead or severely stressed plant material.
After the first year, the Port will be responsible for maintaining plants and will replace plants as

Performancestandardsdo not requirewildlifesurveys. Wildlifesurveyswill be conductedto obtainadditional
informationthatmaybe usefulinmakingadapttvemanagementdeeisiomor implementingcontingencymeasures.
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needed based on performance standards and consistent with specified contingency measures. To
achieve relatively rapid ov_story development and structuraldiversity, trees will be planted closer
together than would occur in natural,mature stands, and may be fertilizzxi. At the end of the 15-
year monitoring period, some trees may be cut or girdled (these would then be left as woody debris
for wildlife habitat) to allow better development of some trees. This management activity will
allow the remaining trees adequate space to reach full size, while providing additional microhabitat
for animals in the downed or standing woody debris.

7.7.2 Contingency Measures

Contingency measures will be implemented consistent with the adaptive management approach if
monitoring results show that specific performance standards are not being met. Specific
performance standards and contingency measures for the mitigation site are identified in Table 7.7-
1. If conditions arise that have not been identified in this table, they will be evaluated on a case-by-
case basis, and discussed with ACOE and Ecology. Based on these discussions, appropriate
contingency measures will be developed and implemented.

7.7.2.1 Weed Management

If needed, a variety of weed control strategies are available to manage non-native invasive species,
and these weed control strategies may be used as appropriate throughout the project (see Section
4.3.2.4). Specific control measur_ will be det_mined on a case-by-case basis, depending on the
extent of the invasive species problem, the invasive species of concern, and the site condition. Steps
in weed control may include (listed in order of preferenCe)any of the following:

• Dense plantings of desired speci_ that competitively exclude non-native species.

• Use of mulch in the form of sterile straw or other biodegradable mulch.

• Installation of biodegradable weed barriercloth.

• Mechanical removal of weeds by using weed whackers, hoeing, or hand-removal.

• Applications of EPA-approved herbicides, as necessary.
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needed based on performance standards and consistent with specified contingency measures. To
achieve relatively rapid overstory development and structural diversity, trees will be planted closer
together than would occur in natural, mature stands, and may be fertilized. At the end of the 15-
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contingency measures will be developed and implemented.

7.7.2.1 Weed Management

If needed, a variety of weed control strategies are available to manage non-native invasive species,
and these weed control strategies may be used as appropriate throughout the project (see Section
4.3.2.4). Specific control measures will be determined on a case-by-ease basis, depending on the
extent of the invasive species problem, the invasive species of concern, and the site condition. Steps
in weed control may include (listed in order of preference) any of the following:

• Dense plantings of desired species that competitively exclude non-native species.

• Use of mulch in the form of sterile straw or other biodegradable mulch.

• Installation of biodegradable weed barrier cloth.

• Mechanical removal of weeds by using weed whackers, hoeing, or hand-removal.

• Applications of EPA-approved herbicides, as necessary.
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Reed canarygrass is present in wetland areas on and adjacent to the mitigation site, and this
undesirable species could spread into mitigation wetlands via seed dispersal. To control the spread
of reed eanarygrass and to ensure the success of native plant establishment, contingency measures
as well as routinemaintenance actions may be required. Potential control measures include periodic
mowing, reseeding with native wetland grasses, and/or treatment with an EPA-approved herbicide.

Because of the planting approach taken (hydmseeding, densely planting fast growing species, and
very wet emergent areas), the need for long-term control of reed canarygrass on the site is not
anticipated. The dense planting of forested vegetation, including a significant conifer component,
will provide dense shade over much of the site. Shade from the forest canopy will greatly reduce
the likel/hood that reed canarygrass can persist on the site over the long tenn. The emergent
wetlands are designed to be too wet for this species, and it is unlikely to out-compete native wetland
plants once they are established in the emergent zone. Hydroseeding at the time of construction
should also limit the ability of reed canarygrassto become established.

7.7.2.2 Reducing Herbivore Damage

Vegetation at newly planted mitigation sites can be vuinemble to browse by Canada geese, deer,
voles, beaver, and other wildlife species. In order to avoid significant loss of planted species, a
number of contingency measures may be necessary. Stem collars may be installed around the base
of woody species or netting may be placed over some plantings. A combination of cayenne pepper
and pruning wax applied to woody stems has been an effective deterrent to herbivory at the Auburn
Race Track mitigation site and may be used. Temporary netting or other temporary enclosure
system may be supported 1 to 2 l_above the ground surface in emergent wetland areas to reduce
damage by geese. These and other contingency measures may be employed on a case-by-case
basis.

7.7.3 Performance Standards

In addition to overall goals and objectives, specific design criteria and performance standards (see
Table 7.1-2) were developed to achieve the established wetland mitigation goals. Performance
standards are measurable criteria that can be evaluated to demonstrate when a mitigation element
has been successfully implemented. Performance standards were developed for each design
objective (see Table 7.1-2). During the monitoring period, these performance standards will be
evaluated to determine the need for contingency or adaptive management actions. At the end of the
monitoring period, performance standards will be used to determine if the project has sueeessfully
met design objectives and goals.
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APPENDIX A-F

MITIGATION DESIGN DRAWINGS

These appendices, which provide detailed engineering designs and planting specifications
for each mitigation site are provided under separate cover.
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RESTRICTIVE COVENANTS FOR MITIGATION AREAS
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APPENDIX G

RESTRICTIVE COVENANTS FOR MITIGATION AREAS

This appendix contains draft language for the restrictive covenants that will be placed on the deeds
of each mitigation site describe in this report. The restrictive covenants will legally protect the sites
fi-omland uses or activities, except as permitted in the covenants, that could reduce their ecological
function. The Port of Seattle will record the restrictive covenant for each respective mitigation site
with King County within 60 days following the issuance of a Section 404 permit by the U.S. Army
Corps of Engineers.
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RESTRICTIVE COVENANTS FOR MITIGATION AREAS

1. Miller Creek / Lora Lake / Vacca Farm Wetland and Floodplain Mitigation Area

2. Miller Creek Mitigation Area

3. Tyee Valley Golf Course Mitigation Area

4. Des Moines Creek Mitigation Area

5. Borrow Area 3 Mitigation Area

6. Auburn Wetland Mitigation Area

7. Des Moines Way Nursery Mitigation Area
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RESTRICTIVE COVENANTS FOR MITIGATION AREAS

Miller Creek/Lora Lake.Fv'accaFarm Wetland and Floodplain
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• DRAFT
11/15/01

RECORDED AT THE REQUEST OF
AND AFTER RECORDING RETURN TO:

DECLARATION OF RESTRICTIVE COVENANTS

(Miller Creek/Lora Lake/Vacca Farm Wetland and Floodplain Mitigation Area)

Grantor: Port of Seattle, a Washington municipal corporation

Grantee: Port of Seattle, a Washington municipal corporation

Legal Description:
Official legal description attached on Exhibit A.

Assessor's Tax Parcel ID#:

Reference # (If applicable): N/A
i

This Declaration of Restrictive Covenants (this "Declaration") is made as of this

day of , , by the Port of Seattle, a
Washington municipal corporation (the "Port") as required by a Washington State
Department of Ecology ("Ecology") Order and a Seattle District Office of the U.S. Army
Corps of Engineers ("Corps") Section 404 Permit, each as more particularly described in
Recital C, below.

]0 I_;O._q4.I I
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RECITALS

A. The Port is the owner of those certain real properties located in King County,

Washington and described as follows: (i) the real property adjacent to or near Miller
Creek (the "Miller Creek Mitigation Area"); (ii) the real property adjacent to or near
Miller Creek, Lora Lake, and the former Vaeca Farm (the "Miller Creek/Lora

Lake/Vacea Farm Wetland and Floodplain Mitigation Area"); (iii) the real property

adjacent to or near the Tyee Valley Golf Course property (the "Tyee Valley Golf Course

Mitigation Area"); (iv) the real property comprising approximately 67-acres located in
the City of Auburn (the "Auburn Wetland Mitigation Area"); (v) the real property
adjacent to or near Des Moines Creek (the "Des Moines Creek Mitigation Area"); (v'i) the

real property adjacent to Borrow Area 3 (the "Borrow Area 3 Mitigation Area"); and (vii)
the real property at the former Des Moines Way Nursery (the "Des Moines Way Nursery
Mitigation Area") (collectively, the "Miller Creek Mitigation Area," the "Miller
Creek/Lora Lake/Vaeca Farm Wetland and Floodplain Mitigation Area," the "Tyee
Valley Golf Course Mitigation Area," the "Des Moines Creek Mitigation Area," the
"Auburn Wetland Mitigation Area," the ''Borrow Area 3 Mitigation Area," and the "Des
Moines Way Nursery Mitigation Area" are referred to herein as the "Mitigation Sites").
This Declaration relates to the Miller Creek/Lora Lake/Vacca Farm Mitigation Area;

which is legally described in Exhibit A attached hereto and by this reference incorporated
herein.

B. In connection with the construction of a third runway and other improvements at
Seattle-Tacoma International Airport, the Port proposed certain mitigation activities for
the Mitigation Sites that include: stream riparian/buffer enhancements, floodplain and
wetland enhancement, and construction of replacement wetlands.

C. In order to comply with Ecology's Order #1996-4-02325 (Amended-l)
("Ecology's Order"), and the Corps Section 404 Permit # ("Corps
Permit"), for the Port's mitigation activities at the Mitigation Sites,'the Port has executed
this Declaration regarding the Miller Creek/Lora Lake/Vacca Farm Wetland and
Floodplain Mitigation Area, and has executed similar Declarations for the other
Mitigation Sites, to submit the Miller Creek/Lora Lake/Vaeca Farm Wetland and
Floodplain Mitigation Area to the covenants, conditions, and restrictions herein.

NOW, THEREFORE:

1. Declaration. The Port hereby declares that the Miller Creek/Lora

Lake/Vacca Farm Wetland and Floodplain Mitigation Area (hereinafter, the "Mitigation
Area") shall be subject to the covenants, conditions, and restrictions stated herein which
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shall be binding on all parties having any right, title, or interest in the Mitigation Area or

any part thereof and shall inure to the benefit of each subsequent owner thereof.

2. Purpose. The purpose of this Declaration is to meet the requirements of
the federal Clean Water Act and state water quality standards as set forth in Ecology's
Order and the Corps Permit, and to restrict development and construction activities

within the Mitigation Area.

3. Restrictive Covenants. The Mitigation Area shall be used as a floodplai_
wetlands, flood storage areas, and/or riparian corridors, and no development activity

including clearing, grading, filling, or the construction of any building, structure, or other
improvement shall occur in the Mitigation Area, except for the following:

a. Activities authorized in the Corps/Ecology-approved Natural Resource
Mitigation Plan to construct and establish the mitigation. Existing
uses in the Mitigation Area may continue until the uses are removed or

halted during construction of the mitigation.

b. Wildlife management control actions pursuant to and governed by the
current Wildlife Hazard Management Plan or any subsequent version
of the Plan adopted by the Port in cooperation with the U.S.

Department of Agriculture's Wildlife Services Program and the
Federal Aviation Administration pursuant to Title 14 of the Code of
Federal Regulations (Section 139.337). Prior to the adoption of any

subsequent version of the Plan, the Plan shall be submitted to the
Corps and Ecology for review and comment regarding potential
impacts on the Mitigation Area. If during review and comment, the
Corps or Ecology identifies any impacts to the functions and values of

the Mitigation Area, the Port shall within 60 days submit to the Corps
and Ecology a conceptual plan that compensates for the identified
impacts and, within 90 days following Corps and Ecology approval of
the conceptual plan, submit for approval a final compensation plan.

c. Monitoring, maintenance, and contingency actions pursuant to
Ecology's Order and the Corps Permit, including but not limited to
removal of exotic, non-native, invasive vegetation to satisfy the
mitigation performance standards.

d. Construction of stormwater drainage channels and outfalls as

authorized in writing by the Corps and Ecology, and maintenance of
those channels and outfalls.
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e. Installation of guy-wires and anchors (to support navigation light
towers outside the Mitigation Area) and maintenance of the guy-wires
and anchors.

f. Continuation, including maintenance and reconstruction, of the
existing underground sanitary sewer line, currently owned and

operated by the Southwest Suburban Sewer District; and partial
relocation of this line as authorized in writing by the Corps and

Ecology.

g. Installation of water and air quality monitoring equipment as

authorized in writing by the Corps and Ecology, and maintenance of
the equipment.

h. Continuation, including maintenance and reconstruction, of the
existing electrical power line currently owned and operated by Seattle
CityLight.

i. Vegetation height control to maintain FAA required approach slopes
and radar coverage.

j. Felling of trees that a certified arborist has determined to be a hazard

to persons or property (e.g., diseased or damaged trees that could fall
on adjacent property), as authorized in writing by the Corps and
Ecology. Felled trees shall remain in the Mitigation Area as woody

debris, and the Port shall replant areas where trees are felled, as
appropriate to maintain consistency with the Corps/Ecology-approved
Natural Resources Mitigation Plan. (This exception does not apply to
wildlife management control actions, which are governed by a separate
exception above.)

k. Continuation, including maintenance and reconstruction, of the
existing stormwater drainage line to Lora Lake and the rock weir in the

lake, currently owned by King County.

1. Other activities authorized in writing by the Corps and Ecology.

Any activity in the Mitigation Area, as authorized above, shall use methods that

minimize damage to the Mitigation Area. Where the activity will be carried out by a
utility or other non-Port entity, the Port shall provide access over adjacent Port-owned
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property as necessary to shorten the access route within the Mitigation Area. Following
any activity in the Mitigation Area, the Port shall restore the Mitigation Area to the
condition contemplated in the Corps/Ecology-approved Natural Resource Mitigation Plan
(except for any authorized structure or use that will remain in the Mitigation Area).

4. Default; Remedies. Any violation of a covenant or condition in this
Declaration shall be considered a violation of Ecology's Order and the Corps Permit, and
this Declaration may be enforced pursuant to the terms of Ecology's Order and the Corps
Permit.

5. Binding Effect. The Declaration shall run with the land and be binding
upon the Port and its successors and assigns.

6. Captions. The captions and paragraph headings contained in this
Declaration are for convenience and reference only and in no way define, describe,
extend, or limit the scope or intent of this Declaration, nor the intent of any provision
hereof.

7. Recording. This Declaration shall be recorded in the real property records
of King County.

8. No Third Party Rights. Nothing in this Declaration, express or implied, is
intended to confer upon any person, other than the Port and its successors and assigns any
rights or remedies under or by reason of this Declaration; provided that this Declaration
may be enforced by the Corps or Ecology as described herein.

9. Govemin_ Law. This Declaration shall be governed by and construed in
accordance with the laws of the state of Washington.

EXECUTED AND EFFECTIVE as of the date first written above.

PORT OF SEATTLE, a Washington municipal
corporation

By:
Name:
Its:
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STATE OF WASHINGTON )
) SS.

COUNTY OF )

I certify that I know or have satisfactory evidence that
signed this instrument, on oath stated that hc was authorizedto execute the instnnncnt and
acknowledged it as the of the Port of Seattle, a Washington
municipalcorporation,tobethefleeandvoluntaryactofsuchmunicipalcorporationforthe
uses and purposes mgntioncd in the instrument.

Dated this day of

(Si_mn_ ofNoUmy)

(kcgiblyPrintorStampNm_cofNotary)

Notarypublicinandforthestateof
Washington,residingat
My appointmentexpires:
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EXHIBITA
TO

DECLARATION OF RESTRICTIVE COVENANTS

LEGAL DESCRIPTION OF THE MILLER.CREEK/LORA LAKE/VACCA FARM
WETLAND AND FLOODPLAIN MITIGATION AREA
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RESTRICTIVE COVENANTS FOR MITIGATION AREAS

Miller Creek Mitigation Area
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DRAFT
11/15/01

RECORDED AT THE REQUEST OF
AND AFTER RECORDING RETURN TO:

DECLARATION OF RESTRICTIVE COVENANTS

(Miller Creek Mitigation Area)

Grantor: Port of Seattle, a Washington municipal corporation

Grantee: Port of Seattle, a Washington municipal corporation

Legal Description:
Official legal description attached on Exhibit A.

Assessor's Tax Parcel liD#:

Reference # (If applicable): N/A

This Declaration of Restrictive Covenants (this "Declaration") is made as of this
day of , , by the Port of Seattle, a

Washington municipal corporation (the "Port") as required by a Washington State
Department of Ecology ("Ecology") Order and a Seattle District Office of the U.S. Army
Corps of Engineers ("Corps") Section 404 Permit, each as more particularly described in
Recital C, below.
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RECITALS

A. The Port is the owner of those certain real properties located in King County,

Washington and described as follows: (i) the real property adjacent to or near Miller
Creek (the "Miller Creek Mitigation Area"); (ii) the real property adjacent to or near
Miller Creek, Lora Lake, and the former Vacca Farm (the "Miller Creek/Lora

LakeNacca Farm Wetland and Floodplain Mitigation Area"); (iii) the real property

adjacent to or near the Tyee Valley Golf Course property (the "Tyee Valley Golf Course
Mitigation Area"); (iv) the real property comprising approximately 67-acres located in
the City of Auburn (the "Auburn Wetland Mitigation Area"); (v) the real property
adjacent to or near Des Moines Creek (the "Des Moines Creek Mitigation Area"); (vi) the
real property adjacent to Borrow Area 3 (the "Borrow Area 3 Mitigation Area"); and (vii)
the real property at the former Des Moines Way Nursery (the "Des Moines Way Nursery
Mitigation Area") (collectively, the "Miller Creek Mitigation Area," the "Miller
Creek/I._ra Lake/Vacca Farm Wetland and Floodplain Mitigation Area," the "'Tyee

Valley Golf Course Mitigation Area," the "Des Moines Creek Mitigation Area," the

"Auburn Wetland Mitigation Area," the "Borrow Area 3 Mitigation Area," and the "Des
Moines Way Nursery Mitigation Area" are referred to herein as the "Mitigation Sites").
This Declaration relates to the Miller Creek Mitigation Area, which is legally described
in Exhibit A attached hereto and by this reference incorporated herein.

B. In connection with the construction of a third runway and other improvements at
Seattle-Tacoma International Airport, the Port proposed certain mitigation activities for

the Mitigation Sites that include: stream riparian/buffer enhancements, floodplain and
wetland enhancement, and construction of replacement wetlands.

C. In order to comply with Ecology's Order #1996-4-02325 (Amended-l)
("Ecology's Order"), and the Corps Section 404 Permit # ("Corps
Permit"), for the Port's mitigation activities at the Mitigation Sites, the Port has executed
this Declaration regarding the Miller Creek Mitigation Area, and has executed similar
Declarations for the other Mitigation Sites, to submit the Miller Creek Mitigation Area to
the covenants, conditions, and restrictions herein.

NOW, THEREFORE:

1. Declaration. The Port hereby declares that the Miller Creek Mitigation
Area (hereinafter, the "Mitigation Area") shall be subject to the covenants, conditions,

and restrictions stated hereto which shall be binding on all parties having any right, title,
or interest in the Mitigation Area or any part thereof and shall inure to the benefit of each
subsequent owner thereof.
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2. Purpose. The purpose of this Declaration is to meet the requirements of
the federal Clean Water Act and state water quality standards as set forth in Ecology's

Order and the Corps Permit, and to restrict development and construction activities
within the Mitigation Area.

3. Restrictive Covenants. The Mitigation Area shall be used as a natural

vegetative buffer, and no development activity including clearing, grading, filling, or the
construction of any building, structure, or other improvement shall occur in the

Mitigation Area, except for the following:

a. Activitiesauthorizedin the Corps/Ecology-approvedNatural

ResourceMitigationPlantoconstructand establishthemitigation.
ExistingusesintheMitigationArea may continueuntiltheuses
areremovedorhaltedduringconstructionofthemitigation.

b. Wildlife management control actions pursuant to and govemed by
the current Wildlife Hazard Management Plan or any subsequent

version of the Plan adopted by the Port in cooperation with the
U.S. Department of Agriculture's Wildlife Services Program and
the Federal Aviation Administration pursuant to Title 14 of the

Code of Federal Regulations (Section 139.337). Prior to the
adoption of any subsequent version of the Plan, the Plan shall be
submitted to the Corps and Ecology for review and comment
regarding potential impacts on the Mitigation Area. If during

review and comment, the Corps or Ecology identifies any impacts
to the functions and values of the Mitigation Area, the Port shall

within 60 days submit to the Corps and Ecology a conceptual plan
that compensates for the identified impacts and, within 90 days
following Corps and Ecology approval of the conceptual plan,
submit for approval a final compensation plan.

c. Monitoring, maintenance, and contingency actions pursuant to
Ecology's Order and the Corps Permit, including but not limited to
removal of exotic, non-native, invasive vegetation to satisfy the
mitigation performance standards.

d. Construction of stormwater drainage channels and outfalls as

authorized in writing by the Corps and Ecology, and maintenance
of those channels and outfalls.
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e. Continuation, including maintenance and reconstruction, of the
existing underground sanitary sewer line, currently owned and

operated by the Southwest Suburban Sewer District, and partial
relocation of this line as authorized in writing by the Corps and

Ecology.

f. Continuation, including maintenance and reconstruction, of the

existing water main, currently owned and operated by King County
Water District No. 49.

g. Installation of water and air quality monitoring equipment as

authorized in writing by the Corps and Ecology, and maintenance
of the equipment.

h. Vegetation height control to maintain FA.A required approach
slopes and radar coverage.

i. Felling of trees that a certified arborist has determined to be a
hazard to persons or property (e.g., diseased or damaged trees that
could fall on adjacent property), as authorized in writing by the
Corps and Ecology. Felled trees shall remain in the Mitigation
Area as woody debris, and the Port shall replant areas where trees

are felled, as appropriate to maintain consistency with the
Corps/Ecology-approved Natural Resources Mitigation Plan.
(This exception does not apply to wildlife management control
actions, which are governed by a separate exception above.)

j. Other activities authorized in writing by the Corps and Ecology.

