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18 C. Linn Gould declares under penalty of perjury as follows:

19 1. I am over the age of 18, am competent to testify, and have personal knowledge of the

20 facts stated herein.

21 2. I am a Risk Assessor and soil scientist by training, having received my BA in geology

22 and an MS in soil science. I have additional post-graduate training in risk assessment, toxicology, and

23 wetland evaluation. For the past 10 years I have been focusing my expertise on the application of the

24 Model Toxics Control Act ("MTCA"), RCW 70.105D, to contaminated sites. I recently participated

25 in the MTCA Policy Advisory Committee process, which prioritized risk assessment in the

26 development of the new MTCA regulations. More specifically, I was technical project manager and

27 facilitator for the Department of Ecology and other Washington State stakeholders in the development

28 of a new risk-based strategy for Total Petroleum Hydrocarbons ("TPH") remediation in Washington
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1 State, which is now a part of the newly issued MTCA regulation (August, 2001). Insuring

2 protection of water quality has been a routine aspect of all risk assessment projects that I have been

3 involved in. A copy of my curriculum vitae is attached as Exhibit A.

4 3. Since 1993 I have worked for the Port of Seattle as a risk assessment specialist and

5 project manager, primarily focusing on the remediation of contaminated sites. Since January, 2001,

6 my work for the Port has concentrated on Third Runway issues, principally a risk analysis of the

7 potential for imported fill to impact aquatic and other receptors and the subsequent strategy and

8 generation of appropriate fill criteria for the embankment.

9 4. The amended Third Runway 401 Certification issued on September 21, 2001 (the "401

10 Certification"), sets out standards for fill to be used in construction of the Third Runway

11 embankment. As described below, these criteria are based on a number of highly protective standards

12 and conservative assumptions that are designed to ensure that aquatic life in associated surface

13 waters--the most sensitive receptors as designated by exposure pathway analysis--are not adversely

14 impacted. It is my professional opinion that fill meeting the 401 Certification's criteria will not

15 adversely affect aquatic life or result in violations of water quality standards in the wetlands or

16 streams near the Third Runway embankment.

17 5. The 401 Certification governs fill in a number of ways. First, it prohibits the use of fill

18 that "consists in whole or in part of soils or materials that are determined to be contaminated

19 following a Phase I or Phase II site assessment." See 401 Certification at §E(1)(d). Second, it

20 prohibits the use in fill of soils that have been "treated in some manner so to be considered re-

21 mediated soils or fill material." Id. Third, fill sources are limited to (a) State-certified borrow pits, (b)

22 contractor-certified construction sites, and (c) Port of Seattle-owned properties. See 401 Certification

23 at §E(1)(c). Fourth, for fill that meets these first three conditions, numeric criteria for fourteen (14)

24 metals and total petroleum hydrocarbons (expressed as gasoline, diesel, and heavy oils) must also be

25 satisfied. Id.

26 6. The soil criteria for the entire embankment have been derived by a risk assessment

27 analysis that designates aquatic receptors as the most sensitive receptors to protect. In addition to

28
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1 the protective soil fill criteria that were developed for the majority of the embankment, the U.S. Fish

2 & Wildlife Service ("FWS") required the Port to construct a 40-foot wedge of fill along the western

3 edge of the embankment that tapers along the natural contours of the underlying soil as it continues to

4 the east, called the "drainage layer cover." See Exh. B. ("USFWS Biological Opinion", May 22, 2001)

5 at 41. This protective cover was designed to provide an "ultra-clean" layer of fill which will attenuate

6 any potential contamination that might be leaching through the rest of the embankment above it,

7 thereby giving FWS additional assurance that fill used in the Third Runway embankment would not

8 adversely affect species listed under the Federal Endangered Species Act that may be present in

9 nearby water bodies. FWS required that metals in fill used in the drainage layer cover comply with

10 numeric fill criteria equal to natural background concentrations (when available in the literature) found

11 in the Puget Sound region. See Exh. C (Ecology, 1994, Pub 94-115 Natural Background Soil Metals

12 Concentrations in Washington State). Natural background is defined as "the concentration of

13 hazardous substance consistently present in the environment which has not been influenced by

14 localized human activities." WAC 173-340-200. Therefore, the soil metals used in the drainage layer

15 cover should consist of soil that is no more "contaminated" than naturally occurring area soil.