Any activity in the Mitigation Area, as authorized above, shall use methods that

minimize damage to the Mitigation Area. Where the activity will be carried out by a
utility or other non-Port entity, the Port shall provide access over adjacent Port-owned

property as necessary to shorten the access route within the Mitigation Area. Following
any activity in the Mitigation Area, the Port shall restore the Mitigation Area to the
condition contemplated in the Corps/Ecology-approved Natural Resource Mitigation Plan

(except for any authorized structure or use that will remain in the Mitigation Area).

4. Default; Remedies. Any violation of a covenant or condition in this

Declaration shall be considered a violation of Ecology's Order and the Corps Permit, and

this Declaration may be enforced pursuant to the terms of Ecology's Order and the Corps
Permit.
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5. Binding Effect. The Declaration shall run with the land and be binding
upon the Port and its successors and assigns.

6. Captions. The captions and paragraph headings contained in this
Declaration are for convenience and reference only and in no way define, describe,
extend, or limit the scope or intent of this Declaration, nor the intent of any provision
hereof.

7. Recording. This Declaration shall be recorded in the real property records
of King County.

8. No Third ParWRi_ts. Nothing in this Declaration, express or implied, is
intended to confer upon any person, other than the Port and its successors and assigns any
rights or remedies under or by reason of this Declaration; provided that this Declaration
may be enforced by the Corps or Ecology as described herein.

9. Governing Law. This Declaration shall be governed by and construed in
accordance with the laws of the state of Washington.

EXECUTED AND EFFECTIVE as of the date first written above.

PORT OF SEATTLE, a Washington municipal
corporation

By:
Name:
Its:
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STATE OF WASHINGTON )
) sg.

COUNTY OF )

I certify that I know or have satisfactory evidence that
signed this instrument, on oath stated that he was authorized to execute the instrument and
acknowleAged it as the of the Port of Seattle, a Washington
municipal corporation, to be the flee and voluntary act of such municipal corporation for the
uses and purposes mentioned in the instrument.

Dated this day of ,

(Sigt_tm_ of Notary)

(Legn'hlyP)mtor S_np Name of Notary)

Notary public in and for the state of
Washington, residing at
My appointment expires:
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EXHIBrrA
TO

DECLARATION OF RESTRICTIVE COVENANTS

LEGAL DESCRIPTION OF TIlEMILLER CREEK MITIGATION AREA

I
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RESTRICTIVE COVENANTS FOR MITIGATION AREAS
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DRAFT
11115/01

RECORDED AT THE REQUEST OF
AND AFTER RECORDING RETURN TO:

DECLARATION OF RESTRICTIVE COVENANTS

(Tyee Valley Golf Course Mitigation Area)

Grantor: Port of Seattle, a Washington municipal corporation

Grantee: Port of Seattle, a Washington municipal corporation

Legal Description:
Official legal description attached on Exhibit A.

Assessor's Tax Parcel ID#:

Reference # (If applicable): N/A

This Declaration of Restrictive Covenants (this "Declaration") is made as of this

day of , , by the Port of Seattle, a
Washington municipal corporation (the "Port") as required by a Washington State

Department of Ecology ("Ecology") Order and a Seattle District Office of the U.S. Army
Corps of Engineers ("Corps") Section 404 Permit, each as more particularly described in
Recital C, below.
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RECITALS

A. The Port is the owner of those certain real properties located in King County,
Washington and described as follows: (i) the real property adjacent to or near Miller
Creek (the "Miller Creek Mitigation Area"); (ii) the real property adjacent to or near
Miller Creek, Lora Lake, and the former Vacca Farm (the "Miller Creek/Lora
Lake/Vacca Farm Wetland and Floodplain Mitigation Area"); (iii) the real property
adjacent to or near the Tyee Valley Golf Course property (the "Tyee Valley Golf Course
Mitigation Area"); (iv) the real property comprising approximately 67-acres located in
the City of Auburn (the "Auburn Wetland Mitigation Area"); (v) the real property
adjacentto ornearDesMoinesCreek(the"DesMoinesCreekMitigationArea");(vi)the
real property adjacent to Borrow Area 3 (the "Borrow Area 3 Mitigation Area"); and (vii)
the real property at the former Des Moines Way Nursery (the "Des Moines Way Nursery
Mitigation Area") (collectively, the "Miller Creek Mitigation Area," the "Miller
Creek/Lora Lake/Vacca Farm Wetland and Floodplain Mitigation Area," the "Tyee
Valley Golf Course Mitigation Area," the "Des Moines Creek Mitigation Area," the
"Auburn Wetland Mitigation Area," the "Borrow Area 3 Mitigation Area," and the "Des
Moines Way Nursery Mitigation Area" are referred to herein as the "Mitigation Sites").
This Declaration relates to the Tyee Valley Golf Course Mitigation Area, which is legally
described in Exhibit A attached hereto and by this reference incorporated herein.

B. In connection with the construction of a third runway and other improvements at
Seattle-Tacoma International Airport, the Port proposed certain mitigation activities for
the Mitigation Sites that include: stream riparian/buffer enhancements, floodplain and
wetland enhancement, and construction of replacement wetlands.

C. In order to comply with Ecology's Order #1996-4-02325 (Amended-l)
("Ecology's Order"), and the Corps Section 404 Permit # ("Corps
Permit"), for the Port's mitigation activities at the Mitigation Sites, the Port has executed
this Declaration regarding the Tyee Valley Golf Course Mitigation Area, and has
executed similar Declarations for the other Mitigation Sites, to submit the Tyee Valley
Golf Course Mitigation Area to the covenants, conditions, and restrictions herein.

NOW, THEREFORE:

1. Declaration. The Port hereby declares that the Tyee Valley Golf Course
Mitigation Area (hereinafter, the "Mitigation Area") shall be subject to the covenants,
conditions, and restrictions stated herein which shall be binding on all parties having any
right, title, or interest in the Mitigation Area or any part thereof and shall inure to the
benefit of each subsequent owner thereof.
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2. Purpose. The purpose of this Declaration is to meet the requirements of
the federal Clean Wat_ Act and state watt" quality standards as set forth in Ecology's
Order and the Corps Permit, and to restrict development and construction activities
within the Mitigation Area.

3. Restrictive Covenants. The Mitigation Area shall be used as a natural
wetland area, and no development activity including clearing, grading, filling, or the
construction of any building, structure, or other improvement shall occur in the
Mitigation Area, except for the following:

a. Activities authorized in the Corps/Ecology-approved Natural Resource
Mitigation Plan to constructand establish the mitigation. Existing
uses in the Mitigation Area may continue until the uses are removed or
halted duringconstruction of the mitigation.

b. Wildlife management control actions pursuant to and governed by the
current Wildlife Hazard Management Plan or any subsequent version
of the Plan adopted by the Port in cooperation with the U.S.
Department of Agriculture's Wildlife Services Program and the
Federal Aviation Administration pursuant to Title 14 of the Code of
Federal Regulations (Section 139.337). Prior to the adoption of any
subsequent version of the Plan, the Plan shall be submitted to the
Corps and Ecology for review and comment regarding potential
impacts on the Mitigation Area. If during review and comment, the
Corps or Ecology identifies any impacts to the functions and values of
the Mitigation Area, the Port shall within 60 days submit to the Corps
and Ecology a conceptual plan that compensates for the identified
impacts and, within 90 days following Corps and Ecology approval of
the conceptual plan, submit for approvala final compensation plan.

c. Monitoring, maintenance, and contingency actions pursuant to
Ecology's Order and the Corps Permit, including but not limited to
removal of exotic, non-native, invasive vegetation to satisfy the
mitigation performance standards.

d. Construction of stormwater drainage channels and outfalls as
authorized in writing by the Corps and Ecology and maintenance of
those channels and outfalls.
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e. Installation of water and air quality monitoring equipment as
authorized in writing by the Corps and Ecology, and maintenance of
the equipment.

f. Vegetation height control to maintain FAA required approach slopes
and radar coverage.

g. Felling of trees that a certified arborist has determined to be a hazard
to persons or property (e.g., diseased or damaged trees that could fall
on adjacent property), as authorized in writing by the Corps and
Ecology. Felled trees shall remain in the Mitigation Area as woody
debris, and the Port shall replant areas where trees are felled, as
appropriate to maintain consistency with the Corps/Ecology-approved
Natural Resources Mitigation Plan. (This exception does not apply to
wildlife management control actions, which are governed by a separate
exception above.)

h. Continuation, including maintenance and reconstruction, of the two
existing underground sewer lines, one of which is currently owned and
operated by the Midway Sewer District, and the other of which is
currently owned and operated by the Port (the Industrial Wastewater
System line).

i. Activities to implement the Des Moines Creek Basin Plan as
authorized in writing by the Corps and Ecology.

j. Other activities authorized in writing by the Corps and Ecology.

Any activity in the Mitigation Area, as authorized above, shall use methods that
, minimize damage to the Mitigation Area. Where the activity will be carried out by a

utility or other non-Port entity, the Port shall provide access over adjacent Port-owned
property as necessary to shorten the access route within the Mitigation Area. Following
any activity in the Mitigation Area, the Port shall restore the Mitigation Area to the
condition contemplated in the Corps/Ecology-approved Natural Resource Mitigation Plan
(except for any authorized structure or use that will remain in the Mitigation Area).

4. Default; Remedies. Any violation of a covenant or condition in this
Declaration shall be considered a violation of Ecology's Order and the Corps Permit, and
this Declaration may be enforced pursuant to the terms of Ecology's Order and the Corps
Permit.
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5. Binding Effect. The Declaration shall run with the land and be binding
upon the Port and its successors and assigns.

6. Captions. The captions and paragraph headings contained in this
Declaration are for convenience and reference only and in no way define, describe,
extend, or limit the scope or intent of this Declaration, nor the intent of any provision
hereof.

7. Recording. This Declaration shall be recorded in the real property records
of King County.

8. No Third PartyRights. Nothing in this Declaration, express or implied, is
intended to confer upon any person, other than the Port and its successors and assigns any
fights or remedies under or by reason of this Declaration; provided that this Declaration
may be enforced by the Corps or Ecology as described herein.

9. Governing Law. This Declaration shall be governed by and construed in
accordance with the laws of the state of Washington.

EXECUTED AND EFFECTIVE as of the date first written above.

PORT OF SEATTLE, a Washington municipal
corporation

By:
Name:
Its:
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STATE OF WASHINGTON )
) SS,

COUNTYOF )

I certify that I know or have satisfactory evidence that
signed this instrumm'lt,on oath stat_ that he was authorized to cx=cut= the instrument and
acknowlcdgezlitasthe ofthePortofSeattle,a Washington
municipalcorporation,tobethe_ andvoluntaryactofsuchmunicipalcorporationforthe
usesandpurposesmcntionezlintheinsmm_cnt.

Datedthis dayof ,

(Sigsmtm'eofNoOoy)

(Legibly P_t or StumpName ofNotary)

Notary public in and for the state of
Washington, residing at
My appointment expires:
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EXHIBIT A
TO

DECLARATION OF RESTRICTIVE COVENANTS

LEGAL DESCRIPTION OF TTIETYEE VALLEY GOLF COURSE MITIGATION
AREA
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RESTRICTIVE COVENANTS FOR MITIGATION AREAS

Des Moines Creek Mitigation Area

AR 029703



DRAFT
11/15/01

RECORDED AT THE REQUEST OF
AND AFTER RECORDING RETURN TO:

DECLARATION OF RESTRICTIVE COVENANTS

(Des Moines Creek Mitigation Area)

Grantor: Port of Seattle, a Washington municipal corporation

Grantee: Port of Seattle, a Washington municipal corporation

Legal Description:
Official legal description attached on Exhibit A.

Assessor's Tax Parcel ID#:

Reference # (If applicable): N/A

This Declaration of Restrictive Covenants (this "Declaration") is made as of this

day of , , by the Port of Seattle, a
Washington municipal corporation (the "Port") as required by a Washington State
Department of Ecology ("Ecology") Order and a Seattle District Office of the U.S. Army
Corps of Engineers ("Corps") Section 404 Permit, each as more particularly described in
Recital C, below.
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RECITALS

A. The PortistheownerofthosecertainrealpropertieslocatedinKing County,

Washingtonand describedasfollows:(i)therealpropertyadjacenttoornearMiller
Creek(the"MillerCreekMitigationArea");(ii)therealpropertyadjacenttoornear
MillerCreek,Lora Lake,and the formerVacca Farm (the"MillerCreek/I._ra
Lake/VaccaFarm Wetlandand FloodplainMitigationArea");(iii)therealproperty

adjacenttoorneartheTyeeValleyGolfCourseproperty(the"TyecValleyGolfCourse
MitigationArea");(iv)therealpropertycomprisingapproximately67-acreslocatedin
theCityofAuburn(the"AuburnWetlandMitigationArea");(v)therealproperty
adjacenttoornearDesMoinesCreek(the"DesMoinesCreekMitigationArea");(vi)the
realpropertyadjacenttoBorrowArea3 (the"BorrowArea3 MitigationArea");and(vii)
therealpropertyattheformerDesMoinesWay Nursery(the"DesMoinesWay Nursery
MitigationArea")(collectively,the "MillerCreek MitigationArea,"the "Miller
Creek/LoraLake/VaccaFarm Wetlandand FloodplainMitigationArea,"the"Tyee
ValleyGolfCourseMitigationArea,"the"DesMoinesCreekMitigationArea,"the
"AuburnWetlandMitigationAx..ea,"the"BorrowArea3 MitigationArea,"andthe"Des
MoinesWay NurseryMitigationArea"arereferredtohereinasthe"MitigationSites").
ThisDeclarationrelatestotheDes MoinesCreekMitigationArea,whichislegally
describedinExhibitA attachedheretoandbythisreferenceincorporatedherein.

B. Inconnectionwiththeconstructionofathirdrunwayandotherimprovementsat
Seattle-TacomaInternationalAirport,thePortproposedcertainmitigationactivitiesfor
theMitigationSitesthatinclude:streamriparian/bufferenhancements,floodplainand
wetlandenhancement,andconstructionofreplacementwetlands.

C. In order to comply with Ecology's Order #1996-4-02325 (Amended-l)
("Ecology's Order"), and the Corps Section 404 Permit # ("Corps
Permit"), for the Port's mitigation activities at the Mitigation Sites, the Port has executed
this Declaration regarding the Des Moines Creek Mitigation Area, and has executed
similar Declarations for the other Mitigation Sites, to submit the Des Moincs Creek
Mitigation Area to the covenants, conditions, and restrictions herein.

NOW, THEREFORE:

I. Declaration.ThePortherebydeclaresthattheDesMoinesCreekMitigation
Area(hereinafterthe"MitigationArea")shallbesubjecttothecovenants,conditions,and
restrictionsstatedhereinwhichshallbcbindingonallpartieshavinganyright,title,or
interestintheMitigationAreaoranypartthereofandshallinuretothebenefitofeach
subsequentownerthereof.
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2. Purpose. The purpose of this Declaration is to meet the requirements of the
federal Clean Water Act and state water quality standards as set forth in Ecology's Order

and the Corps Permit, and to restrict devdopment and construction activities within the
Mitigation Area.

3. Restrictive Covenants. The Mitigation Area shall be used as a natural
vegetative buffer, and no development activity including clearing, grading, filling, or the
construction of any building, structure, or other improvement shall occur in the

Mitigation Area, excopt for the following:

a. Activities authorized in the Corps/Ecology-approved Natural Resource
Mitigation Plan to construct and establish the mitigation. Existing uses in
the Mitigation Area may continue until the uses are removed or halted

during construction of the mitigation.

b. Wildlife management control actions pursuant to and governed by the
current Wildlife Hazard Management Plan or any subsequent version of

the Plan adopted by the Port in cooperation with the U.S. Department of
Agriculture's Wildlife Services Program and the Federal Aviation
Administration pursuant to Title 14 of the Code of Federal Regulations
(Section 139.337). Prior to the adoption of any subsequent version of the
Plan, the Plan shall be submitted to the Corps and Ecology for review and

comment regarding potential impacts on the Mitigation Area. If during
review and comment, the Corps or Ecology identifies any impacts to the
functions and values of the Mitigation Area, the Port shall within 60 days
submit to the Corps and Ecology a conceptual plan that compensates for

the identified impacts and, within 90 days following Corps and Ecology
approval of the conceptual plan, submit for approval a final compensation
plan.

c. Monitoring, maintenance, and contingency actions pursuant to Ecology's
Order and the Corps Permit, including but not limited to removal of
exotic, non-native, invasive vegetation to satisfy the mitigation
performance standards.

d. Construction of stormwater drainage channels and outfalls as authorized in

writing by the Corps and Ecology, and maintenance of those channels and
outfalls.

e. Installation of water and air quality monitoring equipment as authorized in
writing by the Corps and Ecology, and maintenance of the equipment.
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f. Vegetation bright control to maintain FAA required approach slopes and
radar coverage.

g. Felling of trees that a certified arborist has determined to be a hazard to
persons or property (e.g., diseased or damaged trees that could fall on
adjacent property), as authorized in writing by the Corps and Ecology.
Felled trees shall remain in the Mitigation Area as woody debris, and the
Port shaH replant areas where trees are felled, as appropriate to maintain
consistency with the Corps/Ecology-approved Natural Resources
Mitigation Plan. (This exception does not apply to wildlife management
control actions, which are governed by a separate exception above.)

h. Continuation, including maintenance and reconstruction, of the two
existing underground sewer lines, one of which is currently owned and
operated by the Midway Sewer District, and the other of which is
currently owned and operated by the Port.

i. Activities to implement the Des Moines Creek Basin Plan as authorized in
writing by the Corps and Ecology.

j. Other activities authorized in writing by the Corps and Ecology.

Any activity in the Mitigation Area, as authorized above, shall use methods that
minimize damage to the Mitigation Area. Where the activity will be carried out by a
utility or other non-Port entity, the Port shall provide access over adjacent Port-owned
property as necessary to shorten the access route within the Mitigation Area. Following
any activity in the Mitigation Area, the Port shall restore the Mitigation Area to the
condition contemplated in the Corps/Ecology-approved Natural Resource Mitigation Plan
(except for any authorized structure or use that will remain in the Mitigation Area).

4. Default; Remedies. Any violation of a covenant or condition in this
Declaration shall be considered a violation of Ecology's Order and the Corps Permit, and
this Declaration may be enforced pursuant to the terms of Ecology's Order and the Corps
Permit.

5. Binding Effect. The Declaration shall run with the land and be binding upon
the Port and its successors and assigns.
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6. Captions. The captions and paragraph headings contained in this Declaration
are for convenience and reference only and in no way define, describe, extend, or limit

the scope or intent of this Declaration, nor the intent of any provision hereof.

7. Recording. This Declaration shall be recorded in the real property records of
King County.

8. No Third Party Rig_hts. Nothing in this Declaration, express or implied, is
intended to confer upon any person, other than the Port and its successors and assigns any
rights or remedies under or by reason of this Declaration; provided that this Declaration

may be enforced by the Corps or Ecology as described herein.

9. Governing Law. This Declaration shall be governed by and construed in
accordance with the laws of the state of Washington.

EXECUTED AND EFFECTIVE as of the date first written above.

PORT OF SEATTLE, a Washington municipal
corporation

By:
Name:
Its:

5
50200745.06

Des Mom_ Creek Mitiption Anm

AR 029708



STATE OF WASHINGTON )
) SS.

COUNTY OF )

I certify that I know or have satisfactory evidence that
signed this instrument, on oath stated that he was authorized to execute the instrument and
acknowl_g_ it as the of the Port of Seattle, a Washington
municipal corporation,to be the fi'_ and voluntary act of such municipal corporation for the
uses and purposes mentioned in the insman_at.

Dated this day of

($JBmtu_ of Nom'y)

(LegiblyPrintor StampName of Nmary)

Notary public in and for the state of
Washington, residing at
My appointment expires:
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EXHIBITA
TO

DECLARATION OF RESTRICTIVECOVENANTS

LEGAL DESCRIPTION OF THE DES MOINES CREEK MITIGATION AREA
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DRAFT
11/15/01

RECORDED AT THE REQUEST OF
AND AFTER RECORDING RETURN TO:

DECLARATION OF RESTRICTIVE COVENANTS
(Borrow Area 3 Mitigation Area)

Grantor: PortofSeattle,aWashingtonmunicipalcorporation

Grantee: PortofSeattle,aWashingtonmunicipalcorporation

LegalDescription:
OfficiallegaldescriptionattachedonExhibitA.