16 7. The 401 Certification also adopted the drainage layer cover approach. See Table 1 to

17 Attachment E to the Amended 401 Certification. In fact, all of the criteria in the 401 Certification

18 that are applicable to the drainage layer cover are either equal to or more stringent than the criteria

19 previously deemed by FWS to be protective.

20 8. For fill above the drainage layer cover, the 401 certification establishes soil fill criteria

21 that are also protective of aquatic receptors. See Table 1 to Attachment E to the 401 Certification.

22 As discussed below, while the soil fill criteria above the drainage layer cover are less stringent than

23 those applicable to the drainage layer cover, they are more stringent than necessary to protect aquatic

24 receptors. /d.

25 9. Work that I have done demonstrates that the soil criteria for the entire Third Runway

26 embankment are protective of aquatic receptors. Ecology's Toxic Cleanup Regulation, WAC 173-

27 340-747)(4), provides a conservative calculation method known as a "fixed parameter three-phase

28
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1 partitioning model," whose purpose is to establish soil concentrations that will be protective of

2 applicable ground water concentrations. See Exh. D (WAC 173-340-747)(4)). The three-phase

3 partitioning model performs what is often referred to as a "back-calculation" because it starts with the

4 numeric water quality criteria for the receiving water effects and works backwards to derive a soil

5 concentration that would be protective of the designated water quality effect. In other words, it

6 determines how much of a particular constituent can exist in the soil without causing an exceedance of

7 the appropriate standard in the receiving water. This "back-calculation" model was adapted for the

8 Third Runway embankment by substituting applicable surface water concentrations in place of

9 groundwater concentrations for the following nine (9) constituents: arsenic, cadmium, copper, lead,

10 mercury, nickel, selenium, silver, and zinc. In the cases where surface water quality criteria were not

11 available (antimony, barium, beryllium, chromium, thallium, and the total petroleum hydrocarbons),

12 drinking water concentrations were used in the back-calculation model, in accordance with WAC 173-

13 340-747, to derive a protective soil concentration for the fill. See Exh. E (Criteria Derivation Chart).

14 10. The back-calculated fill criteria are very conservative because they have been derived

15 assuming that the receptor point is immediately underneath the embankment. However, associated

16 creeks are over one hundred feet away from the embankment at its closest location. As constituents

17 in the embankment seepage move through soils and groundwater, they are subjected to naturally-

18 occurring physical, chemical, and biological processes that tend to reduce the original concentration of

19 the constituent as it is transported between the embankment and the receptor point. These processes

20 include adsorption onto soil and aquifer media, chemical transformation, biological degradation, and

21 dilution due to mixing of the seepage with surface waters and underlying ground water. The reduction

22 in constituent concentrations between the toe of the embankment and the associated creeks can be

23 estimated by developing a site-specific dilution/attenuation factor that would further show that the fill

24 criteria are protective of aquatic receptors. Because the attenuation/dilution factor between the

25 embankment and the associated creeks was not accounted for in deriving the fill criteria, the criteria are

26 more protective than necessary under a site-specific analysis which would consider these important

27 biological, chemical and dilution processes. AR 012552
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1 11. The chart attached as Exhibit E shows the derivation of all of the criteria used in the

2 401 Certification. See Exh. E (Criteria Derivation Chart). The majority of the soil criteria in the Third

3 Runway embankment are set at Puget Sound natural background concentrations for metals.

4 Baekground levels are the fill criteria for a majority of the drainage layer cover constituents (antimony,

5 arsenic, beryllium, cadmium, chromium chromium is less than background---copper, lead, mercury,

6 nickel, zinc) and for several of the main embankment constituents (antimony, beryllium, copper,

7 zinc). /d. The application of Puget Sound background levels is appropriate because these

8 concentrations represent the natural diversity of regional soil formation over millions of years of

9 geologic events. Furthermore, because potential contamination in fill materials below Puget Sound

10 background concentrations cannot be distinguished from true background, it is difficult to contend that

11 fill at or below background could cause a detrimental effect on water quality.