Assessor'sTaxParcelID#:

Reference# (Ifapplicable):N/A

ThisDeclarationofRestrictiveCovenants(this"Declaration")ismade asofthis

day of , , by the Portof Seattle,a
Washingtonmunicipalcorporation(the"Port")as requiredby a WashingtonState
DepartmentofEcology("Ecology")OrderandaSeattleDistrictOfficeoftheU.S.Army
CorpsofEngineers("Corps")Section404Permit,eachasmoreparticularlydescribedin
RecitalC,below.
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RECITALS

A. The Port is the owner of those certain real properties located in King County,

Washington and described as follows: (i) the real property adjacent to or near Miller
Creek (the "Miller Creek Mitigation Area"); (ii) the real property adjacent to or near
Miller Creek, Lora Lake, and the former Vacca Farm (the "Miller Creek/I_ra
Lake/Vacca Farm Wetland and Floodplain Mitigation Area"); (iii) the real property

adjacent to or near the Tyee Valley Golf Course property (the "Tyee Valley Golf Course
Mitigation Area"); (iv) the real property comprising approximately 67-acres located in
the City of Auburn (the "Auburn Wetland Mitigation Area"); (v) the real property
adjacent to or near Des Moines Creek (the "Des Moines,Creek Mitigation Area"); (vi) the
real property adjacent to Borrow Area 3 (the "Borrow Area 3 Mitigation Area"); and (vii)
the real property at the former Des Moines Way Nursery (the "Des Moines Way Nursery
Mitigation Area") (collectively, the "Miller Creek Mitigation Area," the "Miller
Creek/Lora Lake/Vacea Farm Wetland and Floodplain Mitigation Area," the "Tyee
Valley Golf Course Mitigation Area," the "Des Moines Creek Mitigation Area," the
"Auburn Wetland Mitigation Area," the ''Borrow Area 3 Mitigation Area," and the "Des
Moines Way Nursery Mitigation Area" are referred to herein as the "Mitigation Sites").
This Declaration relates to the Borrow Area 3 Mitigation Area, which is legally described

in Exhibit A attached hereto and by this reference incorporated herein.

B. Inconnectionwiththeconstructionofa thirdrunway and otherimprovementsat

Seattle-TacomaInternationalAirport,thePortproposedcertainmitigationactivitiesfor
theMitigationSitesthatinclude:streamriparian/bufferenhancements,floodplainand

wetlandenhancement,andconstructionofreplacementwetlands.

C. In order to comply with Ecology's Order # 1996-4-02325 (Amended-l)
("Ecology's Order"), and the Corps Section 404 Permit # ("Corps
Permit"), for the Port's mitigation activities at the Mitigation Sites, the Port has executed
this Declaration regarding the Borrow Area 3 Mitigation Area, and has executed similar
Declarations for the other Mitigation Sites, to submit the Borrow Area 3 Mitigation Area
to the covenants, conditions, and restrictions herein.

NOW, THEREFORE:

1. Declaration. The Port hereby declares that the Borrow Area 3 Mitigation
Area (hereinaRer, the "Mitigation Area") shall be subject to the covenants, conditions,
and restrictions stated herein which shall be binding on all parties having any right, title,
or interest in the Mitigation Area or any part thereof and shall inure to the benefit of each
subsequent owner thereof.
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2. Purpose. The purpose of this Declaration is to meet the requirements of
the federal Clean Water Act and state water quality standards as set forth in Ecology's
Order and the Corps Permit, and to restrict development and construction activities
within the Mitigation Area.

3. Restrictive Covenants. The Mitigation Area shall be used as a natural
wetland area, and no development activity including cleating, grading, filling, or the
construction of any building, structure, or other improvement shall occur in the
Mitigation Area, except for the following:

a. Activities authorized in the Corps/Ecology-approved Natural
Resource Mitigation Plan to construct and establish the mitigation.
ExistingusesintheMitigationAreamay continueuntiltheuses
areremovedorhaltedduringconstructionofthemitigation.

b. Wildlife management control actions pursuant to and govemed by
the current Wildlife Hazard Management Plan or any subsequent
version of the Plan adopted by the Port in cooperation with the
U.S. Department of Agriculture's Wildlife Services Program and
the Federal Aviation Administration pursuant to Title 14 of the
Code of Federal Regulations (Section 139.337). Prior to the
adoption of any subsequent version of the Plan, the Plan shall be
submitted to the Corps and Ecology for review and comment
regarding potential impacts on the Mitigation Area If during
reviewandcomment,theCorpsorEcologyidentifiesanyimpacts
tothefunctionsandvaluesoftheMitigationArea,thePortshall
within60dayssubmittotheCorpsandEcologyaconceptualplan
thatcompensatesfortheidentifiedimpactsand,within90 days
followingCorpsand Ecologyapprovalof theconceptualplan,

, submit for approval a final compensation plan.

c. Monitoring, maintenance, and contingency actions pursuant to
Ecology's Order and the Corps Permit, including but not limited to
removal of exotic, non-native, invasive vegetation to satisfy the
mitigation performance standards.

d. Installation of water and air quality monitoring equipment as
authorized in writing by the Corps and Ecology, and maintenance
of the equipment.
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e. Vegetation height control to mamta_rt FAA re_uil-e,d approach
slopes and radar coverage.

f. Felling of trees that a certified arborist has determined to be a
hazard to persons or property (e.g., diseased or damaged trees that
could fall on adjacent property), as authorized in writing by the

Corps and Ecology. Felled trees shall remain in the Mitigation
Area as woody debris, and the Port shall replant areas where trees
are felled, as appropriate to maintain consistency with the
Corps/Ecology-approved Natural Resources Mitigation Plan.

(This exception does not apply to wildlife management control
actions, which are governed by a separate exception above.)

g. Construction and maintenance of a drainage swale to convey water
to wetlands in the area, as required by the Corps/Ecology-approved
NaturalResourceMitigationPlan.

h. Continuation,includingmaintenance and reconstruction,of

existingstormwaterdrainagelines.

i. Otheractivitiesauthorizedinwritingby theCorpsandEcology.

Any activityintheMitigationArea,as authorizedabove,shalluse methodsthat

minimizedamage to theMitigationArea. Where theactivitywillbe carriedoutby a
utilityor othernon-Portentity,thePortshallprovideaccessoveradjacentPort-owned
propertyasnecessarytoshortentheaccessroutewithintheMitigationArea. Following

any activityin theMitigationArea,thePortshallrestorethe MitigationArea to the
conditioncontemplatedintheCorps/Ecology-approvedNaturalResourceMitigationPlan
(exceptforany authorizedstructureorusethatwillremainintheMitigationArea).

4. Default;Remedies. Any violationof a covenantor conditionin this
Declarationshallbe considereda violationofEcology'sOrderand theCorpsPermit,and
thisDeclarationmay be enforcedpursuanttothetermsofEcology'sOrderandtheCorps
Permit.

5. Binding Effect. The Declaration shall run with the land and be binding
upon thePortanditssuccessorsand assigns.

6. .Captions.The captionsand paragraphheadings containedin this
Declarationare forconvenienceand referenceonly and in no way define,describe,
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extend, or limit the scope or intent of this Declaration, nor the intent of any provision
hereof.

7. Recording. This Declaration shall be recorded in the real property records
of King County.

8. No Third PartyRights. Nothing in this Declaration, express or implied, is
intended to confer upon any person, other than the Port and its successors and assigns any
rights or remedies under or by reason of this Declaration; provided that this Declaration
may be enforced by the Corps or Ecology as described herein.

9. Governing Law. This Declaration shall be governed by and construed in
accordance with the laws of the state of Washington.

EXECUTED AND EFFECTIVE as of the date first written above.

PORT OF SEATTLE, a Washington municipal
corporation

By:
Name:
Its:
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STATE OF WASHINGTON )
) $$.

COUNTYOF )

I certify that I know or have satisfactory evidence that
signed this instrument, on oath stated that he was authorized to execute the in.maunent and
acknowledged it as the of the Port of Seattle, a Washington
municipal corporation, to be the free and voluntary act of such municipal corporation for the
uses and purposes mentioned in the instrument.

Dated tlfis day of

(Silpaaam_ of Noza,D, )

(Leg_ly Pm_ orSlampName of No_/)

Notary public in and for the state of

Washington, residing at
My appointment expires:
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DRAFT
11/15/01

RECORDED AT THE REQUEST OF
AND AFTER RECORDING RETURN TO:

DECLARATION OF RESTRICTIVE COVENANTS
(Auburn Wetland Mitigation Area)

Grantor: Port of Seattle, a Washington municipal corporation

Grantee: Port of Seattle, a Washington municipal corporation

Legal Description:
Official legal description attached on Exhibit A.

Assessor's Tax Parcel ID#:

Reference # (If applicable): N/A

This Declaration of Restrictive Covenants (this "Declaration") is made as of this
day of , , by the Port of Seattle, a

Washington municipal corporation (the "Port") as required by a Washington State
Department of Ecology ("Ecology") Order and a Seattle District Office of the U.S. Army
Corps of Engineers ("Corps") Section 404 Permit, each as more particularly described in
Recital C, below.
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RECITALS

A. The Port is the owner of those certain real properties located in King County,
Washington and described as follows: (i) the real property adjacent to or near Miller
Creek (the "Miller Creek Mitigation Area"); (ii) the real property adjacent to or near
Miller Creek, Lora Lake, and the former Vacca Farm (the "Miller Creek/I._ra
Lake/Vacca Farm Wetland and Floodplain Mitigation Area"); (iii) the real property
adjacent to or near the Tyee Valley Golf Course property (the '"ryee Valley Golf Course
Mitigation Area"); (iv) the real property comprising approximately 67-acres located in
the City of Auburn (the "Auburn Wetland Mitigation Area"); (v) the real property
adjacent to or near Des Moines Creek (the "Des Moines Creek Mitigation Area"); (vi) the
real property adjacent to Borrow Area 3 (the "Borrow Area 3 Mitigation Area"); and (vii)
the real property at the former Des Moines Way Nursery (the ''Des Moines Way Nursery
Mitigation Area") (collectively, the "Miller Creek Mitigation Area," the ''Miller
Creek/Lora Lake/Vacea Farm Wetland and Floodplain Mitigation Area," the "Tyee
Valley Golf Course Mitigation Area," the "Des Moines Creek Mitigation Area," the
"Auburn Wetland Mitigation Area," the "Borrow Area 3 Mitigation Area," and the '`Des
Moines Way Nursery Mitigation Area" are referred to herein as the "Mitigation Sites").
This Declaration relates to the Auburn Wetland Mitigation Area, which is legally
described in Exhibit A attached hereto and by this reference incorporated herein.

B. In connection with the construction of a third runway and other improvements at
Seattle-Tacoma International Airport, the Port proposed certain mitigation activities for
the Mitigation Sites that include: stream riparian/buffer enhancements, floodplain and
wetland enhancement, and construction of replacement wetlands.

C. In order to comply with Ecology's Order #1996-4-02325 (Amended-l)
("Ecology's Order"), and the Corps Section 404 Permit #
("Corps Permit"), for the Port's mitigation activities at the Mitigation Sites, the Port has
executed this Declaration regarding the Auburn Wetland Mitigation Area, and has
executed similar Declarations for the other Mitigation Sites, to submit the Auburn
Wetland Mitigation Area to the covenants, conditions, and restrictions herein.

NOW, THEREFORE:

1. Declaration. The Port hereby declares that the Auburn Wetland
Mitigation Area (hereinafter the "Mitigation Area") shall be subject to the covenants,
conditions, and restrictions stated herein which shall be binding on all parties having any
right, title, or interest in the Mitigation Area or any pan thereof and shall inure to the
benefit of each subsequent owner thereof.
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2. Purpose. The purpose of this Declaration is to meet the requirements of
the federal Clean Water Act and state water quality standards as set forth in Ecology's
Order and the Corps Permit, and to restrict development and construction activities
within the Mitigation Area.

3. Restrictive Covenants. The Mitigation Area shall be used for wetland
mitigation. The Mitigation Area shall also be used for floodwater storage in flood events,
but it shall not be used for stormwater management for developed areas (i.e., stormwater
detention and water quality treatment). No development activity including clearing,
grading, filling, or the construction of any building, structure, or other improvement shall
occur in the Mitigation Area, except for the following:

a. Activities authorized in the Corps/Ecology-approved Natural Resource
Mitigation Plan to construct and establish the mitigation. Existing
uses in the Mitigation Area may continue until the uses are removed or
halted during construction of the mitigation.

b. Activities necessary for the maintenance and effective ,functioning of
the wetlands and buffers, including but not limited to: (i) monitoring,
maintenance, and contingency actions pursuant to Ecology's Order
and the Corps Permit; (ii) the removal of exotic, non-native, invasive
vegetation; and (iii) maintenance of drainage channels.

c. Felling of trees that a certified arborist has determined to be a hazard
to persons or property (e.g., diseased or damaged trees that could fall
on adjacent property), as authorized in writing by the Corps and
Ecology. Felled trees shall remain in the Mitigation Area as woody
debris, and the Port shall replant areas where trees are felled, as
appropriate to maintain consistency with the Corps/Ecology-approved
Natural Resources Mitigation Plan. (This exception does not apply to
wildlife management control actions, which are governed by a separate
exception above.)

d. Other activities authorized in writing by the Corps and Ecology.

Any activity in the Mitigation Area, as authorized above, shall use methods that
minimize damage to the Mitigation Area. Following any activity in the Mitigation Area,
the Port shall restore the Mitigation Area to the condition contemplated in the
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Corps/Ecology-approvedNaturalResourceMitigationPlan(exceptforanyauthorized
structureorusethatwillremainintheMitigationArea).

4. Default;Remedies.Any violationofa covenantor conditionin this
DeclarationshallbeconsideredaviolationofEcology'sOrderandtheCorpsPermit,and
thisDeclarationmay beenforcedpursuanttothetermsofEcology'sOrderandtheCorps
Permit.

5. BindingEffect.The Declarationshallrunwiththelandandbe binding
uponthePortanditssuccessorsandassigns.

6. Captions.The captionsand paragraphheadingscontainedin this
Declarationareforconvenienceand referenceonlyand inno way define,describe,
extend,orlimitthescopeorintentofthisDeclaration,northeintentofanyprovision
hereof.

7. Recording.ThisDeclarationshallberecordedintherealpropertyrecords
ofKingCounty.

8. No Third Party Rights. Nothing in this Declaration, express or implied, is
intendedtoconferuponanyperson,otherthanthePortanditssuccessorsand assigns,
any rightsor rernediesunderor by reasonof thisDeclaration;providedthatthis
Declarationmay beenforcedbytheCorpsorEcologyasdescribedherein.

9. GoverningLaw. ThisDeclarationshallbe governedby andconstruedin
accordancewiththelawsofthestateofWashington.

EXECUTED AND EFFECTIVE as of the date first written above.

PORT OF SEATTLE, a Washington municipal
corporation

By:
Name:
Its:
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STATE OF WASHINGTON )
) $S.

COUNTYOF )

I certify that I know or have satisfactory evidence that
signed this insmnncnt, on oath stated that he was authorized to execute the instrmnent and
acknowledged it as the of the Port of Seattle, a Washington
municipal corporation, to be the free and voluntary act of such municipal corporation for the
uses and purposes mentioned in the insmnncnt.

Datedthis dayof ,,

($ignan,n,_of Nora.)

(Lep'bly Print or Stamp Name ofNo_'_)

Notary public in and for the state of
Washington, residing at
My appointment expires:
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EXHIBITA
TO

DECLARATION OF RESTRICTIVE COVENANTS

LEGAL DESCRIPTION OF THE AUBURN WETLAND _GATION AREA
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DRAFT
11/15/01

RECORDED AT THE REQUEST OF
AND AFTER RECORDING RETURN TO:

DECLARATION OF RESTRICTIVE COVENANTS
(Des Moines Way Nnrsery Mitigation Area)

Grantor: Port of Seattle, a Washington municipal corporation

Grantee: Port of Seattle, a Washington municipal corporation

Legal Description:
Official legal description attached on Exhibit A.

Assessor's Tax Parcel ID#:

Reference # (If applicable): N/A

This Declaration of Restrictive Covenants (this "Declaration") is made as of this
day of , , by the Port of Seattle, a

Washington municipal corporation (the "Port") as required by a Washington State
Depathnent of Ecology ("Ecology") Order and a Seattle District Office of the U.S. Army
Corps of Engineers ("Corps") Section 404 Permit, each as more particularly described in
Recital C, below.
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RECITALS

A. The Port is the owner of those certain real properties located in King County,
Washington and described as follows: (i) the real property adjacent to or near Miller
Creek (the "Miller Creek Mitigation Area"); (ii) the real property adjacent to or near
Miller Creek, Lora Lake, and the former Vacea Farm (the "Miller Creek/Lora
Lake/Vacea Farm Wetland and Floodplain Mitigation Area"); 0ii) the real property
adjacent to or near the Tyee Valley Golf Course property (the "Tyee Valley Golf Course
Mitigation Area"); (iv) the real property comprising approximately 67-acres located in
the City of Auburn (the "Auburn Wetland Mitigation Area"); (v) the real property
adjacent to or near Des Moines Creek (the "Des Moines Creek Mitigation Area"); (vi) the
real property adjacent to Borrow Area 3 (the "Borrow Area 3 Mitigation Area"); and (vii)
the real property at the former Des Moines Way Nursery (the "Des Moines Way Nursery
Mitigation Area") (collectively, the "Miller Creek Mitigation Area," the "Miller
Creek/Lora Lake/Vacea Farm Wetland and Floodplain Mitigation Area," the "Tyee
Valley Golf Course Mitigation Area," the "Des Moines Creek Mitigation Area," the
"Auburn Wetland Mitigation Area," the "Borrow Area 3 Mitigation Area," and the "Des
Moines Way Nursery Mitigation Area" are referred to herein as the "Mitigation Sites").
This Declaration relates to the Des Moines Way Nursery Mitigation Area, which is
legally described in Exhibit A attached hereto and by this reference incorporated herein.

B. In connection with the construction of a third runway and other improvements at
Seattle-Tacoma International Airport, the Port proposed certain mitigation activities for
the Mitigation Sites that include: stream riparian/buffer enhancements, floodplain and
wetland enhancement, and construction of replacement wetlands.

C. In order to comply with Ecology's Order # 1996-4-02325 Amended-l)
("Ecology's Order"), and the Corps Section 404 Permit # ("Corps
Permit"), for the Port's mitigation activities at the Mitigation Sites, the Port has executed
this Declaration regarding the Des Moines Way Nursery Mitigation Area, and has
executed similar Declarations for the other Mitigation Sites, to submit the Des Moines
Way Nursery Mitigation Area to the covenants, conditions, and restrictions herein.

NOW, THEREFORE:

1. Declaration. The Port hereby declares that the Des Moines Way Nursery
Mitigation Area (hereinafter, the "Mitigation Area") shall be subject to the covenants,
conditions, and restrictions stated herein which shall be binding on all parties having any
right, title, or interest in the Mitigation Area or any part thereof and shall inure to the
benefit of each subsequent owner thereof.
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2. Purpose. The purpose of this Declaration is to meet the requirements of
the federal Clean Water Act and state water quality standards as set forth in Ecology's
Order and the Corps Permit, and to restrict development and construction activities
within the Mitigation Area.

3. Restrictive Covenants. The Mitigation Area shall be used as a natural
wetland area, and no development activity including clearing, grading, filling, or the
construction of any building, structure, or other improvement shall occur in the
Mitigation Area, except for the following:

a. Activities authorized in the Corps/Ecology-approved Natural
Resource Mitigation Plan to construct and establish the mitigation.
Existing uses in the Mitigation Area may continue until the uses
are removed or halted during construction of the mitigation.

b. Wildlife management control actions pursuant to and governed by
the current Wildlife Hazard Management Plan or any subsequent
ve_rsionof the Plan adopted by the Port in cooperation with the
U.S. Department of Agriculture's Wildlife Services Program and
the Federal Aviation Administration pursuant to Title 14 of the
Code of Federal Regulations (Section 139.337). Prior to the
adoption of any subsequent version of the Plan, the Plan shall be
submitted to the Corps and Ecology for review and comment
regarding potential impacts on the Mitigation Area. If during
review and comment, the Corps or Ecology identifies any impacts
to the functions and values of the Mitigation Area, the Port shall
within 60 days submit to the Corps and Ecology a conceptual plan
that compensates for the identified impacts and, within 90 days
following Corps and Ecology approval of the conceptual plan,
submit for approval a final compensation plan.

c. Monitoring, maintenance, and contingency actions pursuant to
Ecology's Order and the Corps Permit, including but not limited to
removal of exotic, non-native, invasive vegetation to satisfy the
mitigation performance standards.

d. Construction of stormwater drainage channels and outfalls as
authorized in writing by the Corps and Ecology and maintenance
of those channels and outfalls.
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e. Installation of water and air quality monitoring equipment as
authorized in writing by the Corps and Ecology, and maintenance
of the equipment.

f. Vegetation height control to maintain FAA required approach
slopes and radar coverage.

g. Felling of trees that a certified arborist has determined to be a
hazard to persons or property (e.g., diseased or damaged trees that
could fall on adjacent property), as authorized in writing by the
Corps and Ecology. Felled trees shall remain in the Mitigation
Area as woody debris, and the Port shall replant areas where trees
are felled, as appropriate to maintain consistency with the
Corps/Ecology-approved Natural Resources Mitigation Plan.
(This exception does not apply to wildlife management control
actions, which are governed by a separate exception above.)

h. Continuation, including maintenance and reconstruction, of an
existing underground sanitary sewer line, currently owned and
operated by the Southwest Suburban Sewer District.

i. Continuation, including maintenance and reconstruction, of an
existing underground stormwater drainage line, currently owned by
King County.

j. Other activities authorized in writing by the Corps and Ecology.