12 12. The fill criteria for two constituents (selenium, silver) in both the drainage layer and

13 the main embankment are set at the Practical Quantitation Limit ("PQL") because it is greater than the

14 ambient water back-calculation. See Exh. E (Criteria Derivation Chart). The PQL is the concentration

15 below which a particular constituent cannot be reliably measured. As a practical matter, therefore, it

16 would not make sense to set criteria below the PQL because it would be impossible to measure

17 reliably whether the criteria were being met. For that reason, MTCA regulations state that when a

18 calculated constituent level is less than natural background levels, the concentration "shall be

19 established at a concentration equal to the practical quantitation limit (PQL) or natural background

20 concentration whichever is higher." WAC 173-340-700(d). For selenium and silver, no Puget Sound

21 background data are available, resulting in the use of a PQL as the soil criteria for those constituents in

22 the entire embankment. See Exh. E (Criteria Derivation Chart).

23 13. For the drainage layer cover, the fill criteria have been calculated to be protective of

24 surface water receptors according to the following decision tree logic:

25 (a) Use of Ecology's back-calculation model, described in WAC 173-340-747)(3)(a), to

26 establish soil concentrations protective of applicable surface water concentrations for the

27 following nine (9) constituents: arsenic, cadmium, copper, lead, mercury, nickel, selenium,

28
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1 silver, and zinc. In the case where surface water quality criteria were not available for

2 antimony, barium, beryllium, chromium, thallium, and the total petroleum hydrocarbons,

3 drinking water concentrations were used in the model according to WAC 173-340-747 to

4 calculate a protective soil concentration for the fill. See Exh. E (Criteria Derivation Chart).

5 (b) All back-calculated concentrations were automatically adjusted either upward or

6 downward to available Puget Sound background levels. Back-calculated concentrations higher

7 than available Puget Sound background were adjusted downwards to that background. Back-

8 calculated concentrations below the PQL were adjusted upward to available Puget Sound

9 background concentrations or the PQL according to WAC 173-340-700(d). Where Puget

10 Sound background concentrations were not available, the concentrations are designated

11 according to the three-phase model described above in paragraph (a) above. See Exh. E

12 (Criteria Derivation Chart). For two constituents, chromium and diesel, Ecology elected to

13 use criteria more restrictive than the model indicated because those criteria were deemed to be

14 protective of terrestrial ecological criteria according to WAC 173-340-749. See Exh. E.

15 14. Soil criteria established in the remainder of the embankment above the drainage layer

16 cover are also protective of applicable water quality criteria. Although the concentrations are not as

17 stringent as in the drainage layer cover, most are either set at Puget Sound background concentrations

18 or back-calculated concentrations from applicable water quality criteria. See Exh. E (Criteria

19 Derivation Chart).

20 15. MTCA Method A cleanup levels are only used for four constituents in the remainder

21 of the embankment. All of those four are fully protective of water quality. For cadmium, the water

22 quality back-calculation was below the PQL and was therefore moved to the PQL (173-340-900,

23 Table 740-1). For mercury, the soil criterion is set at the MTCA Method A back-calculation for

24 drinking water because the fresh water back-calculation was below the PQL. MTCA Method A

25 concentrations are used for arsenic and lead as ceiling levels although the backcalculation approach

26 allowed for higher soil criteria.

27 AR 012554
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C. LINN GOULD

2015 14th Avenue East, Seattle, WA 98112
ErdaEnv@aol.com (206) 324-0297

PROFESSIONAL EXPERIENCE:

Risk Assessment/Management and Wetlands Consultant 7/91 to present
Erda Environmental Services, Inc, Seattle, WA, President
Owner and operator of environmental consulting firm since its inception in 1991.
• Assist the Port of Seattle with Third Runway project issues including risk based development of

soil criteria for embankment.