Any activity in the Mitigation Area, as authorized above, shall use methods that
minimize damage to the Mitigation Area. Where the activity will be carried out by a
utility or other non-Port entity, the Port shall provide access over adjacent Port-owned
property as necessary to shorten the access route within the Mitigation Area. Following
any activity in the Mitigation Area, the Port shall restore the Mitigation Area to the
condition contemplated in the Corps/Ecology-approved Natural Resource Mitigation Plan
(except for any authorized structure or use that will remain in the Mitigation Area).

4. Default; Remedies. Any violation of a covenant or condition in this
Declaration shall be considered a violation of Ecology's Order and the Corps Permit, and
this Declaration may be enforced pursuant to the terms of Ecology's Order and the Corps
Permit.
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extend, or limit the scope or intent of this"Declaration, nor the intent of any provision
hereof.

7. Recording. This Declaration shall be recorded in the real property records
of King County.

8. No Third Party Rights. Nothing in this Declaration, express or implied, is
intended to confer upon any person, other than the Port and its successors and assigns any
fights or remedies under or by reason of this Declaration; provided that this Declaration
may be enforced by the Corps or Ecology as described herein.

9. Governing Law. This Declaration shall be governed by and construed in
accordance with the laws of the state of Washington.

EXECUTED AND EFFECTIVE as of the date first written above.

PORT OF SEATTLE, a Washington municipal
corporation

By:
Name:
Its:
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STATE OF WASHINGTON )
) SS,

COUNTY OF )

IcertifythatIknow orhavesatisfactoryevidencethat
signedthisinstrument,onoathstatedthathewas authorizedtoexecutetheinstrumentand
acknowledgeditasthe ,ofthePortofSeattle,a Washington
municipalcorporation,tobcthefi'ecandvoluntaryactofsuchmunicipalcorporationforthe
usesandpurposesmentionedintheinstrument,

Datedthis dayof ,

(_/plam_ of Nolary)

(I.,e_'bly Pnnt orSm'_p Name ofNotary)

Notarypublicinandforthestateof
Washington, residing at
My appointment expires:
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Note: Therestrictiveoovenantareasshow. onthesefiguresarefor referenceonly. LegaldescrlpUonswillbe

N pfaparedthatwillaocoraZolydefinethe limitso!restrictivecovenantsgenerallyshownonthue figures.

t _ Wetland MillerCreekRestdct:JveCovenantAtea ........ 8un_/edOHWM Des Moines Way
M,_c.ok Nursery Mitigation

Feet Pan_ Boundary Area Restrictive
O 25 50 75 100

Covenant
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DECLARATION OF RESTRICTIVE COVENANTS
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BORROW AREA 3 PRESERVATION OF WETLANDS
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APPENDIX H

SEA-TAC THIRD RUNWAY - BORROW AREA 3 PRESERVATION OF
WETLANDS

This appendix contains information and analysis to show how excavation of the borrow
area has been modified to avoid potential hydrologic impacts to the wetlands that occur
south and downslope of the excavation footprint. Mitigation explained in the report and
illustrated in the revised drawings includes modifications of the excavation footprint,
modification of the depth of excavation, and provision of a drainage channel to convey
groundwater that will seep into the north and west sides of the embankment to Wetland
29 and other wetlands.

Appendix H H-1 November 2001

Natural Resource Mitigation Plan 556-2912-001 (03)
Seattle-Tacoma International Airport-Master Plan Update
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MEMORANDUM Aochorage

DATE: October 20, 2000

TO: JimThomson, HNTB 8oston

FROM: Michael A.P. Kenrick, P.E.,and Michael J.Bailey,P.E.,Hart Crowser

RE: Sea-TacThird Runway - Borrow Area 3 chicago
Preservationof Wetlands

J_978-06

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
I shows the location of Borrow Area 3 to the south of Sea-TacAirport.

REVIEW OF BORROW AREA 3 WETLAND HYDROLOGY Je,_ey:i_

The first section of thismemo 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. Juneau

Factors Promoting Preservation of the Wetlands

Existingwetlands and current topography in Borrow Area 3 are shown on Figure2; the Long8eac_

proposed area of mining and resultingcontours for final excavation are shown on Figure3.

The series of wetlands mapped in Borrow Area 3 follow a line of shallow depressions in the

southcentral part of the site, extendingto 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 is at 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 su_cia} runoff and shallow interf]ow, as well as
Seattle

910 Fairview Avenue East
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
dischargesin 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 appearsto passalong the line of wetlands, to eachwetland in turn.

The key factors for sustainingwetland hydrology in Borrow Area 3 are (1) ensuringthe
continued supply of water and (2) preventing the undue lossof water from the wetlands.

Wetland hydrology is typically sustained by a combination of hydrologicprocesses,as
shown schematicallyon Figure4. The processessupportingwetland hydrology include

precipitation (P),groundwater flow (GW) and spring seepage (Sp), runoff (RO), and
interflow (IF). Other processessuchas evapotranspiration (Et)and deep percolation (DP)

lead to the potential lossof water from wetlands. Where wetlands exist, it can be assumed
that the sourcesof water exceed the losses,for at leasta large part of the year.

Maintenance of the water sources,without increasingthe losses,shouldensure preservation

of the wetlands in perpetuity.

One of the main constraintson wetland development in the area isthe relatively high

permeability of the surficialsoils. In agriculturalterms, the surficialsoilsare identified to be
part of the lndianola series(USDA, 1973) and are characterizedas being "excessively
drained" with "rapid permeability." This isconsistent with the predominant soilmaterial in

Borrow Area 3 being stratified glacial drift,which isprimarilysand and gravel outwashwith

varying amounts of silt in a predominantly granularmatrix.

The overall approach for maintaining wetlands in Borrow Area 3 focuseson preservingor

enhancingthe existingsourcesof 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 hillside at

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 regional aquifer in the eastern part of the site where the

perching layer has been removed by erosion.

The proposed borrow area excavation to the east of Wetland 29 (Figures3 and 4) will not
interfere with the perching layer behind or beneath the wetland and will, therefore, have no

direct effect on the continued discharse of 8roundwater from the west. An analysis of

groundwater flow potentially diverted from Wetland 29 (Hart Crowser, 2000) indicates that
excavation could change the seepage gradient and result in a decrease in flow to Wetland

29. Mitisation to address this potential chanse is discussed below.

Although the base of the Borrow Area 3 excavation will be lower in elevation than most of
Wetland 29, excavation will occur in predominantly permeable soils that are above the

water table. These existing permeable soils already provide a drainage pathway for seepage
losses from the wetlands. The persistence of the wetlands despite the presence of

permeable soils and a relatively deep water table demonstrates that wetlands will not be

drained by the adjacent excavations.

Other Wetlands

Water in Wetland 29 is primarily lost by percolation to the underlying aquifer and

evapotranspiration. A portion of the water flowin8 through Wetland 29 is inferred to move
downslope as interflow or shallow subsurface flow to feed successivewetlands that trend

southeastward from Wetland 29, occupying a series of shallow depressions (see Figure 3 -
note that this flow is out of the plane of the cross section on Figure 4). This inference is

based on the topographic position of the adjacent wetlands and the absence of other

sources of water. Flow appears to move from one wetland to the next, and some water is

likely lost as deep percolation into the permeable subsurface soils that underlie most of the

site, including the wetlands. Some additional water probably comes as surface runoff or
interflow from the surface catchments feedin8 each wetland.

According to the Wetland Delineation Report (Parametrix, 1999) and supporting Field Data
Sheets, the wetlands in Borrow Area 3 typically feature 10 to 12 inches of "black muck" - a

fine-Brained richly organic soil that appears to help the ponding of water in the wetland, and

likely retains saturation of the root zone rather than allowing much of the water to percolate

downward. The concept is illustrated on Figure 5, which is a cross section through Wetland
30.

Note that Wetlands 30, B7, B6, and B5 appear to exist beyond the main perchin8 layer. It is
possible that these wetlands formed on locally silty (less permeable) zones in the
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predominantly granular soil, promoting shallow perched conditionsthat sustainthe 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 Figure3) 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 themselvesare at

approximate elevations 236 feet (Wetland 30) and 235 to 238 feet (Wetlands B6 and B7),
see FiguresS 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 wilt be retained, preventing any lateral"short circuit" flowpath that could
divert water from the wetlands and into the borrow site excavation; and

• Baseelevations of the proposed excavations are at most only a foot or two lower than

the lowest point in theseadjacent wetlands.

Wetland B3 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 againstany

potential lossof water by the proposed mitigation discussedherein. Wetland B10 is

upslope of the perched zone and, therefore, would not be impacted by changesin 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 necessaryduring 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 thismemo addressesthe designof a drainageswale that will provide

additionalwater to Wetland 29 to replacethe potentiallossof seepagefrom the perched

zone.

As described in Hart Crowser (2000), groundwater modeling suggeststhe possibility that

mining will produce a small change in the groundwater flow regime within the perched
zone that feeds Wetland 29. Modeling suggestsincreased 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 seepagein a swale along the western slope face of the excavation (see Figure
3) and diverting this to Wetland 29.

Overall Concept for Drainage Swale

The proposed drainage swale is designed to collect groundwater seepage from the
excavated slope face on the north and west sides of Borrow Area 3, as depicted on Figure

3. The groundwater seepage represents natural flow from the perched zone that is forced

to discharge at the cut slope face, as described in detail in Hart Crowser (2000). The flow
will be collected and conducted southward in a swale that drains into Wetland 29. Grades

along the swale are expected to be between about 1 and 2 percent. A schematic profile

along the drainage swale is shown on Figure 7. Modeling shows there is about 2,400

_/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 loss in the natural perched zone groundwater flow to Wetland 29.
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Adaptive Design Approach

The detailed design and construction of the drainage swale will be modified as needed to

take account of field conditions revealed during the excavation of Borrow Area 3. For

example, the swale Could be lined with HDPE (see Figure6) if needed to prevent loss of
flow in the event soils encountered during construction are more permeable than indicated

by the borings. Design, construction, operation, and maintenance issuesare described
under the following headings.

Typical Cross Section

The typical cross section for the proposed drainage swale is shown on Figure 6(a). This
cross section p.resupposesthat a sufficient thickness of natural low-permeability soils (the
lateral extension of the perching layer) will be present in the upper part of the bench holding

the swale•

Prevention of Leaka_c/e

To allow for potential variability in the surface elevation 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 design slope of 1 to 2 percent. If the perching
horizon is thin or even be eroded away in places, this will be revealed as excavation of

Borrow Area 3 occurs and the intersection of the perching layer with the final cut slope
becomes visible. In the event that field mapping during excavation shows insufficient low-

permeability soil is present to form the required subgrade for the unlined drainage swale,
the 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 position of the drainage swale at mid-slope around the northern and western sides of

Borrow Area 3 will cause the swale to collect surface water runoff during high precipitation.
Some precipitation upslope of the swale is likely to infiltrate but may appear as shallow

interf]ow or perched water and contribute to seepage in the swale. Also, if constructed to

itsfull length as shown on Figure 3, the swale is expected to collect more than enough

groundwater seepage to make up for the projected maximum loss in flow from Wetland 29.
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Two measures are available to deal with these anticipated excessflows:

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 flowcontrol 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 excessflow 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
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opportunity to determine from field surveying the elevation, profile, and thickness of the

perching layer in the area of the final slope. The final design of the swale invert elevations
and cross sections 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 havebeen 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 grassis
established as part of the post-excavation site reclamation.

Operation and Maintenance

Operation of the swale, and particularly the flow control structure, will require monitoring
and recordkeeping for an initial period of about two 'to five years. During this period, the
amount of seepage and operation of the flow control weir will be monitored. The weir

height may be adjusted to ensure stable and appropriate flows to Wetland 29, which are
consistent with plant and ecological requirements of the wetlands.

° ,
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Long-term operation and maintenance of the swale will be restricted to periodic (annual)

inspections of the facility to check the basic integrity of the swale and look for signs of

erosion or blockage that could require remedial work by Port grounds maintenance staff.

F:\do_jobs\497806\DraftWetlandPre_ervationSwale.doc

Attachments:
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Figure 1 - Site Location Map

Figure 2 - Pre-ExcavationTopography and Wetlands - Borrow Area 3 Perched Zone

Figure 3 - Post-ExcavationTopography and Drainage Facilities- Borrow Area 3 Drainage
Swale

Figure 4- CrossSection A - A' through Wetland 29

Figure 5 - Cross Section B- B' through Wetland 30

Figure 6- CrossSection 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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Flow Control Structure Schematic
Borrow Area 3 Drainage Swale
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Dehvering smarter solutions

Letter of Transmittal 4n:_o,are

To: Parametrix Date: June18, 2001
5808 Lake Washington Blvd. NE
Suite 200 Job No.: 4978-06
Kixkland, WA 98033-7350

BOSton

Ate: Jim Kelley

Re: Third Runway Project, Borrow Area 3 Wetland Protection Swale

We are sendin_t the follow/nil items." c_,¢a_o
Date Copies Description

6/01 3 Figure 1 Draft Post-Reclamation Topography and Drainage
Facilities

6/01 3 Figure 2 - Draft Typical Cross Sections
DptlV('t

6/01 3 Figure 3 - Draft Post-Reclamation Topographical Detail

6/01 3 Figure 4 - Draft Proposed Wetland Protection Swale
Profile and Cross Section

These are transmitted: _a,rOan*s

£7 For your £7For acbon £7 For review _T For your £7 As requested
information specified below and comment use

Remarks ,_r,_,,c, tv

Enclosed please find the revised plan and sections for the Borrow Area 3 Wetland protection Swale
that provides mitigation of potential seepage changes. Per your request, copies are being sent directly
to Ann Kenny at Ecology and Katie Walter at Shannon and Wilson. Pending any comments from the
agencies, these draft plans and sections will be incorporated into the Borrow Area 3 excavation plans.

Please call if you have any questions, ju,,_ _

Michael Bailey, P.E. /

Title: Senior Principal

Copies to: Ann Kenny, Ecology (4) P,,rt,_,,a
Katie Walter, Shannon & Wilson (1)
Elizabeth Leavitt, Port of Seattle (1)
Alan Black, HNTB (2)
Jim Thomson, HNTB (1)
Paul Fendt, Parametrix (1)

79to Fairv,ewAvenue EastRalph Wessels, Port of Seattle (1) so,,tm.
Seattle, Washington 98102.3699
Fax 206.328 5581

Tet 206.324.9530
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APPENDIX I

SAMPLE DATA SHEETS AND PERMANENT REFERENCE POINT LOCATIONS
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APPENDIX I

SAMPLE DATA SHEETS AND PERMANENT REFERENCE POINT
LOCATIONS

This appendix contains sample data sheets that will be used to collect physical and
biological monitoring data specified in this Natural Resource Mitigation Plan and the
Section 401 Water Quality Certification (Ecology 2001). The appendix also locates

permanent reference points that will also be part of the monitoring program. At these
locations, photographs, hydrologic, soil morphology, and other ecological data will be
collected.

AppendixI I-1 November 2001
NaturalResource Mitigation Plan 556-2912-001 (03)
Seattle-Tacoma InternationalAirport-Master Plan Update
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HYDROLOGIC MONITORING
SURFACE WATER DEPTHS - STAFF GAUGE DATA

SEATTLE-TACOMA INTERNATIONAL AIRPORT
WETLAND MITIGATION MONITORING

Wetland: [] Vacca Farm [] Tyee Golf Course [] Auburn [] Borrow Area #1
[] Miller Creek Buffer [] Temporary Impacts [] DMW Nursery Site [] Borrow Area #3

Surveyor(s): Weather Conditions':

Date: [] Ecology/Corp notified a rain. of 3 days in advance of field work Page __ of

Station Time WaterLevelb Note*=j
Name/Number

ii I iii i i

i

J

Indicate subsurface water levels with a negative sign (-) and standing water with a positive (+) sign.
b Record observations of present and preceding weather conditions.
c Record species, numbers, and locations of wildlife.
d Record algae blooms, odors, or other unusual conditions.

Appendix I 1-2 November 2001

Natural Resource Mitigation Plan 556-2912-001 (03)
Seattle-Tacoma International Airport- Master Plan Update
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PHOTOGRAPHIC RECORD
SEATTLE-TACOMA INTERNATIONAL AIRPORT

WETLAND MITIGATION MONITORING

Wetland: [] Vacca Farm [] Tyee Golf Course [] Auburn D Borrow Area #1
[] Miller Creek Buffer [] Temporary Impacts [] DMW Nursery Site [] Borrow Area #3

Surveyor(s): Weather Conditions:

Date: Medium: Cl Print fdm- Roll __ or [] Digital Page of__

[] Ecology/Corp notified a ram. of 3 days in advance of field work

ii i

PhotoNumbers Location Description/Remarks/WildlifeObserv'ntions'
i

1
r

i

a Include species, location, and numbers

Appendix I 1-3 November 2001

Natural Resource Mitigation Plan 556-2912-001 (03)
Seattle-Tacoma International Airport- Master Plan Update
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VEGETATION COVER DATA
SEATTLE-TACOMA INTERNATIONAL AIRPORT

WETLAND MITIGATION MONITORING

Wetland: [] Vacca Farm [] Tyee Golf Course ['7 Auburn [] Borrow Area #I

[] Miller Creek Buffer [] Temporary Impacts [] DMW Nursery Site [] Borrow Area #3

Surveyor(s): Weather Conditions:

Date: [] Ecology/Corp notified a mm. of 3 days m advance of field work
Transect: Plot:

Soil color (at 12-mch depth): Depth of water table/soil moisture (within upper 18")"

i

Species Non=native, Estimated Cover Class Height i Dead/Alive t Remarks i

invasive Cover (%) 1 I i(4-letter code) (I to 8)' (it)
ii ii i II i i J ill ] I

•' I

t It

I '
_ L

, P
I

L

i

I
I i ,

i i I

Cover class 1= <1%,class 2 = 1-5%;class 3 = 6-15%; class 4 = 16-25% ; class 5 = 2b-50%;class 0 = 51-75%; class 7 = 76-95%;, class 8 = >95%

Appendix 1 1-4 November 2001

Natural Resource Mitigation Plan 556-2912-001 (03)
Seattle- Tacoma International Airport- Master Plan Update
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WOODY PLANT COVER
SEATTLE-TACOMA INTERNATIONAL AIRPORT

WETLAND MITIGATION MONITORING

Wetland: [] Vacca Farm [] Tyee Golf Course [] Auburn [] Borrow Area #1
[] Miller Creek Buffer [] Temporary Impacts [] DMW Nursery Site [] Borrow Area #3

Surveyor(s): Weather Conditions:
Date: [] Ecology/Corp notified a ram. of 3 days in advance of field work
Transect: Plot::
Soil color (at 12-inch depth): Depth of water table/soil moisture (within upper 18"):

i
i

Species RecordInterceptLengthsbySpeciesandOccurrences : InterceptTotal" i
(4.Letter Code) t

i

)

f

r
T

f

I
i

J
I

Appendix I 1-5 November 2001
Natural Resource Mitigation Plan 556-2912-001 (03)
Seattle-Tacoma International Airport- Master Plan Update
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WETLAND PLANT CONDITION a
SEATTLE-TACOMA INTERNATIONAL AIRPORT

WETLAND MITIGATION MONITORING

Wetland: [] Vacca Farm [] Tyee Golf Course [] Auburn [] Borrow Area #I
[] Miller Creek Buffer [] Temporary Impacts [] DMW Nursery Site [] Borrow Area #3

[] Ecology/Corp notified a rain. of 3 days m advance of field work

Wetland Zone (circle one): Forest Shrub Emergent Open Water Buffer Other:
Date: Observer (s):

Species Leaves b % Shoots c a/o Stems j °/o Disease' % Height (It) Diameter

(4-Let'ter (era) (Trees only)

Code)

I

J

i

i

i

= Attach site map of wetland to indicate specific areas examined and reported on this data sheet
b Note leaf color, size, and shape abnormalities
c Note typical shoot elongation for current season, and abnormalities (including die-back)
d Note stem die-back, if any

Record diseases or pests (including insect or animal grazing)

Appendix I 1-6 November 2001
Natural Resource Mitigation Plan 556-2912-001 (03)
Seattle-Tacoma International Airport- Master Plan Update
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VEGETATION MONITORING DATA SHEET (POINT-INTERCEPT)
SEATTLE-TACOMA INTERNATIONAL AIRPORT

WETLAND MITIGATION MONITORING

Wetland: [] Vacca Farm [] Tyee Golf Course [] Auburn [] Borrow Area #1
[] Miller Creek Buffe [] Temporary Impacts I'-JDMW Nursery Site [] Borrow Area #3

Date: Wetland Number: Transect Number/Location:

Sheet __ of __: Lat/Long (beginning or ending):
Surveyor(s): [] Ecology/Corp notified a ram. of 3 days in advance of field work

II

Sample Distance Soil Type Species Present

Point along O/M (4 letter code -Alnus rubra = ALRU)" Comments bNumber Transect
Organic/Mineral Tree Shrub Herbaceous

(feet) i i i

vasive non-native plants will be identified and tallied separately

ote soil saturation at areas along transects (i.e., at beginmng, ending, topographic changes, or changes in soil type)

Appendix I I-7 November 2001
Natural Resource Mitigation Plan 5J6-2912-001 (03)
Seattle-Tacoma International Airport- Master Plan Update
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Vegetation Monitoring - Seattle-Tacoma Intemational Airport- Wetland Mitigation Monitoring

Site# Site Name Surveyor(s) Date

Photo Roll Photo Numbers

Stratum Height Modal Cover CAass % Cover I MiG_,._t Circle Plot Size
Range (ft) Height (ft) Midlx_nt <1 05 Acres Radius

i

Trees (>10' tall, singlestem) 1-5 3 1/100 118
Snag (>__10',singlestem; >_4"Dia.) ; ._.._.-_j: 6-15 10.5 1150 167

Small Trees (>3' & <10', singlestem) _! 16-25 20.5 1/25 236

Seedlings(</=3', singlestem) __ 26-50 38 1/10 372

Shrubs (multiplestem) 51-75 63 _ ._'_'_,.:_,_-;'_-_j_

,Forbs, Graminoids, FerNs j_ Fern A_,ies _ 76-,5 85.5 _.'] _

i: Plot I Map vegetation: N Scale: Symbol S'peoes Number

Fo_s. Graminoids, Ferns & Fern Allies Cover Class Forbs. Graminoi0s. Ferns '& Fern Allies Cover (_lass

•,, Species ,, Mi0pomt Speoes Mcll0oint

Notes:

Parametnx. Inc Vegetation Data Sheet Vl.0 William Klelndl9/28100

Appendzx 1

Natural Resource Mitigation Plan No.tuber 2001

Seattle-Tacoma International Airort-Master Plan Update 1-8 556-2912-001 (03)
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APPENDIX J

MILLERCREEKMITIGATIONAREA-

BUFFERAVERAGINGANALYSIS

J
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APPENDIXJ

MILLER CREEK MITIGATION AREA -
BUFFER AVERAGING ANALYSIS

This appendix contains a map and table showing how buffer averaging calculations were made to
account for portions of the desired lO0-foot buffers that could not be included in the mitigation
area because of unavoidable conflicts with Master Plan Update or other projects that could not be
reasonably relocated to avoid wetlands. The buffer averaging also accounts for utility and other
easements that pass through mitigation areas. These easements are excluded from mitigation
areas, restrictive covenants, and mitigation credits because they cannot be fully protected by the
Port.

Appendix J J-1 November 2001

Natural Resource Mitigation Plan 556-2912-001 (03)
Seattle-Tacoma International Airport- Master Plan Update
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Table J-I Buffer Averaging Analysis for the Miller Creek Mitigation Area"

Wetland and Riparian Buffer Impacts and Mitigation Area (acres)

ENCROACHMENTS INTO WETLAND OR RIPARIAN BUFFERS

Sewer line easement 1.71

Stormwater Ponds C and G 0.84

Runway Embankment and South 154/South 156_ Street 3.95

ASDE Alternative Sites 0.93

TRACON Security Fence 0.55
Total 7.98

BUFFER AVERAGING AREAS

Area A 0.79

Area B 2.37

Area C 5.02

Area D 1.73

Area E 0.33

Total 10.24

Excess Buffer Averaging Area 2.26

a Refer to Figure J-I for the locations of these areas.
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APPENDIX K

REQUIREMENTS FOR COASTAL CUTTHROAT TROUT AND DESIGN CRITERIA FOR
FISH HABITAT ENHANCEMENTS

INTRODUCTION

Stream channel mitigation planned at the Vacca Farm site, as explained in Section 5.1 of the National
Resource Mitigation Plan RMP). A design criteria for fish habitat is to meet, to the degree feasible

given stream and site constrains, is to meet the habitat requirements of coastal cutthroat trout (Salmo
clarki clarla') 1. This appendix discusses some of the basic habitat requirements of this fish and how the
mitigation is designed to accommodate them.

Cutthroat trout are resilient and nearly ubiquitous in urban streams of the greater Seattle area (Muto
and Shefler 1983; Lucchetti and Fuerstenberg 1992; Ludwa et al. 1997; Serl 1999). The habitat
requirements of cutthroat trout are well documented and are similar to those of coho salmon

(Oncorhynchus kisutch)(Glova 1978). Because cutthroat trout and possibly coho salmon use Miller
Creek, their habitat requirements were used to develop design criteria for the Miller Creek Relocation

and Instream Enhancement projects. Specific fisheries use of Miller Creek within the project area is
discussed in Section 4 of the Biological Assessment (Parametrix 2000) and Section 5.1 of the NRMP.

REQUIREMENTS OF CUTTHROAT TROUT

Throughout most of the year cutthroat trout fry require low velocity shallow water that is associated
with backwater pools, side channels, undercut banks, submerged tree roots or branches, logs, and the
margins of pool and riffle habitats (June 1981; Trotter 1989; Giger 1972). In addition, juvenile

cutthroat trout prefer water temperatures between 48 ° and 60 ° F (Wydoski and Whitney 1979; Trotter
1989; Heggenes et al. 1991; Flosi and Reynolds 1994). During periods of high flows and cold water
temperatures, juvenile cutthroat use deeper, low velocity pools or stream substrate. Under these

conditions, the young fish are torpid and seek cover under rocks and tree roots and in log jams (June
1981; Trotter 1989; Flosi and Reynolds 1994).

Cutthroat trout also require summer cover, which can be provided by treetops, branches, and other
small woody debris (June 1981; Flosi and Reynolds 1994). Cutthroat trout prefer to spawn in substrate
that ranges from 5 to 25 mm (coarse sand to walnut-sized gravel) (Cramer 1940; Trotter 1989; Hall et
al. 1997).

1
Cutthroat trout have not been observed in this section of Miller Creek. The restored channel and enhanced portions of the

creek could be expected to support this species in the future.
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DESIGN CRITERIA

The Miller Creek Relocation and Instream Enhancement projects have been designed to meet the
habitat requirements of cutthroat trout and coho salmon within the limitations of stream hydrology,
topography, and soil conditions in the area. The proposed channel depths (0.25 to 2.0 feet) and
velocities (0.5 to 2.5 feet per second) reported in the NRMP are expected to meet habitat requirements
for fry and juvenile trout. Log weirs, large woody debris, and root wads are included in the design to
create habitat diversity, provide cover, and create low-velocity pools.

A mixture of coarse sand and small gravel in the range required by cutthroat trout will be placed in the
relocated channel and in the enhancement project areas. Although the quality of spawning substrate
may be reduced if fine sediments accumulate (Waters 1995) channel widths were designed to maintain
velocities that prevent fine sediment deposition in spawning areas. In addition, log jams that develop
pools usually improve spawning reaches by trapping gravel, and creating hydraulic conditions that
keep fine sediment in suspension (Flosi et al. 1998).

In addition to instream enhancements, the riparian corridor will also be enhanced. Flosi and Reynolds
(1994) recommended that the riparian canopy should cover approximately 80 percent of the stream
channel to maintain suitable water temperatures and to provide insect or other organic matter inputs.
The Miller Creek Relocation and Instream Enhancement projects are designed to provide a multi-
storied riparian area to provide shade, woody debris, and organic nutrients to the stream.
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APPENDIXL

GROUNDWATER AND VEGETATION
MONITORING FOR INDIRECT IMPACTS

The hydrology, vegetation, and soil conditions in wetlands located near Seattle-Tacoma
International Airport (STIA) Master Plan Update improvement areas will be monitored during a 15-

year post-construction monitoring period. This appendix summarizes the hydrology data collection
effort undertaken by the Port of Seattle to monitor the site. Monitoring well locations and data
collected to date are presented. Methods for sampling vegetation as part of the monitoring program

are also explained.

INTRODUCTION AND BACKGROUND

At the request of the regulatory agencies, Parametrix began collecting hydrologic data in the
downslope wetlands in February 2001. At that time, monitoring consisted of monthly
measurements of the depth from the ground surface to the shallow water table in hand-dug holes, as
described in wetland delineation procedures (Environmental Laboratory 1987). Measurements of
soil saturation were also taken because, as a result of capillary action, soil saturation extends above

the water surface. In April 2001, the U.S. Army Corps of Engineers (ACOE) requested that
additional monitoring sites be established and these sites were added to the sampling effort.

In September 2001, Washington State Department of Ecology (Ecology) issued the 401 Water
Quality Certification (Ecology 2001). The Certification outlines several requirements for

monitoring at the site, and specifically states the following requirements in permit Condition D 1:

g. The Port shall monitor hydrologic conditions of all wetlands downslope of the Third Runway
embankment in the Miller, Walker and Des Moines Creek sub-basins. Hydrologic monitoring

using piezometers and shallow hand dug soil pits in undisturbed wetlands downslope of the
Third Runway embankment shall be conducted with sufficient frequency to determine wet
season trends. The Port shall immediately begin conducting twice-monthly hydrologic

monitoring during the wet season, November through May, and shall continue such monitoring
for at least three (3) years after completion ....

j .... The Port shall amend the monitoring condition in Table 5.2-12 to read: "Wetland indicator

status ('WIS) of the dominant noninvasive plant species shall not differ from pre-project
conditions during or at the end of the monitoring period. Each vegetative strata (trees, shrubs
and emergents) shall be assessed separately, and have separate conclusions. Statistically valid
sampling procedures will be employed to monitor these potential changes, in all areas where
there is a potential to change the post construction hydrology (down slope of the embankment,
and the borrow sites). WIS status of the vegetation will be calculated as described in the 1987

ASACE or Washington State Department of Ecology delineation manuals. "
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Performance standards based on comparisons of post-construction vegetation, soil, and hydrology

data are more useful than simply comparing pre- and post-construction hydrologic data. This

approach is free of the short-term variations and aberrant conditions to which groundwater levels

and wetland hydrology are subject (Tiner 1999; Mitsch and Gosselink 2000). The hydroperiod

within a particular wetland is not the same each year and can vary according to trends in recent

rainfall (quantity and timing), antecedent soil moisture conditions, evapotranspiration rates and

other factors. This variability is illustrated by the data presented in Table L-1 where the period of

the wetland hydrology during spring months in a groundwater-driven wetland varies by as much as

60 days. Even in years with essentially the same amount of rainfall (Figure L-I, Table L-I), the

hydrology parameter varied by as much as 30 days. Thus, relying solely upon hydrologic data to
determine whether wetland conditions have been altered by the project is not a valid approach.

Table L-1. Cumulative precipitation and last date of observed wetland hydrology at monitoring Well 3 located at
the off-site wetland mitigation project in Auburn.

Cumulative Precipitation Since October 1
Wetland

Water Year March 31 April 30 May 31 Departure From Normal Hydrology

1995-1996 38.45 43.82 45.89 Above normal To May 30

1998-1999 41.53 43.02 45.14 Above normal To May 15

1996-1997 38.11 42.43 44.4 Above normal To June 15

1999-2000 28.76 30.24 34.00 Normal To May 15

1997-1998 26.81 27.8 29.78 Somewhat below normal To April 15

2000-2001 16.28 19.44 20.83 Much below normal To May 15

Note: The date reported for wetland hydrology is the date m the spnng when the depth from the ground surface to the
water table exceeded 12 inches, such that the wetland hydrology criteria were no longer met. This wetland lacks

hydrology from the reported date until sufficient fall rains once again result in saturated soils. (The date in the fall at
which groundwater is again present is also variable, and typically occurs in late November or early December (see
Figure 7.2-6) of the NR.MP. Precipitation data for STIA is presented in Attachment A.

More importantly, with hydrologic data, there are no scientific standards that could be used to

establish an impact threshold t' and even if there were such standards, it would take many years of
post-construction measurements to statistically establish that post-construction conditions were the

same or different from pre-construction conditions. While impact criteria for stormwater discharge-

related changes to water depths have been developed for the wetland depressions that impound

surface water, 2 they have not been developed for the slope wetland or riparian wetland classes that

occur at STIA. Since the studies did not measure changes to plant vigor or other factors with

respect to hydrologic conditions, and failed to measure groundwater conditions, they cannot be used

to evaluate any potential change in groundwater conditions in slope or riparian wetlands.

tSee discussion on page 138 in B.Wheeler (1999).

2See page 87 of Wetlands and Urbanization (Azous and Homer 2001). Because groundwater, not surface water is the
controlling hydrologic variable in slope wetlands, it is noteworthy that these studies have only measured surface water
conditions. They provide no information relating variations in groundwater conditions to vegetation or vegetation
tmpacts.
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Datacollectedfrom hydrologicobservationscan be relatedto thewetlandindicatorstatusof
wetlandplants,theinformationon vegetationtoleranceof varioushydrologicregimes,and the
intensityofreducingsoilconditions(i.e.,ironreduction[creatingmottledandgleycdsoilcolors]or
organicmatteraccumulation).Thisanalysisprovidesinsightintothelong-termhydrologicregime
underwhichthewetlandhasdeveloped,andthenatureofanyecologicalchangesthatmay occur.It
providesan objectivemethodologyfordetemfiningwhetherpost-constructionhydrologycan
reasonablybeexpectedtocontinuetosupportthewetlandsoilsandvegetation.Ifwetlandsoilsand
vegetationaremaintainedbywetlandhydrology,thedesiredwetlandfunctionswillremainalso.

The quantitativeperformancestandardsfordownslop¢wetlandshavebeendevelopedbasedupon
observationsof existingwetlandhydrology,ofsoiltypes,and ofthewetlandplantcommunities
presentinthesewetlands.Theperformancestandardsareasfollows:

• The replacementchannelshallbe constructedtoconveyallstormeventsequaltoorless
thanthe100-year,24-hourdesignstormandseepagewatercollectedby theembankment
drainagelayerandadjacentarras(permitConditionD Ii).

• Wetlandareaswithpredominantlyorganicsoils(portionsofWetland18,37a,Rl4a,Al4b,
and44a)willhavesoilssaturatedintheupperparttomid-Juneinyearsofnormalrainfall.

• Other wetlands with predominantly mineral soils shall have groundwater within the upper
10 inches from at least March to mid-April in years of normal rainfall (permit Condition D 1
k).

• The wetland indicator status of the dominant non-invasive plant species shall not differ from
pre-project conditions during or at the end of the monitoring period. Each vegetation strata
shall be assessed separately, and have separate conclusions.

In addition to determining if the ecological conditions in the wetland have changed as described
above, Condition D 1 h of the 401 Water Quality Certification requires a direct measurement of
any change in wetland area that may be related to long-term changes in post-construction
hydrology. Wetland boundaries adjacent to the embankment and borrow areas will be re-
delineated at years 5, 10, and 15 following construction. These data will be used to determine if

the wetland boundaries have changed over time, and to evaluate if additional mitigation is required
as a result of any changes to wetland boundaries.
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HYDROLGIC DATA COLLECTION

The 401 Water Quality Certification requires that hydrologic conditions of all wetlands downslope
of the Third Runway embankment in the Miller, Walker and Des Moines Creek subbasins be
monitored with sufficient frequency to determine wet season trends. This section describes

hydrologic data collection.

LOCATION OF HYDROLOGY MONITORING WELLS

Hydrologic monitoring wells were placed in wetlands located downslope of construction areas. The
specific locations of these wells were established based on discussions and review by ACOE and
Ecology staff. The monitoring locations include wetlands adjacent to the Runway Safety Area
Extensions; wetlands between the Third Runway embankment and Miller Creek, between the
SASA footprint and Des Moines Creek; south of the IWS lagoons; and adjacent to borrow site
excavations (Figures L-2 and L-3). As part of geoteehnical evaluations other hydrologic data have
been collected in Wetlands 18 and 37.

WELL INSTALLATION

Installation of groundwater monitoring wells in the wetlands was conducted in accordance with a
Clean Water Act Section 404 Nationwide Permit 5 (for scientific measuring devices) that approved
installation of 50 shallow groundwater monitoring wells. Prior to well installation, data had been
collected at sites in hand-dug soil pits, as described in wetland delineation methodologies
(Environmental Laboratory 1987; Ecology 1997), using a shovel or 3-inch soil augur. The soil pits
were excavated or bored to a depth of 18 inches.

In August and September 2001, shallow monitoring wells were installed to meet the following
specifications:

1. Holes were hand augured to depths of approximately 2.5 feet using a 3-inch bucket or
power augur.

2. A 6-inch layer of silica sand was placed in the bottom of the hole.

3. PVC pipe was inserted into but not through the sand.

4. Sand was back-filled around the pipe to within about 6 inches of the ground surface.

5. A 2-inch seal of bentonite clay was placed above the sand and wetted.

6. Grout was placed over the seal.

7. Soil and bentonite clay was mounded around the well to keep surface water from
ponding immediately adjacent to the well.
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PRELIMINARY DATA

The hydrologic data collected fi'om these wells are summarized in graphs in Attachment B.
Groundwater data collected in support of geoteehnical studies are tabulated in Attachment C. Data
will continue to be collected and analyzed during and aiderproject construction to identify potential
hydrologic changes that may occur.

Since groundwater measurements are affected by short-term and seasonal trends in precipitation,
precipitation data were collected from the National Weather Service STIA records. Daily
precipitation data were cumulated for 7-day periods and graphed with groundwater measurements.
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VEGETATION SAMPLING METHODS

The 401 Water Quality Certification requires that the wetlands downslope of the embankment and
near borrow areas be monitored to determine if there is a change in wetland indicator status (W'IS)
of the dominant, non-invasive plant species. Specifically, the permit condition states that the
wetland indicator status of the dominant, non-invasive plant species shall not differ from pre-project
conditions during or at the end of the monitoring period. The condition specifies that each

vegetation strata (trees, shrubs, and herbaceous species) be evaluated separately due to the different
response times among strata. Each vegetative strata will be assessed separately and have separate
conclusions.

Statistically valid sampling procedures will be employed to monitor the vegetation and evaluate if
changes have occurred. The W_ISof the vegetation will be calculated as described in Environmental
Laboratory (1987) or Ecology (1997) wetland delineation manuals.

The Port will monitor vegetation in wetlands downslope of the embankment and near the borrow
areas by establishing permanent line transects and using a point intercept sampling procedure along
these transects to determine the aerial coverage of each species. Percent cover will be calculated as
the number of points along the transect intercepted by a species, divided by the total number of
measuring points taken along the transect multiplied by 100 (Elzinga et al. 1998). Tree, shrub, and
herbaceous (graminoids, ferns/fern allies, and forbs) strata cover will be recorded separately.

SAMPLING OBJECTIVES

The sampling objectives were to determine if the WIS of dominant plant species change during the
monitoring period. Future sampling will be conducted to determine if the WIS of dominant plant
-species differ from pre-project conditions during any year of the 15-year monitoring period.
Finally, future sampling must be condueted to determine if the WIS of the dominant plant species
differ from pre-project conditions at the end of the 15-year monitoring period. Wetlands included as
mitigation for the projects included in the STIA Master Plan Update are being monitored separately,
as described elsewhere in this mitigation plan.

For purposes of sampling, the wetlands were stratified into two types based on geomorphic position
and dominant hydrology. The sampling groups are slope and riparian wetland types. In addition,
sampling will be further stratified by the major differences in soil types present in the area, i.e.,
either predominantly mineral soil or predominantly organic soil.

Permanent line transects running perpendicular to the long axis of the wetland will be established in
each wetland. Transects will be marked with rebar at both ends, and the GPS position of each end
point will be recorded. Where transects are perpendicular to the long axis of the wetlands, sampling
will take place along environmental gradients (e.g., slope, soils) that are related to wetland

hydrology. Sampling along this gradient may reveal patterns in vegetation change related to position
along the slope, and indirectly to any changes in hydrology.
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MEASURING CANOPY COVER

Canopy cover will be recorded for all species along the transect using an optical sighting device.
Every 5 feet along each transect a sampling point will be established and an optical densitometer
will be used to determine if any tree, shrub and/or herbaceous species canopy intercepts that point.

Species intercepting the point will be recorded. Species cover will be calculated as:

Percent cover = number of points where species is recorded/total number of points on
transect) x I00.

Plant species along each transect will be identified to species. For any species that cannot be
identified in the field during sampling, a voucher specimen will be collected and identified using
Hitchcock et al. (1969) or Hiteheoek and Cronquist (1973). WIS will be assigned according to
ACOE and Ecology wetland delineation procedures.

PERMANENT PHOTOGRAPH POINTS

Photographs will be taken of all transects. Photographs will be taken from each transect endpoint
looking toward the opposite endpoint along the length of the transect.

SAMPLING SCHEDULE

Line transects were established and sampled in Wetlands 37 and 18 during October 2001. The
remainder of the wetlands will be sampled in 2002. During the initial data collection period, sample
sizes will be evaluated and adjusted to ensure adequate sample sizes for statistical comparisons
among years (Elzinga et al. 1998; Sutherland 1996).

DATA ANALYSIS

For each wetland in each monitoring year, the data will be summarized by strata. Percent cover for
each species in each strata will be calculated using the method described above. Dominant species
in each strata will be identified using methods described in the ACOE wetland delineation manual
(Environmental Laboratory 1987).