• Acted as technical project manager and facilitator for Washington State stakeholders in
developing a risk-based environmental policy for petroleum contamination and in re-writing
petroleum regulations for the state from 1996-2000.

• Assist public and private clients in implementing cost effective remediation of contaminated sites
and returning them to productive use in Washington, Oregon, and Alaska. Received Project
Team of the Year Award (1996) in remediation of Southwest Harbor Project for the Port of
Seattle.

• Delineate and evaluate wetlands with focus on mitigation of degraded wetlands and use of
wetlands for wastewater disposal and improving water quality.

Risk Assessment Task Manager and Soil Scientist 01/90 to 7/91
CH2M Hill, Bellevue, WA
• Conducted risk assessments and developed successful strategies in remediating hazardous waste

sites in the Pacific Northwest using risk-based methods.
• Delineated wetland boundaries and prepared wetland reports with focus on regulatory issues,

permitting, and mitigation measures.

Research Specialist 09/85-09/88
Water Resources Center, University of Wisconsin, Madison, WI
• Studied the effects of septic systems on water quality in both the field and laboratory.
• Assisted in the preparation of water quality reports to be distributed for educational purposes in

Wisconsin.

Engineering Geologist 10/81-07/82
Rittenhouse-Zeman & Associates, Bellevue, WA
• Worked in field, laboratory, and office in preparing foundation reports for airports and buildings

in the Pacific Northwest.

Laboratory Technician 10/79-08/80
Geology Department, Smith College, Northampton, MA
• Assisted professor in soils laboratory on the effects of acid rain on lakes in the Adirondacks,

N.Y.

PUBLICATIONS:

• Pascoe, GA; Riley, MJ; Floyd, T.A; Gould, C.L; Use of a Risk-Based Hydrogeologic Model to
Set Remedial Goals for PCBs, PAHs, and TPH in Soils during Redevelopment of an Industrial
Site, Environ. Sci. Technol. 1998, 32, 813-820.

• Erda Environmental Services, Inc. Risk Assessment for Unocal Former Bulk Fuel Facility,
C. Linn Gould
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Soldotna, Alaska, February 1998.
• Erda Environmental Services, Inc; Remediation Technologies, Inc, Southwest Harbor Project:

Shoreland Public Access Exposure Analysis, Pacific Sound Resources Superfund Site, December
1995

• University of Wisconsin Water Resources Center and the Wisconsin Department of Natural
Resources (joint publication, Potential Sources of Pollution for Lulu Lake (Status of Beach
Contamination in Wisconsin, 1986.

EDUCATION:

• University of Washington, Seattle, WA
MPH candidate Public Health, 2000-

• University of Wisconsin, Madison, WI
MS Soil Science, 1988. Thesis on the potential for detergent formulation to affect nutrient
movement through septic drainfields.
• University of Washington, Seattle, WA
Post-graduate research, 10/1982-5/1984. Graduate courses in risk assessment, soil science, and
toxicology.
• Smith College, Northampton, MA
B. A. Geology, 1981. Research and senior thesis on the movement of acid precipitation through
Adirondack, NY soils.

CONTINUING EDUCATION:

• French immersion program for 8 hours per day for two months -"Avance 1" in December 1999
and "Avance 2" in March 2000, Institut de Francais, Villefranche, France.

• "Wetland Vegetation of Western Washington", University of Washington, Seattle, WA, 1995
• "Hazardous Waste Site Operations", Seattle, WA, 1995
• "Creating and Using Wetlands for Wastewater Disposal and Water Quality Improvement",

University of Wisconsin, Madison, WI, 1993
• "Creating Wetlands for Habitat Enhancement and Mitigation", University of Wisconsin, WI,

1993

• "On-Site Wastewater Treatment", University of Washington, Seattle, WA, 1992

PERSONAL:

• Memberships: Society for Risk Analysis, National Society of Consulting Soil Scientists, Society
for Wetland Scientists, Soil Science Society of America

• Skills: Working knowledge of French; volunteered for two years as counselor in reproductive
issues and sexually transmitted diseases at Planned Parenthood; computer literate; coaching
experience

• Interests: Traveling, camping, hiking, biking, wine, reading, basketball

REFERENCES:

Available on request.

C. Linn Gould _:_ 0,_.55_
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United States Department of the Interior
FISH AND WILDLIFE SERVICE

Western Washington Office
510 Desmond Drive SE, Suite 102

Lacey, Washington 98503
Phone: (360) 753-9440 Fax: (360) 753-9008

Lowell H. Johnson
Federal Aviation Administration
1601 Lind Avenue SW

Renton, Washington 98055-4056

FWS Reference #: 1-3-00-F-1420, Master Plan Update Improvements, Seattle-Tacoma
International Airport

X Reference #: 1-3-96-I-29, 1-3-99-SP-0744

Dear Mr. Johnson:

This document transmits the U. S. Fish and Wildlife Service's (FWS) biological opinion (BO)
regarding the effects of the proposed Master Plan Update Improvements (MPUI) for the Seattle-
Tacoma International Airport (Sea-Tac) in King County, Washington on the threatened bull trout
(Salvelinus confluentus), bald eagle (Haliaeetus leucocephalus), and marbled murrelet
(Brachyramphus marmoratus) in accordance with Section 7 of the Endangered Species Act
(Act) of 1973, as amended (16 U.S.C. 1531 et seq.). This project is proposed by the Port of
Seattle, Sea-Tac (Port). Your June 15, 2000, request for formal consultation was received by our
office on approximately June 16, 2000. We received a letter by fax from you on August 21,
2000, requesting that we concur with a "may affect, not likely to adversely affect" call for the
marbled murrelet rather than a "no effect."

This biological opinion is based on the following information: biological assessment (BA) dated
June 2000; Supplement for Property Acquisition and Demolition for 34X Runway Protection
Zone, dated September 2000; supplement to the BA, dated December 18, 2000; Memorandum,
dated December 21, 2000; Sea-Tac Runway Fill Hydrology Studies Report (PGG 2000),
Comprehensive Stormwater Management Plan (Parametrix 2000a); Seattle-Tacoma Airport
Master Plan Update, Low Streamflow Analysis (Earth Tech, Inc. 2000) letter dated October 30,
2000 transmitting new Joint Aquatic Resources Permit Application; Final Natural Resource
Mitigation Plan (Parametrix 2000b) information provided by fax from you on October 16, 2000
and January 10, 2001; e-mail and telephone communications from the Port on April 20, 21, and
23, 2001; e-mails, letters and attachments dated March 26 and 30, and April 20 and 24, 2001
from James Lynch, Stoel Rives, LLP, the law firm representing the Port; information provided by
telephone, fax and e-mail by your consultant, Parametrix Inc., on August 18, 21, 22, and 23,
2000, December 28 and 29, 2000, and January 17, 18, and 19, 2001; documents from the Airport
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Communities Coalition; and other supplemental information provided in numerous telephone
calls, and email or written correspondence up through May 22, 2001. A complete administrative
record of this consultation is on file at this office.

CONSULTATION HISTORY

The FAA originally consulted with the Service on this action in 1995. The BA for that
consultation addressed effects to bald eagles and peregrine falcons, and concluded that the
proposed MPUI "may affect, but will not adversely affect" these species (Tims 1995, FAA
1995). The FWS concurred with these determinations CUSFWS 1995).

Due to the recent listing of bull trout, new information regarding the presence of marbled
murrelets in the action area, and modifications to the project proposal not previously analyzed,
the FAA has requested reinitiation of this consultation. Since that time, the peregrine falcon has
been delisted (August 25, 1999, 64 FR 46542), and therefore, is not addressed in this reinitiation
of consultation.

The FAA determined that the current proposed action is "not likely to adversely affect" the bull
trout, the bald eagle and the marbled murrelet. Although ESA Section 7 compliance for the
proposed project could be completed through informal procedures, the FAA requested that the
FWS use the formal consultation process. Therefore, this BO will address the effects to bull
trout, bald eagle, and marbled murrelet.