The W-IS for all dominants species will be recorded. A weighted score for the WIS of the
dominants species for each strata on each transect will be calculated using the method outlined in
Atkinson et al. (1993). A wetland indicator score will be assigned for each W'IS as follows:

Wetland Indicator Frequency of Occurrence in Wetlands Score

OBL > 99% 1

FACW 66-99% 2

FAC 34-66% 3

FACU 1-33% 4

UPL < 1% 5
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For the dominant species in each strata, an average WIS for the transect will be calculated by
summing the product of the wetland scores and relative abundance of each species, and dividing by
100 (Atkinson et al. 1993).

For each wetland, the WIS of all transects will be averaged by strata to get a mean WIS for each
strata for each wetland. To determine trends in the vegetation, the mean WIS in a given monitoring

year will be compared to the initial baseline monitoring year.
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ATTACHMENT A

MONTHLY CUMULATIVE PRECIPITATION
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Attachment A Table 1. Monthly cumulative precipitation at STIA by water year.

WATER YEAR OCT NOV DEC JAN FEB MAR APR MAY JLIN JUL AUG SEP

1949-1950 3,85 10.63 15,93 24.84 30.58 38,98 41.90 42.68 43.27 44.27 46.44 48.74
1950-1951 6.68 14.66 21.80 28.60 37.36 41.12 41.77 43.38 43.51 43.82 4-4.84 46.87

1951-1952 5.87 11.31 15.23 20.12 22.58 26.10 28.13 29.12 30.16 30.57 31.27 31.59

1952-1953 1.29 2.40 7.42 20.34 24.04 27.76 29.86 32.37 34.22 34.88 35.99 39.27

1953-1954 4.43 11.65 17.57 25.93 30.31 32.38 35.02 36.91 39.35 40.81 42.38 44.06
1954-1955 1.91 9.58 14.78 18.13 22.43 25.68 29,32 31.27 32.54 34.64 34.81 36.33

1955-1956 6.60 15.56 25.06 33.73 35.90 40.85 41,18 42.01 44.48 44.81 45,57 47.99

1956-1957 6.71 8.30 13.92 16.33 21.90 28.16 30,39 31.56 32.74 33.84 35.48 36.24
1957-1958 3.79 6.79 12.31 21.03 26.39 28.65 32.16 33.10 34.00 34.00 34.31 35.73

1958-1959 3.99 12.06 19.21 27.19 30.83 34.95 38,54 40.14 41.96 42.89 43.49 48.09

1959-1960 2.67 10.81 17.64 23.12 27.13 31.21 34.09 37.13 37.83 37.83 39.75 40.92
1960-1961 4.22 12.25 16.00 23.71 32.82 37.28 39.63 42.70 43.24 43.99 44.81 45.27

1961-1962 3.27 7.94 13.26 15.69 I7.98 20.84 22.87 24.69 25.37 26.06 28.02 30.33

1962-1963 4.16 I3.50 18.72 20.97 25.33 28.76 31.82 32.72 34.40 35.58 36.31 36.90

1963-1964 5.06 14.75 20.54 30.30 31.96 34.92 36.48 37.39 41.21 42.20 43.43 45.70

1964-1965 1.00 10.65 16.18 21.45 25,33 25.90 29.63 31.26 31.85 32.23 34.41 34.90

1965-1966 2.76 7.74 14.84 20.27 22,58 26.96 28.95 30.30 31.45 32.80 33.22 34,99

1966-1967 2.92 9.77 18.08 27.40 30.12 33.83 36.33 36.71 38.75 38.76 38.78 39.72
1967-1968 6.66 9.22 13.94 20.84 26.92 32.00 33.33 35.00 38.02 38.85 43.43 45,36

1968-1969 4.32 10.18 18.73 24.44 27.60 29.80 33.25 36.18 37.09 37.36 37.81 43.38

1969-1970 1.19 3.40 9.08 17.30 19.56 22.72 26.03 27.20 27.63 28.11 28.43 30,66

1970-1971 2.52 7.55 15.83 21,15 25.51 32.63 35.02 36.45 38.73 39.41 39.98 43.49
1971-1972 3.57 8.88 15.55 22.79 30.90 37.64 41.76 42,45 44.26 45.60 46.73 50.83

1972-1973 0.72 4.10 13.08 17.37 19.26 20.88 22.23 23.83 26.33 26.41 26.68 28,49

1973-1974 3.31 11.30 19.63 27.41 31.42 37.26 39.65 41.02 42.27 43.78 43.79 44.00

1974-1975 1.99 7.05 13.50 19.51 25.31 28.18 30.67 31.80 32.64 32.91 37.50 37.50

1975-1976 7.75 12.82 20.48 26.03 30.77 33.48 35.15 36.76 37.39 38,56 41.27 42.52

1976-1977 2.06 2.80 4.66 6.43 8.01 11.81 12.36 16.06 16.60 17.02 20.61 23.16

1977-1978 2.60 7.87 14.34 18.64 22.23 24.66 28.85 30.64 31.39 32.79 33.98 39.93
1978-1979 0.98 7.03 8.40 10.65 15.97 17.52 18.33 19.21 19.67 20,40 21.42 23.49

1979-1980 3.38 5.32 17.17 21.26 26.30 28.40 31.63 32.60 34.37 34.83 35.47 36.90

1980-1981 1.32 8.48 15.87 18.29 22.74 24.97 26.55 27.88 30.19 31.57 31.82 35.24

1981-1982 6.40 10.47 16.03 21.38 28.95 32.68 34.75 35.38 36.41 37.00 37.62 39.11
1982-1983 4.07 9.38 16.24 23.31 27.88 31.69 32.75 34.85 36.70 39.09 40.99 42.84

1983-1984 1.34 9.31 14.33 17.95 21.86 25.77 28.64 32.02 34.83 35.00 35.13 36.14

1984-1985 2.14 10.23 15.18 15.76 18.39 20.95 22.25 23,10 25.90 26.00 26.55 28.53
1985-1986 5.74 10.00 11.78 20.32 24.73 27.40 28.78 30,49 31.17 32.27 32.37 34.26

1986-1987 4.21 12.19 15.86 21.84 23.89 29.42 32.03 34,41 34.57 34.96 35.25 36.16

1987-1988 0.31 3.52 9.63 13.70 14.41 18.16 21.36 24,37 25.93 26.43 26.71 28.46

1988-1989 2.24 10.67 14.15 16.93 20.36 26.15 28.95 31.73 32.87 33.51 34.40 34.94

1989-1990 2.98 9.11 13.90 23.31 27.03 29.61 32.15 34.13 37.18 37.76 38.47 38.52

1990-1991 5.79 16.50 20.13 24.59 29.28 33.94 40.47 41.86 43.15 43.43 45.60 45.60

1991-1992 1.31 6.64 9.95 17.77 20.86 22.54 26.66 26.78 27.92 28.81 29.47 30.62

1992-1993 2.45 8.02 12.11 16.20 16.55 21.35 25.89 28.75 31.23 32.50 32.66 32.69
1993-1994 1,54 3.74 8.22 10.73 15.20 18.37 20.64 22.07 23.32 23.60 23.90 25.59
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Attachment A Table 1. Monthly cumulative precipitation at STIA by water year.

WATER YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JIlL AUG SEP

1994-1995 3.51 9.30 17.45 21.93 26.90 30.97 33.02 33.83 35.29 36.63 38.44 39.35

1995-1996 3.93 14.33 20.70 28.04 36.39 38.45 43.82 45.89 46.48 47.25 48.57 50.42
1996-1997 5.54 10.77 20.95 27.97 29.96 38.11 42.43 44.30 45.94 47.14 48.41 51.82

1997-1998 5.83 9.76 12.39 19.54 22.85 26.81 27.80 29.78 30.89 31.30 31.65 32.37

98-1999 3.48 15.10 24.08 30.92 37.87 41.53 43.02 45.14 47.00 48.18 49.10 49.27

1999-2000 2.26 11.86 16.92 20.69 25.94 28.76 30.24 34.00 35.65 35.75 36.08 37.20

2000-2001 3.00 6.27 8.78 11.48 13.55 16.28 19.44 20.83 23.88 24.95 25.10 25.95
# of records 52 52 52 52 52 52 52 52 52 52 52 52

MEAN 3.49 9.49 15.34 21.07 25.21 28.95 31.50 33.20 34.68 35.45 36.51 38.24

Std. Dev. 1.85 3.35 4.25 5.42 6.31 6.84 7.04 6.95 6.98 7.09 7.22 7.40

Confidence 0.50 0.91 1.15 1.47 1.71 1.86 1.91 1.89 1.90 1.93 1.96 2.01

Value (0.05)

Upper C.I. (0.05) 3.99 10.40 16.49 22.54 26.92 30.80 33.41 35.09 36.58 37.37 38.48 40.25
Lower C.I.(0.05) 2.99 8.58 14.18 19.60 23.50 27.09 29.58 31.31 32.78 33.52 34.55 36.23
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ATTACHMENT B

GROUNDWATER MONITORING CHARTS
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Parametrix ,.E.g,.e...go.dE.v,.o.e.,alSc,e.ces
5808LakeWashingtonBlvd.NE,Kirkland.WA98033-7350
425-822-8880* Fax:425-889.8808* www.parame_x.com

TECHNICAL MEMORANDUM

Date: August 16, 2001

Subject: Sediment and Channel Morphology Data near lnstream Mitigation Sites on
Miller Creek

Project Number: 556-2912-001-01-03

Project Name: Port of Seattle Master Pan Update - Environmental Permitting

Introduction

A component of the mitigation for natural resource impacts associated with the Port of Seattle master Plan
update includes instream enhancement of fish and aquatic habitat in Miller Creek (Sheet C2). The
Natural Resource Mitigation Plan provides a detailed description and design of the four instream
enhancement projects.

Review of the Seattle-Tacoma International Airport's Master Plan Update - Natural Resource Mitigation
Plan by the U.S. Army Corps of Engineers prompted a request for information on the conditions in Miller
Creek. Specifically, the Corps requested:

"Provide data regarding the existing channel morphology of Miller Creek. Provide the

information from locations which will be used in the post-construction monitoring of
the changes made to Miller Creek. This information will be used to determine if there
are adverse effects to the stream as a result of the proposed project and mitigation. "

The purpose of this technical memorandum is to document pre-construetion channel morphology and
substrate conditions in the vicinity of the Miller Creek instream mitigation sites. The memorandum also
provides data regarding channel and sediment conditions at several locations between Port of Seattle
property and Puget Sound.

Methods

Channel Morphology near lnstream Mitigation Sites

Four sampling stations were established in representative chan_e] sections downstream of each instream

mitigation project site (see Sheet C2). At these sites (designated MS-1 through MS-4), substrate
conditions were measured through pebble counts and channel morphology measurements were made.
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TECHNICAL MEMORANDUM (CONTINUED)

Pebble counts were completed following procedures described in Wolman (1954) and Bain and Stevenson
(1999). The pebble counts consist of randomly collecting and measunng 100 surface particles along a
representative stream transect.

Channel morphology measurements at each site were made following standard assessment techniques
(Bain and Stevenson 1999). The key measurements included determining bankfull width, bankfull depths,
bankfull elevation, floodplain width, water surface elevations, and the thalweg elevations (i.e., the
elevation of the deepest part the of the channel). Other measures of channel morphology were calculated

as specified in table presented in Attachment A.

Other Sampling

Representative cross sections along the creek channel were also identified in several areas located
downstream of the Port of Seattle property. The sites selected for sampling and their general conditions
are summarized in Table M-1. The locations sampled represent a variety of stream conditions, and
therefore, not all features are present at each location. There are generally two cross-sections at Sites 1
through 7 (Figure 2); one section represents a riffle zone and a second cross-section represents pool
habitat.

Pebble count and McNeil core sampling was conducted at Sites 1 through 7 to characterize surface and
subsurface substrate, respectively. McNeil core samples were collected by forcing a cylinder in the
substrate and removing the substrate within the cylinder for size composition analysis (McNeil and Ahnell

1960). Particle size distributions were determined by calculation and plotting the cumulative frequency
curves of particle size diameters (e.g., Ds0 = particle diameter greater than 50 percent of the collected
particles). In such plots, the median (Ds0) is generally considered a more robust measure than the mean for
describing sediment size because a few large particles in a sample will bias the mean more so than the

median. Sediment particle sizes often follow a log-normal size distribution with a high proportion of
particles in the low-to-middle size classes. Therefore, a logarithmic X-axis scale is required to plot
cumulative frequency of sediment particles expressed in millimeters. However, the preferable approach is
to express particle sizes as phi where phi = In (mm) / -ln(2) with the assumption that the particle sizes are
log-normally distributed. Under this assumption, the distribution of particle sizes can be described by the
mean phi and the standard deviation. In the following plots, panicle sizes are expressed in either
millimeters or phi. Tables present the data in both millimeters and phi for reference.

Results

Results of the sampling described above are provided in Attachment A and Attachment B. Attachment A
contains the results of the cross sections, longitudinal profile, and Wolman pebble count downstream of
each instream enhancement site. The pebble count for MS.-4 is coincidental to the Site 5 pebble count
(Attachment B). Attachment B contains the results of the Wolman pebble count and McNeil core samples
from six representative reaches throughout Miller Creek from the buy-out area to the mouth above the
estuarine influence. Site 1 (Stations 39-30) are not sampled because they lie within the intertidal zone and

are not representative of the stream itself. A partially blocked culvert inundated Site 4 (Stations 140-139)
and created a low-gradient depositional area. The very fine-grained substrate at Site 4 was not
representative of substrate conditions throughout the basin.

This data will be used as representative baseline data. Monitoring of post construction conditions at

mitigation sites and elsewhere will repeat the sampling described in this report. A comparison of pre- and
post-construction conditions will be used to measure changes over time to the Miller Creek channel (these

changes could be the result of Master Plan Improvement or other activities occumng in the watershed).
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TECHNICAL MEMORANDUM (CONTINUED)

Table M-1. Comparison of Miller Creek sampling site conditions.

Proximity Adjacent
Potential to Representative of to

General for Bedload Hydraulic Basin Drainage Mitigation
Reach Site/Station No. Description Transport Structures Area Sites

1/39-30 Tidal X X (L/S)

A 2/49-42 Depositional X X X (L/S)

3/99-90 High X X (L/S)
Gradient

4/140-139 Ponded/ X
Depositional

B 5 / 181-180 Medium X X X (M/S)
Gradient

6/250-240 Medium X X (U/S)
Gradient

C 7/282-281 Medium X X X (U/S)
Gradient

MS-1 to MS-4 X
Notes: L/S - lower section from mouth to 1't Avenue South

M/S - middle sections from 1=Avenue South to South 156_ Street
U/S - upper section from South 156a'Street to MCDF

References
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Miller Creek Watemhed

Channel Pattern, Dimension, end Profile

Site # MS-1 Site Name/River Location /v_;_. C_"

Drainage #._/,_._ ¢.,,. Lat ' Long__

Team d¢_,//_,. _- Date
l

Landscape Context

VVatemhedArea (sq. mi,)
ValleyType

Cross-Section

No.ctols-lmcboncells 4

BFWid_ (fl) 11.,30
BF Meal Depth(ft) 0.85
BF MoanCross-SectionalArea(SOlR) 9.61
BFV_d_:BFMeal DepthRatio 13.29
FloodpmneAreaV_dth (2X thalweg)(11) 13.50
Enmm(=hmefftRiCo (FtoodpruoeArea=V_dth/BFWidth) 1.19
BF WettedPehmeter(P=2(BFDepth)+BFWidth) 13.00
BF HydraulicRadius(RBrRBfCross-SecbonalArea/P) 0.74

Longitudinal Profile
Meal WaterSurfaceslope 1.20
MeanBank_llSlope 3.05

Pattern
ValleySlope(peroent) 2.07
Sinuosity(channellength/valleylength) 1.00
BeltV_dth(f_) 13.50
MeanderW,ldthRatio(BellWldC./BalkfunWidth) 1.16
Mealder Wavelenglh(Wt.=10.9(BFWidth)) 123.17

Mealder RadiusofCurvatom(Rc=2.5(BFWidth)to2.9(BFWidthl) 32.T/'

RosgenStreamType

Cross-Section iLongitudinalProfile

WS Thalweg Thalwe9 Thalwog PoI.Uonof

Stef_on ElevalJon BF Depth Station I BFElevatior BF Slopes Elevation WSsloOes Elevalion S_s Depth Meesuremenl
1RL 10.00 O.00 O.0l 10.0O 10.35 11.05 hflte

2 10.80 0.80 12.3 10,40 1.08 10.85 136 )oo_
3 11.00 1.00 15.4 11.28 946 1O.g0 0.54 11.8(_ 1.62
4 11.05 1.05 24.(_ 11.68 1,65 11.48 2.25 11,83 0.12
5 10.55 0.55 30.(_ 11.70 O.11 11.60 0.67 12.26 250

6RR 10.00 0.00
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Miller Creek Watershed

Channel Pattern, Dimension, and Profile

Site # MS-2 Site Name/River Location p,t;[{_ C'11,,

Drainage p-l; _l,r C_.. Lat ,. ' Long__ __

Team _//'_ r- Date

Landscape Context
watanmed Area(zq.mL)
VedleyType

Cross-Section
No.¢fo_-Imc_on cedis 5
BFV_dth(It) 12.00
BFMean[_ (ft) 0.21
BFMeanCm4Nz.SectionedArea(_l n) 2.54
BF_lth:BF MeanDepthRatio 56.60
FloodproneARmV_Ad_(2){ thaiweO)(fl) 15.Q0
EnUmchmantRa_ (FloodproneAreaWidth_F Wtclth) 1.25
BF VVe_d Pemlleter(P-2(BF Dspth)+BFWidth) 12.42
BF HydraulicRadius(R_=Bf Crou-Sec_onedArea/P) 0.20

LongitudinalProfile
MeanWater Surface Slope 1.39
Mean Bank'fullSlope 1.54

Pattern
ValleySlope 2.07
Sinuosity(mannedleflggVvedleylength) 1.44
BedtWidth(fl) 40.00
MeanderWidthRatio(BeltV_dth/BanldullV_I) 3.33
MeanderWav_eng_ (WL=I0.9(BFW_th)) 130.80

rmn mmz

MeanderRaKliulofCurvature(R,c=2.5(BF_¢llh) to2.9(8F tMClth)) _ 34,80

Rosgen Stream Type

Cross-Section LongitudinalProfile

WS Thelweg Tflalweg Thedweg Posl_onof
Steldon Eleva_on BF Depth StalJon BFEJevatJoflBF Slopes Elevl_on V_SSlopes Elevation Slopes Depgl Messummem

1RL 5.85 0.00 -19.0 5.12 5.35 5.50 ifflte
2 5.90 0.05 - 14.5 535 1.70 5.70 2.59 tool
3 6.11 0.2E -7.0 5.43 036 5.70 0.00 5.20 1.941 riffle
4 6.05 Q.20 0.0 5.65 2.00 5.90 0.95 6.20 0.00
5 6.20 0.3.E 7.0 6.35 2.38 6.35 2.14 tool
6 6.05 0.2{ 11.0 6.50 1.25 5.50 1.25 6.75 1.67

7RR 5.85 0.(X
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Miller Creek Watemhed

Channel Pattern, Dimension, end Profile

Site # MS-3 Site Name/River Location P_l;l[u- C"t.

Drainage _;((,.r ¢._. Let ' Long

Team Po_ (a, _.- Date

Landscape Context

Watershed Area (sq. mL)

Valley Type

Cross-Section

No. cmls-xcb0n cells 5

BF _ (fl) 11.25
BF Mean Depth (fl) 0.43

BF Mean Ctou-Sectionel Area (=q ft) 4.88
BF V'_:I_:BF Mean Depth RaUo 25.92

Floodprofm Area V_dth (2X thah_eg) (_) 13.00
EnVenchment Ratio (Floodprone Area WIdlh_F Width) 1.16

BF Wetted Perimeter (P=2(BF Depth)+BF Width) 12.12

BF Hydraulic Radius (ReF=Bf Cross-Sectional Area/P) 0.40

Longitudinal Profile

Mean Water Surface Slope 2.49
Mean Bank'full Slope 1.80

Pattern

Valley Slope 2.07
Sinuosity (channel lenglNvelley length) 1.13

Belt W/mlh (ft) 22.20
Meander Width Ratio (Belt Width/Bank'full Width) 1.97
Meander Wavelength (1NL=10.g(BF Width)) 122.63

mm rn_

Meander Radius of CurVature (Rc=2.5{BF WKIth) to 2.9(BF Wide)) ,,_._8.13 32.63

Rosgen Stream Type _.C_.,)

Cross-Section Long_tud,naProfie

VVS VVS Slopes _ Thelweg Thalweg Posibon of
Stabon Elevation BF Depth Station BF Elevabor BF Slopes Eleva_ ElevalJon Stoc,es Depth Measummenl

1RL 7.65 O.00 0.O 7.6_ 7.85 8.32 Inffie2 7.85 0.20 7.0 7.95 i 1,43 8.05 0.95 8.40 0.38

3 7.85 0.20 11.0 8.1(3 1.25 8.3_ 2.08 8.55 1.25 riffle-tail
4 8.15 0.50 13.0 8.3(3 3.33 8.73 7.17 _ot

5 8.32 0.67 19.3 8.45 0.7_ 8.73 0.0_ ;'OO,_-Iail
6 8.25 0.60 22.1 8.75 3.87 8.95 2.62 9.05 1.50 riffle

7RR 7.65 0.00 26 8.80 0.43 9.20 2.14 _lllde
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Miller Creek Watershed

Channel Pattern, Dimension, and Profile

Site # MS-4 Site Name/River Location IV_;I (u" C"L

Drainage I_[;l|¢r C1.. Lat ' Long

Team /'o_ [P,-- t,,- Date

Landscape Context

WatefldledArea(sq.mi.)
ValleyType

Cross-Section

No. crm_ction (:ells 5
eF Wid_ 0_) 9.30
BF MeanDepth(It) 0.32
BF Mean _onal Area tsqfl) 2.ge
BF W_dth:BFMeanDepthR_do 29.06
FloodproneAreaV_dth(2X thatweg)(fl) 10.50
EntnmchmentRatio(FIoodproneAreaV_dth/BFWidth) 1.13
BF WettedPenrneter(P=2(BFOepth) �\�Width)9.94
BF HydraulicRedius(R.eF=BfCroslPSecbonalArea/P) 0.30

Longitudinal Profile
Mea_'tWaterSurfaceSlope 1,56
MeanBlmld_llSlope 1.63

Pattern

Valley Slope 2.07
Sinuosity(channellength/velleylength) 1.99
BeltWidth(n) 31.00
Meand_ Width Ratio(Bell _el_dUI/BankfullWicrfll) 3.33
MeanderWavelength(W1.=10.9{BFWRIth)) 101.37

nun max

MeanderRadiusof Curvature(Rc=2.5(BFWidUl)to 2.9(BFWidth)) _5 26.97

Rosgen StreamType

Cross-Section LongitudinalProfile

WS I Thalweg Thalweg ThlCweg Pol_n of
Station Elewztion BF Depth Station BFElevel_on BF Slopes! Elevation WS SlopesI Elevalton Slopes Depth ;Menummeni

1RL 5.85 O.OQ -35.0 3.65, 3.9C 4.12 ,rlf8e
2 6.10 0.25 -23.0 4.90: 3.47 5.02 3.19 542 3.61 riffle

3 6.10 0.25 -17.0 5.10 1.11_ 5.32! 1.5¢ ,4 6.25 0.40 -5.0 5 57 1.31 5.92 1.67 6.05 1.17 rlflk)
5 6.30 0.45 6.5 6.15 "1.681 6.42 1.45 )oot

6 6.10: 0.25 15.0 63C o.59J 6.42 0.0(] 7.20 1.92 _lliOe
7RR 5.85 0.00
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Miller Creek Pebble Count

phi •mm <= Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
-1 2 17 1 100 21.5 15.5 18.5

-1.5 3 1 0.5 1 0.5
-2 4 1 2,5 3 3

-2.5 6 4 2 7 5 4.5
-3 8 5 3 11 9 7.5

-3.5 11 6 2 9.5 7 11
-4 16 13 4 18.5 18 18.5

-4.5 23 16 7 12.5 15.5 11
-5 32 21 11 7 9.5 9.5

-5.5 45 8 16 3 13 5.5
-6 64 5 25 2.5 3.5 5

-6.5 91 4 13 1.5 1
-7 128 11 3 1

-7.5 181 1 3.5
-8 256 1

-8.5 362
-9 512

-9.5 724 1
-16 1024 1

Total i O0 I O0 I O0 1O0 1O0 I O(J
i

Diameter in mm
D95 59.71 123.64 1.97 59.71 43.41 76.11
D90 43.41 106.15 1.93 32 38.05 46.85
D84 33.36 88.03 1.89 23.75 32.45 32

D50(median) 17.51 47.18 1.68 10.48 13.55 12.47
D16 1.96 18.51 1.49 1.83 2.38 1.91
D10 1.73 12.38 1.46 1.66 1.77 1.71
D5 1.57 6.36 1.44 1.54 1.58 1.56

ii i i

Mean Diameter =
sum of D16 - 84 17.61 51.24 1.69 12.02 16.13 15.46

Standard
Deviation = D84 -

D16 / 2 15.7 34.76 0.2 10,96 15.04 15.05
iKurtosis * 0.704 -0.109 204.333 0.701 1.399 0.327

Skewness* -0.087 -0.323 -0.667 0.243 -0.466 0.189
Sorting

Coefficient 1.57 1.50 1.07 1.75 1.68 194
Geometric Mean

Diameter 10.82 47.84 1.71 10.45 10.16 12.06

Fredle Index 6.87 31.89 1.60 5.98 6.07 6.22

.85 mm 21.00 11.00 0.00 i 7.00 9.50 9.50!
• lnman 1952 (modified) J f I !

Parametrix, Inc.
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Miller Creek McNeil Analysis

McNeil Avera.aes
i

phi mm <= Site 2 Site 3 Site 4.1 Site 5 Site 6 Site 7
2.00 0.25 13.97 ' 4.58 '100.00 15.93 26.44 17,18
0.23 0.85 0.94 0.16 2.99 0.96 4.83
0.00 1 4.56 3.69 10.58 6.69 10.33
-1.00 2 4.76 6.:33 10.17 8.03 7.45
-2.00 4 9.82 8.81 19.16 9.18 13.81
-3.00 8 21.77 14.'T0 27.77 23.56 17.95

; -4.25 19 22.02 12.03 9.67 15.22 9.97
-4.98 31.5 17.38 35.28 3.11 9.91 15.91
-5.98 63 4.78 14.42 0.62 0.00 2.57
Total 100.00 100.00 100.00 100.00 100,00 100.00

Diameter in mm ' Site 2 Site 3 Site 4.1 site 5 site 6 site 7
i

D95 31.34 55.72 0.24 18.13 26.35 29.86
D90 28.44 49.52 0.24 15.14 18.9 26.72
D84 25.11 30.91 " 0.24 7.73 16.56 23.59
D75 18,13 28.44 0.23 6.92 13.45 15.14

D50(median) 7.31 18.9 0.21 3.41 3.81 3.66
D25 2.91 5.86 0.19 0.86 0.24 0.78
D16 0.77 2.97 0.19 0.61 0.22 0.24
D 10 0.23 1.5_4 0.18 0.22 0.2 0.22
D5 0.2 0.73 0.18 0.2 0.19 0.2

im

Mean Diameter =
sum of D16 - 84 18.08 29.03 0.35 6.51 11.43 14.47

Standard
Deviation = D84 -

D16 / 2 12.17 13.97 0.03 3.56 8.17 11.68

Kurtosis * 0.279 0.968 0.200 1.518 0.601 0.270

Skewness* 0.463 -0.140 0,200 0,213 0,561 0,707
I

Sorting
Coefficient 2.50 2.20 1.10 2.84 7.49 4.41

Geometric Mean
Diameter 4.40 9.58 0.21 2.17 1.91 2.38

Fredle Index 1.76 4.35 0.19 0.77 0.25 0.54
% Fines Below

.85 mm 13.97 4.58 100.00 15.93 26.44 17.18
ii

• lnman 1952 (modified)

Parametrix, Inc. averages
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CHANGES IN PEAT SOIL coNDITIONS AT THE VACCAFARM
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APPENDIX 0

CHANGES IN PEAT SOIL CONDITIONS AT THE VACCAFARM
MITIGATION AREA

This appendix maps changes to peat and organic muck soil conditions in the Vacca Farm
and Lora Lake area as a result of the excavation required to implement the mitigation.

The mapping was prepared from the planned grading and excavation plan, historical

maps of peat soils on the site, historical aerial photographs, hand borings, and other
observations.

Appendix 0 0-2 November 2001

Natural Resource Mitigation Plan 556-2912-001 (03)
Seattle-Tacoma International Airport- Master Plan Update
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APPENDIX P

FENCING PLAN FOR PROTECTING MITIGATION AREAS
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APPENDIXP

FENCING PLAN FOR PROTECTING MITIGATION AREAS

This appendix contains maps of each mitigation area and where fencing and signage will be
placed to mark the mitigation boundaries and protect them fi'om potential impacts (primarily
human intrusion, pet intrusion, and dumping of wastes). Fence types specified are based on
evaluation of protection needs and consideration of the security needs of Seattle-Tacoma
International Airport.

Appendix P P-I November 2001

Natural Resource Mitigation Plan 556- 2912-001 (03)
Seattle-Tacoma International Airport- Master Plan Update
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AVOIDANCEOF WETLAND IMPACTS
TEMPORARYSTORMWATERPOND A

THIRD RUNWAYSEA-TAC

SUMMARY

The design and construction of Temporary Stormwater Pond A at the Sea-Tac
Third Runway project has been analyzed to avoid potential effects on

groundwater flow and wetland hydrology. Thisreport examines the

and geotechnical issuesrelated to design,construction, andhydrogeologic
operation of Pond A. Potential impacts to the hydrology of riparianwetlands
between Pond A and Miller Creek can be mitigated through appropriate

engineering design.

i Pond A will be excavated about 6 to 10 feet in wetland soils, and would have an
operating water level roughly 0 to 10 feet below the current water table in the
wetlands. A sheet pile wall has been includedin the design that isolatesthe

from the water table and wetland hydrology. This wall willpond surrounding
"_ prevent Pond A from acting asa hydraulic sink and potentially altering the

hydrology of adjacent wetlands.

To prevent the proposedsheet pile wall from disruptingthe natural groundwater
r flow to the wetlands, a gravel-filledtrench is planned to convey groundwater

_ flow around the sheet pile wall and allow it to re-infiltrate on the downgradient
side of Pond A. Thiswill help to maintain groundwater levels on the western

side of the sheet pile wall and thus avoid temporary impacts to the wetlands.

INTRODUCTION

This report addressesengineering and hydrogeologic issuesrelated to the designand constructionof temporary Stormwater Pond A at the Sea-TacThird Runway
pro_ect. Figure 1 shows a site plan including location of existingsubsurface

explorationsand elevation contours for the shallow groundwater.

...... Constructionof Pond A is planned to occur at the toe of the Third Runway

embankment, near the West MSE Wall. The location iswithin riparian wetlands
adjacent to Miller Creek. This report explainsthe engineering designfor the

_i pond and how this design is to avoid impacts to the hydrology of the adjacent
._ wetland.

HartCro_ Page 14978-06June18,2001

AR 029916



---. The purpose of Pond A is temporary collection of storrnwater during part of the
embankment construction, and isanticipated to be in service for one to two

_i! years. During wet weather, a low water level would be maintained near the

bottom of Pond A by pumping to provide storage of runoff from storm events.
.... During the summer months, the pond would fill with groundwater seepage, to

_"_ avoid costof pumping.

If the pond were constructed without the sheet pile wall, calculations suggest
that the rate of seepage into the pond would be low (lessthan 5 gpm). Since
this could be enough to lower the water table locally and potentially alter the

of the wetland, the Port has developed plansto avoid impacting thehydrology
wetland hydrology as describedherein. The proposedpond design and

r-,, mitigation includes the following elements:

• Stockpiling native wetland soil for use in restoring temporary wetland
impacts.

• Installation of a continuous ringof sheet piles to form a cutoff wall around

the pond to limit seepage into the pond. The sheet pile wall would be
LJ driven into the top of very dense silty sand soils below the surficialsoils,

F_. effectively cutting off seepage of groundwater into the pond.

• Installation of a gravel-filledtrench (similarto a "French drain") around the
" outside of the sheet pile wall to maintain existing groundwater flow and

" avoid potential lowering of water levels on the immediate downgradient side
of the pond.

L • Monitoring wetland vegetation adjacent to the pond during construction and
,..,. pond operation to verify no lossof wetland functions and/or to enable
I _ supplemental mitigation, if needed.
L_

7"i • Removal of the temporary sheet pile wall and French drain after construction
_,.__ in the area is complete, backfilling with native soil, and revegetation to

restore pre-construction conditions (seeSection 5.2.4 of the Natural
tm ResourcesMitigation Plan; Parametrix 2000). Backfillwould consist of soil

' types similar to those excavated; compaction would be avoided to enhance

_. revegetation and to restore pre-construction seepage conditions.

The following sections of this report provide a summary of subsurface

conditions, followed by a detailed description of the proposed design and
• mitigation. Figure 1 shows a site plan and existing shallow groundwater

contours. Figure2 showsa general geologic crosssection through the pond.
Figure 3 shows a detailed layout of temporary Pond A including a sheet pile wall

• Hart Crowser Page 2
4978-06 June 18, 2001
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D
and Frenchdrain around the perimeter. Figure4 showsa crosssection through

the sheet pile wall and Frenchdrain.

Appendix A presents logs of soilborings at Pond A; Appendix B discusses
hydrogeologic modeling used to verify effectivenessof the proposed French

'_ drain in maintaining shallowgroundwater movement to the downslope wetland;
and Appendix C describesgeotechnical analysisof the sheet pile.

SUMMARY OF SUBSURFACE CONDITIONS

Subsurfaceconditions in the vicinity of Pond A generally consistof 5 to 15 feet

of soft or loose soilsoverlyingvery denseglacial till. The soft surficialsoils

consist of interbedded silty to very siltysand, peat and slightlysandy silt. Below
these soils,the boringsencountered silty, slightly gravelly to gravelly sand (glacial

till). Logs of borings in the area of Pond A are presented in Appendix A. Figure
ii
_ 2 presents a generalized crosssectionthrough the long axis of the proposed

Pond A.

c_J The proposed bottom of pond elevation is 220 feet (existing ground surface
elevations between about 226 to 230 feet). Groundwater levels vary seasonally

....._ between about 224 to 230 feet (Table 1).

_-: Groundwater in the area of Pond A is within a few feet of the ground surface
_ throughout the year. The groundwater level varies seasonally up to about 2-1/2

feet, as indicated by measurements in observation wells HC99-B38 and HC99-
_ B39 from March of 1999 through January2001 (Table 1).

.

i i PROTECTION OF WETLANDS

Given the potential for Pond A to alter wetland hydrology, alternative methods
for protecting the wetland were considered. These included modifications to

the operating regime for Pond A with operation restricted during the summer to
prevent any potential for wetland impacts at this time. A design that

_ hydraulically isolates Pond A was also developed and the effect of this isolation

-_- on the hydrology of the neighboring wetlands was analyzed using a simplified
groundwater flow model (Appendix B).

The sheet pile wall will completely encirclePond A, forming a hydraulic barrier

._ from groundwater in the surficialsoils surroundingthe pond (Figure 3). Seepage

below the sheet pilesis anticipated to be negligible, due to the low hydraulic
i conductivity of the very dense siltysand (glacial till) and limited differential head

Hart Crowser Page 3

_j 4978-06 June 18, 2001
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L_ between the bottom of the pond and groundwater level outside the pond.

Details of the sheet pile wall designare presented in Appendix C.

Although the sheet pile wall will provide hydraulic isolation of Pond A from the
,,-_ surrounding wetland, a potential effect of the wall could be a disruptionof the

i i natural pattern of shallow groundwater movement in the subsoilsdownslope of
the wall. To prevent disruption of groundwater flow, the design alsoincludesa

_'! gravel-filled trench, constructed as a French drain encircling the sheet pile wall.
W This French drainwill convey groundwater flow around the "obstruction"

created by the pond.

A numerical groundwater flow model was used to assessthe potential for

changes in groundwater levels and flows as a resultof the sheet pile wall, and totest alternatives measuresfor mitigating these effects(Appendix B). Worst case

simulations suggestedthat without the French drain system,groundwater levels

could potentially be reduced by 1 to 2 feet on the downgradient side of the
sheet pile wall in the zone between Pond A and Miller Creek. The Frenchdrain

is designed to avoid this potential impact.
R
L"_ Groundwater flow would be maintained around the sheetpile wall by

,= conventional French drain consisting of a gravel-filledtrench with a perforated
: drain pipe located within the gravel. The gravel-filledtrench provides for

relatively uniform seepageinto the Frenchdrain and from the French drain into
the adjacent undisturbedsoil. The pipe enableseffective transmissionof water

_ around the sheet piled area with relatively little lossof head. A geotextile filter
fabric around the gravel will prevent migration of fine soil particles and potential

_ clogging that might otherwise diminish effectivenessover the one to two year
operating life of the system. Dimensions and detailsof the system are shown on

_,, Figure 4.

The trench will collect shallow groundwater on the upstream (eastern) side of
_. Pond A, and convey it to the soilson the downstream (western) side of the

,_, pond. Flow can occur around both the southern and northern ends of the pond.
Groundwater that seeps into the upgradient side of the drain will be available to

"" re-infiltrate back into the shallow soils on the western side of Pond A, thus

maintaining groundwater levels in the wetland.

The rate of flow into and out of the trench will be limited by the hydraulic

conductivity of the native soils. Accordingly the drain would not lower water
• • tables in upgradient soils.

......_ Hart Crowser Page 4
4978-06 June 18, 2001
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_- USE OF THIS REPORT

Thisreportwaspreparedforthe Portof Seattleforthe siteand facilitydescribed
herein. We completed this work in accordance with conventionally accepted
geotechnicalengineeringpracticesfor the natureandconditionsof work
conductedin thesameorsimilarlocalitiesat the time the workwasperformed.

Hart Crowserwouldbepleasedto addressanyquestionson thisreport.

REFERENCES

Parametrix2000. "FinalNaturalResource Mitigation Plan,Master Plan Update

..... Improvements,Seattle-TacomaInternationalAirport."

F:\Docs_Jobs\497806\PondAReportRev2.doc
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E.j

L. Table I - Observed Groundwater Levels in Monitoring Wells near Pond A

Monitoring Well: Hcg9-B38 HC99-B39Depth* Elevatior Depth* Elevatior
inFeet in Feet inFeet in Feet

i _ MeasuringPoint ! 0.00 230.88 0.00 230.80
L._ GroundLevel* 3.3 227.6 -0.3 231.1

Top of Screen* 12.3 218.6 4.7 226.1
Bottomof Screen* 22.3 208.6 14.7 216.1

Date: 3/8/1999 4.40 226.48 0.69 230.11

3110/1999- 4/5/1999 4.41 226.47 0.74 230.06
51411999 4.60 226.28 0.86 229.94

r_ 5/1511999

L_ 6/14/1999 5.90 224.98 1.68 229.12
7/13/1999 5.93 224.95 2.05 228.75

8/13/1999 6.08 224.80 2.18 228.62
! - 9/14/1999 6.48 224.40 2.51 228.29

10/13/1999 5.98 224.90 2.09 228.71
11/11/1999 4.25 226.63 2.90 227.90
12/9/1999 4.38 226.50 0.27 230.53

EJ
1/13/2000 4.35 226.53 0.54 230.26

_-_, 2/14/2000 4.33 226.55 0.59 230.21
3/9/2000 4.43 226.45 0.61 230.19

" 4/11/2000 4.60 226.28 0.88 229.92

_ 5/10/2000 4.32 226.56 0.88 229.92
i _ 6/19/2000 4.91 225.97 1.15 229.65
..... 7/10/2000 5.72 225.16 1.61 229.19

10/10/2000 5.99 224.89 2.17 228.63
!_ 1/22/2001 4.42 226.46 0.79 230.01
L_ 5/4/2001 4.58 226.30 1.05 229.75

_- Depth*Alldepthsare belowmeasuringpoint(NOT belowthe groundsurface)
Blankindicatesdata notavailable.

HartCrowser
497806/PondAReport.xls
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• APPENDIX A
SUBSURFACE EXPLORATIONS
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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.

_: Sol] descriptions consist of the following:

Density/consistency, moisture, color, minor constituents, MAJOR CONSTITUENT, additional remarks.

Density/Consistency
Soil density/consistency in borings is related primarily to the Standard Penetration Resistance.

.... Soil density/conslstency in test pits is estimated based on visual observation and is presented parenthetically on the test pit logs.
Standard Stondorcl A_)aroximote

SAND or GRAVEL Penetration SILT or CLAY Penetration Shear
ResEstance (N) Resistance (N) Strength

Density in B_ows/Foot Consistency in Blows/Foot in TSF

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.O - 2.0

Hard >30 >2.0

,_- Moisture Minor Constituents Estimated Percentage

_ , Dry Little perceptible moisture Not identified in Oescription 0- :5

Damp Some perceptible moisture, probably below optimum Slightly (clayey, silty, etc.) 5 - 12

_7" 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 CS Grain SizeC_assificotion
CN Consolidation

BORING SAMPLES
UU Unconsolidated Undrained Triaxial

, . [] Split Spoon
CU Consolidated Undrained Triaxiol

] Shelby Tube CD Consolidated Drained Trioxiol

mT] Cuttings QU Unconfined Compression

IT] Core Run DS Direct Shear

K Permeability
' _ No Sample Recovery

; _ PP Pocket Penetrometer
•" P Tube Pushed, Not Driven Approximate Compressive Strength in TSF

TEST PIT SAMPLES TV Torvane

"_ [] Grad (Jar) Approximate Shear Strength in TSF
CBR California Bearing Ratio

_ [] Bag MD Moisture Density Relationship

_'" [] Shelby Tube AL Atterberg Limits

I z : Water Content in Percent

Groundwater Observations l I _- Naturo,L_Q_aLi_t

I I l Plastic Limit

- Surface Seal

PiP Photoionizotion Detector Reading

Bentonite CA Chemical Anolysls

DT In S/tuDensity Test

Groundwater Level on Date or

...... _ ATD " at Time of Drilling (ATD)

_Tj-- Weft Screen

Sand Pock _"_0 II_l_J _
_" Native Materia_
<

7 (_)- Groundwater Seepage (Test Pits) J-4978-06 6101- Figure A-1
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Boring Log HC99-B38
N 18,011.99, E 10,819.39

STANDARD PENETRATION LAB

RESISTANCE TESTS

,_ Soil Descriptions Depth Scruple Blows per Foal._i in Feet •
Ground Surface Elevation in Feet: 227.58 2 5 10 20 50 100

_" "O

(Loose), moist, brown, silty SAND• . G-1 i •

: Medium dense, moist, gray, very silty . S-1 " P
L.; SAND. . -

Stiff, moist, dark brown, sandy PEAT "5 "=
....., with occaslonal wood debris. . .

Soft. moist, gray, slightly sandy SILT -10
_ with occasional wood debris. . S-3 . , I I

Very dense, moist to wet, gray, slightly -15 "
! _ gravelly, silty SAND. S-4 • GS

r_ -20 S-5
Bottom of Boring ot 20.3 Feet.

_._ Completed 2/22/99.

25

30

35

4O

....' 45

= I
" i

, - [5O i

e"_ - I

- I

55 : _
i

" i, i

60 1 2 5 10 20 50 t00
• Water Content in Percent

e

5 !
1. Refer to F';gure A-1 for explanation of descriptions

_ oddsymbo,s HaR/t_OWSF.R
. _, 2. So;I descriptions and stratum lines are ;nterpreUve
._ _/ and actual changes may be gradual.

_ 3. Groundwater level, if indicated, is at time of drilling J-4978-O0 8/01
=__ (ATD) or for dote specified. Level may vary with time. Figure A-2
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Boring Log HC99-B39

N 18,174.14, E 10,722.31
STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions Depth Sample
Ground Surface Elevation in Feet: 231.10 in Feet • Blows per Foot2 10 20 .50 100

-o -__ i

6 inches of TOPSOIL over very loose, .
_-"_ moist, Drown and gray, slightly gravelly, (;-1 _ D I

silty SAND. S-I - i I i

....... Soft, moist, brown PEAT• .'5 - I _ I

ATDI _-4_ -GS

Medium dense to very dense, moist, -3-2 - ip_
grey, s;Ny, fine SAND. _ I kk

8-inch layer of silty CLAY.
;-3 @

r-- -. - 15 ;-4 50/4
Very dense, moist, grey, silty, gravelly/ --'_ SAND. "....-- !"
Bottom of Boring at 15.8 Feet. ,-
Completed 2//I 6//99.

; : 20 Ii

I-
25 I_I

il ,
• i

3O !

I

...... 35

_ 40

;.

45

50

55

" _ 60 1 2 10 20 50 100
_" • Water Content in Percent

z

.=":=@ 1. Referondsymbols.t°Figure A-1 for explonotion of descriptions _O_,_
2. Soll descriptions onci stratum lines ore interpretive5 /

=_ _ end actual changes moy be groduol.

_.o J-4978-06 6101_. .3. GrounOwoter level, if indicoted, is at time of drilling

, z i=_ (ATD) or for dote specified. Level may very with time• Figure A-3
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Hand-Auger Log HCOO-A300 N 18238-i E 10762
--_ Sample Water Depth SOIL DESCRIPTIONS

Content ;n Feet Ground Surface Devotion in Feet: 228

F_ S-1 I[_ 33 O (Loose to meclium dense), wet, dark brown, silty SAND with
_ S-2 27 _ orgonlc moterlof,

LJ _, 2 (Medium dense), wet, grey, silty SAND with trace organic

.3 _ moterlol.
..... (Medium stiff to stiff), wet, gray, clayey, sandy StLT with

S-3 33 4 trace organic material.
L) 5

6 Bottom of Hand--Auger at 4.0 Feet

....7 7 Completed 5/12/00.

B
9 Seepage noted @ 1.0'

FI _o
11-_J
_2-

_,. 13-
14-

!
...... 15-[

17-

_ T8-

19-

F_ 20

Hand-Auger Log HCOO-A301 N 18127
Sample Water Depth SOIL DESCRIPTIONS E 10798

Content in Feet Ground Surface Elevation in Feet: 229

S-1 _ 47 0 (Loose to medium dense), moist to wet, dark brown, very

• . S-2 i 21 1 _ gravelly, silty SAND with abundant organic material.

(_ 2 (Loose to medium dense), wet, brown to gray, silty SAND with
.....7 ,.3 trace organic material.

S-3 19 4
....... S-4 28 (Medium stiff to stiff), wet, gray, slightly clayey, sandy SiLT with

S-5 28 5 trace organic moterlol

6 Bottom of Hand-Auger at .5.5 Feet
...... 7 Completed 5/12/00.

..... S

9

?.... Seepage noted @ 1.5'10

11

12-

13-

14-

15-

16-

17-

18

: =o=
20

_ _. Refer to Figure A-1 for explar_afion Of descriptions lll,mlll_am_i-_ulju, u.w_
,c and symbols. rluiMt; uliuly-j_=ll[8_

# _ 2. Sell descriptions and Stratum lines ore interpretive
and actual changes may be gradual. J-4978-08 6/01

z _= 3. Groundwater conditions, if indicated, ore at the time -,=,,-=n""re A-4
_i F= _= of excavation. Conditions may vary with time•
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L. APPENDIX B
GROUNDWATER SEEPAGE ANALYSIS

-- This appendix describes the groundwater seepage analysis that was performed

-4 to examine the potential hydrologic effect of Pond A on groundwater. The

.... analysis was also used to design sheet pile wall and a gravel-filled trench (French
drain) that mitigates the potential hydrologic effect of the pond.

Approach

!_!_, The approach taken to assess the effect of the sheet pile wall and the French

L,. drain on the groundwater flow regime was to prepare a simplified groundwater

_- flow model, using a MODFLOW computer model based on observations of

_!: groundwater levels in nearby monitoring wells. The model showed the

generalized effect of the sheet pile wall as a blockage to the pre-construction

groundwater flow pattern in the area.

The model simulates changes in groundwater flowpaths, as well as the

_ mounding effect on the upstream side of the sheet piles, and 'the corresponding

..... reduction in groundwater levels on the downstream side of the sheet piles.

Simulation of the French drain with the same model shows how it will collect

water that mounds on the upstream side, and conduct it around to the

• downstream side of the sheet piles. On the downstream side, seepage

re-infiltrates into the shallow soils so as to maintain groundwater levels in the

wetland. The re-infiltration of groundwater is considered important to sustain

the hydrologic regime of the riparian wetland adjacent to Miller Creek.

i

_ ' Model Setup

i : A numerical groundwater flow model was used to assess the likelihood for

....... changes in groundwater levels and flows due to the proposed sheet pile wall

.....• around Pond A, and to test alternatives measures for mitigating these effects•

....._ The model was created using the USGS MODFLOW code (McDonald and

Harbaugh 1988) with the Visual MODFLOW pre- and post-processor (Waterloo

Hydrogeologic 2000). MODFLOW is a block-centered finite difference code

" capable of simulating steady-state and transient groundwater flow in a range of

• , aquifer types and configurations.

The model was set up to provide a simplified representation of the shallow

groundwater flow system in the vicinity of Pond A. The mcdel represents a

numerical approximation to the general pattern of groundwater flow, for the

purpose of demonstrating cause and effect of the proposed sheet piling and

French drain relative to an assumed base condition. This approach is valid for

• HartCrowser Page B-1
4978-06June18,2001
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the mitigation design since, usinga consistent set of groundwater and soil

parameters in the model, it focuseson the changes to groundwater flow caused
!i by the proposed construction and shows how these impacts are avoided by the! I

_'= proposed mitigation.

, , The model domain isshown on Figure B-1and encompassesan area extending
from north of South 166th Street, to Detention Pond G in the south,with

• Detention Pond A located approximately in the center. The lateral extent

covered by the model is the area west of the existing airfield, bounded on the
west side by Miller Creek.

t
The model was configured with itstop surface defined by the existing

,__ topography, and itsbase defined as the top of the glacial till (very dense silty

_ sand) underlying the site, as determined from geotechnical borings conducted in
the area. Shallow groundwater flow occursin the surficialsoils based on

"-= observation of seepagein test pits and inferred from water level measurements

_,._ in monitoring wells nearby. Groundwater flow conditions in the area are well

documented because of various exploratory borings and monitoring wells
observations for the Third Runway. Data sources are listed at the end of this

.....! appendix.

The MODFLOW model was constructed with two layers to represent the

construction of a gravel-filled trench surrounding the sheet piles. The upper
layer of the model consisted of a 3-foot-thick layer that mimics the surface
topography. The lower layer represents the remainder of the shallow surficial
soils (above the glacial till) that varies in thickness from about 3 to 10 feet across

the area of the model. The horizontal area of the aquifer to be modeled was

_.' discretized into a rectangular grid with a cell size of 10 feet by 13 feet covering
the area of interest (FigureB-l).

.... Aquifer Material

, The aquifer parameters listed below were assigned to both layers with the

exception of the ring of cells representing the drainage layer in the upper layer.
_'" The silty sands and other deposits above the glacial till were represented as

general aquifer material with the following uniform properties:

• Hydraulic conductivity: 8.2 x 10s fps

No attempt was made to represent the likely spatialvariation in aquifer
properties within the sufficialsoilsaround Pond A.

Hart Crowser -_Da"e B-2
4978-06 June 18, 2001
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Drainage Layer Material

;i:'_ The French drain used to maintain groundwater levels around the outside of the

sheet piles was represented in the model with a more permeable material typical

of a non-silty free-draining gravel:

• Hydraulic conductivity: 6.6 x 10 .3fps

_ Boundary Conditions

!..... Constant-head boundaries were established along the eastern edge of the model

_-.c to represent existing groundwater flow derived from the east. The elevation of

i the applied head was adjusted along the boundary to simulate the approximate

variation in groundwater levels observed at the site. The west side of the
modeled domain was represented by a series of river nodes to simulate the

"_ course of Miller Creek.

The northern and southern sides of the model were simulated as no-flow

boundaries representative of groundwater streamlines in the aquifer, with

...... groundwater flow in the body of the model occurring parallel to these sides.

The lateral boundaries of the model were established a sufficient distance from

Pond A (with the exception of Miller Creek) such that small changes in the

boundaries would not strongly affect the groundwater flow pattern in the area of

Pond A. The dense glacial till soils underlying the modeled area are assumed to

• ! be relatively low in permeability such that flow through the till is small in

comparison to flow in the shallow soils, and can be ignored.

_:_ Recharge was applied uniformly over the entire area of the model to help

simulate the general shape of the observed water table at the site.

_..... Calibration

i, _ The model was calibrated in a general sense to two sets of water levels

representative of the range observed in site monitoring wells (Table 1): an

average winter high-water level and an average late_ummer low-water level

were used to define conditions for two separate model scenarios. Different

water levels were achieved by varying the areal groundwater recharge value

applied in the model from 16 to 10 in/yr.

HartCrowser Page B-34978-06June18,2001
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_._ Monitoring Points

_i_ Two virtual observation wells were assigned within the model to track simulated

- water levels at specific locations: one upgradient and one downgradient of Pond

_, A.

Assumptions

Listed below are the assumptions associated with the construction and use of

this groundwater model:
(,-!

.... • Groundwater flow in the shallow aquifer is unconfined and modeled as

..... steady-state;

.... • The underlying till/dense silty sands have lower permeability such thatL.,,
groundwater flow through these layers can be neglected;

_' • Aquifer materials are homogeneous and isotropic;

...., • Recharge to the groundwater is uniform over the model domain;
• Miller Creek is treated as a fixed-head river boundary defined by streambed

!_ elevation interpolated from topographic map coverage;

' • Groundwater discharges to Miller Creek as baseflow;

• The area west of Miller Creek is ignored (inactive) in the model;

• Wetland function is not modeled explicitly but represented by groundwater

levels at or close to ground surface; and

• Evapotranspiration from shallow groundwater table and/or wet surface soils
is not modeled.

...... Results

The following results were obtained from steady-state solutions of the

groundwater model described above for two different water level regimes.

...._ Simulated Winter Water Levels

Three steady-state solutions were analyzed for determining the effect of the

..... sheet pile wall on the shallow groundwater flow system in winter conditions.

The resulting groundwater head distributions and streamflow lines are shown in

the following figures:

• • Figure B-2 - Existing Winter Conditions

• Figure B-3 - Pond A with Sheet Piles

• Figure B-4- Pond A with Sheet Piles and Diversion Drain

HartCrowser Page B-4
4978-06June18,2001
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Comparison of predicted water levels for the above scenarios show a rise in

groundwater levels upgradient of Pond A and decreased groundwater levels
! downgradient of Pond A when only the sheet piles surround Pond A. Upon

adding a groundwater diversion drain around the perimeter of Pond A, the

_-_ groundwater levels return to pre_onstruction elevations, thus demonstrating no
..... effect to the method.

....._ Simulated Later Summer Water Levels

r___ Two steady-state solutions were analyzed for determining the effect of the sheet
_'_ pile wall on the shallow groundwater flow system in late summer conditions.

...... The resulting groundwater head distributionsand streamflow linesare shown in

....._ the following figures:

• Figure B-5- Existing Conditions
_ • Figure B-6 - Pond A with Sheet Piles and Diversion Drain

Comparison of predicted water levels for the above scenarios show the

groundwater levels at pre-construction elevations, thus demonstrating no effect
...... to the Wetland.

Data Sources for Appendix B

FAA 1995. DRAFT Environmental Impact Statement for Proposed Master Plan
Update Development Actions at Seattle-Tacoma international Airport. US

Department of Transportation, Federal Aviation Administration, April 1995.

"_; Hart Crowser 1999, Subsurface Conditions Data Report, 404 Permit Support,

,_ Third Runway Embankment, Sea-TacInternational Airport, SeaTac,Washington,
! _ July 1999.

_! Hart Crowser 2000. DRAFT Subsurface Conditions Data Report, West MSE
.. Wall, Third Runway Embankment, Sea-Tac International Airport, SeaTac,

Washington, June 2000.

Hart Crowser 2000. DRAFT Subsurface Conditions Data Report, Additional

Field Explorations and Advanced Testing, Third Runway Embankment, Sea-Tac
international Airport, August 2000.

Hart Crowser 2001. Appendix C, DRAFT Geotechnical Engineering Analyses
and Recommendations, Third Runway Embankment, Seattle-Tacoma
International Airport, SeaTac, WA

._, Hart Crowser Page B-54978-06 June18, 2001
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Pacific Groundwater Group 2000. "Sea-Tac Runway Fill Hydrologic Studies

Report", June 19, 2000.
F;
L-,: F:\Docs_jobs\497806\PondAReportRev2.doc
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Groundwater Modeling Area
Pond A

,f
Note: Box mira prepored from o¢ow4_q prowae0 by HNTB enbtlecJ

_ pit= _l i ii I "X_TOP0040i.O.9", ..... , ...... 5.200 ...................

/
prw_e_ from _owin 9 prodded by Por_etri= e_tit_e_. ]

"w_O2220I,_wg'. datld FWoru_y 22, 2001

& I I Extent of Model Areo iV

I I (Groundwater Flow 0 300 600 i

I I I Simuloted in , i /L ___ J Unshoded Portion) Scale in Feet

AR 029938



AR 029939



"" X J-4978-06 8/01
r,_ l,LI Figure B-6

AR 029940



I

_0_
J-4978-08 6101

...... _ r_ Q. Figure B-4

AR 029941



AR 029942



., APPENDIX C
SHEET PILE DESIGN AND CONSTRUCTION

Hart Crowser
4978-06 June 18, 2001

AR 029943



.... APPENDIX C
SHEET PILE DESIGN AND CONSTRUCTION

L....
The proposed sheet piles around Pond A were designed to fulfill three functions:

a. Cut-off shallow groundwater so that seepage into the pond does not remove

shallow groundwater from the adjacent wetland;

_,, b. Protect adjacent wetlands from potential excavation-induced impacts such as

slope failure and sloughing of loose/soft soil during excavation of the pond);

and
i
k,_.,

.... c. Provide long-term static stability for pond constructed within a soil profile of

loose and soft soils above glacial till.

_' Design

Sheet pile design to address the functional requirements noted above was based

_ on soil and groundwater conditions encountered in local borings (see Appendix

A). For design, we assumed water level in the pond varied from completely full

to completely empty, or about 226 to 220 feet in elevation. We assumed

groundwater coincides with ground surface on the upslope side of the sheet pile

walls due to the anticipated effects of the perimeter drainage trench.

Table C-1 provides the soil parameters used in our slope stability and

force/moment calculation. These analyses are discussed further below.

.... Earth Pressure Diagrams

Soil strength parameters were used to develop earth pressure diagrams for the
" embedded portion of the sheet pile. The diagrams enable a structural engineer

...... to calculate the required sheet pile section modulus.

We assumed the sheet pile "cell" around the pond should be designed as a

cantilever wall without anchorage. Active earth pressures acting on the piles

located east of Pond A typically should include a surcharge pressure equal to the

.. weight of an additional 2 feet of soil, to account for increased loads where the

access road is located adjacent to the sheet pile wall. Passive earth pressures

• were factored to account for the loss of support due to the pond excavation.

Our analysis of sliding and overturning discussed below indicates the passive

resistance sufficient to achieve target factors of safety depends on embedment,

therefore design may need to be reviewed and/or modified in the event

• HartCrowser Page C-1
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_ minimum embedment is not obtained due to variations in elevation of the glacial

till. However, since the till is relatively impermeable and much stronger than the

_:_ surficial soils, reduced penetration of piles due to shallow glacial till is not

_-_ anticipated to result in any reduction in slope factors of safety.

• Our analysis of the stability of the sheet pile wall and pond slopes consisted of

two separate analyses: limit equilibrium analysis using the program Slope/W to

"-_ analyze global slope stability (i.e., potential for failure below sheet piles) and b)

force/moment equilibrium calculations to check factors of safety against sliding

and rotation.

Slope Stability Analysis

i We used Slope/W with Spencer's method for limit equilibrium analysis to

_::_ calculate factors of safety for circular and wedge-type failure surfaces passing

below the sheet pile wall. We analyzed the following conditions:

• Steady state (pond full) including the effect of soil buoyancy;

r! • Steady state (pond empty) without the effect of buoyancy; and

:,- • Rapid drawdown (pond empty) including the effect of pore pressures.

Minimum target factors of safety were 1.5 for steady state conditions and 1.1 for

rapid drawdown, consistent with normal geotechnical engineering practice for

this area.

Factors of safety met target criteria provided sheet pile can be embedded at

least 8 feet (to the top of the very dense glacial till) on the north side of the

L_ pond, with the case of rapid drawdown of the pond level being most critical.

Embedment was critical for stability.

Force and Moment Equilibrium

i Analyses were completed to verify that adequate factors of safety were achieved

for both force and moment equilibrium, for resistance to sliding (or translation)

and rotation. Target factors of safety were achieved for both steady state (pond

full, buoyant conditions) and rapid drawdown conditions. By inspection we

concluded that the steady state (pond empty) condition was less critical than the
other two cases.

Erosion and Sloughing

Hart Crowser used the weighted creep method of analysis to assess potential for

piping below the bottom of the sheet piles through fine to medium sand and silt

HartCrowser Page C-2
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,_.i soils. Results indicate mitigation is needed. Also, considering the soft and loose
to medium dense soils that will be exposed in the 2H:IV pond side slopes, we

_ expect that the slopes of the pond may undergo sloughing related to water level
• fluctuations during normal pond operations.

Recommended mitigation consistsof driving the sheet pilesto refusal in the

.... underlying glacial till and lining the pond with a geotextile separation fabric and
..... minimum 1 foot thicknessof quarry spalls.

Construction

i
L. Hart Crowser makes the following recommendations for construction:

• Install the perimeter French drain entirely around the proposed pond prior to
..... any sheet pile installation. This will assureadequate accessfor construction
_, on the west side of the pond without any wetland encroachment and avoid

....... any interruption of groundwater seepage as the sheet piles are installed.

• Install sheet piles on the west, north, and south sides of the pond (i.e., the
• sidesclosestto Miller Creek) prior to excavation. Thiswill enable the piles

to protect the creek in the event there isany excavation sloughing during

pond construction.

• Drive piles to refusal in the top of the glacial till soils. The Port's contract
documents should state that "jetting" shallnot be usedto aid driving.

........ • Prior to construction, the Contractor should provide the Port with a submittal

i..... that describespile driving equipment and sequence of construction. During
construction, the Port shouldverify that minimum embedment criteria are
met.

, F:\docs_jobs\497806\PondAReportRev2.doc
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Table C-1 - Soil Parameters Used in Design

i

[ Soil Type Moist Drained Strength Undrained
_ Unit Strength

Weight c' _' c _b

in pcf in psf in deg. in psf , in deg.
Loose to Medium Dense 125 0 32

Sand

L Medium Dense to Dense 130 0 35

Sand

F Dense to Very Dense Silty 135 250 40

L. Sand (Glacial Till)

Soft Peat or Organic Silt 90 0 15 300 0

• Soft to Stiff Silt/Clay 115 0 30 1000 0

F:\docs_jobs\497806\PondAReportRev2.doc
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