BIOLOGICAL OPINION

DESCRIPTION OF THE PROPOSED ACTION

Project Location

The proposed MPUI is located at Sea-Tac within the cities of SeaTac and Des Moines, King
County, Washington (Sections 4 and 5, Township 22 North, Range 4 East, and Sections 20, 21,
28, 29, 32, and 33, Township 23 North, Range 4 East, Willamette Meridian). Associated with
these improvements is the off-site wetland mitigation located in the City of Auburn, King
County, Washington (Section 31, Township 22 North, Range 5 East, Willamette Meridian).

Project Description

The MPUI would develop portions of property located on and near the existing Sea-Tac airport,
and provide wetland mitigation near the Green River in the City of Auburn. The proposed
actions will impact creek, riparian and wetland habitats within the action area. The FAA's
proposed actions are: 1) to approve future collection and use authorization for passenger facility
charges related to implementation of Sea-Tac Master Plan update MPUI; 2) issue future grants
and grants issued after May 24, 1999, related to the implementation of MPUI; and 3) direct
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construction of the airport traffic control tower and navigational aids. The U. S. Army Corps of
Engineers (Corps) proposed action is the issuance of a Clean Water Act 404 permit for the
proposed fill within waters of the United States, including wetlands, and associated mitigation.
The proposed project will result in the permanent filling on-site of approximately 18.37 acres of
wetlands and temporarily filling of 2.05 acres of wetlands. Also, approximately 21.64 acres of
historically farmed and emergent wetlands will be temporarily filled and 0.12 acres of wetlands
will be permanently filled as part of the off-site mitigation in Aubum. Mitigation for proposed
aquatic impacts includes but is not limited to the following: restoration or enhancement of 25.21
acres of wetlands in basin and 49.48 acres of wetlands out-of-basin at the Auburn mitigation site.

The following (Table 1) is a listing of all proposed actions included in the MPUI.

Table 1. Proposed Master Plan Update improvement projects at Sea-Tac Airport.

Project ] Description
Runway and Taxiway Pro,iects

Property Acquisition, Includes purchasing property and demolishing existing
Street and Utility Vacation structures between existing Sea-Tac 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 are also required for
the south runway protection zone (RPZ).

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

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

Runway 16X/34X Pavin_ of third runway after completion of embankment fill.
Extension of Runway 34R Extend runway by 600 ft for improved warm weather and
by 600 feet (ft) large aircraft 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.
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Proiect/cont.} IDescription/cont.}
Runway Safety, Areas {RSAs_
Runway 34R Safety Fill Extend runway safety fill to meet FAA standards.

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

Relocation of Displaced Airfield taxiway improvements. The runway threshold (i.e.,
Threshold on Runway 16L the emergency landing pad at end of runway pavement) to be

relocated onto new RSA.

Miller Creek Sewer Relocate sewer for third runway embankment and runway
Relocation safety fills. New sewer to run along alignment of new

154th/156thStreet.

Borrow Sites

Borrow Sites Sources of fill for third runway embankment, located on Sea-
Tac property south of the airport. Approximately 6.7 million
cy1of material to be excavated from three sites and transported
across airport property to the embankment.

FAA Navigation Aids _NAVAIDS)
New Airport Traffic New air traffic control tower to be located in existing
Control Tower developed area near terminal.
Relocate Airport Existing radar and navigation equipment will be relocated to
Surveillance Radar, allow construction of third runway.

Airport Surface Detection
Equipment, NAVAIDS

Airfield Building Improvements
New Snow Equipment New building to house snow removal equipment.

Storage
Weyerhaeuser Hangar Relocate existing hangar on west side of airfield to allow
Relocation construction of third runway. New hangar will be located near

south end of third runway.

Terminal/Air Cargo Area Improvements
Relocation of Airborne Relocate existing cargo building from air traffic control tower
Cargo site to north cargo area. Located in existing developed area

near terminal.

Central Terminal Passenger terminal remodel. Located in existing developed

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

Expansion Project (STEP) area to the south of the main passenger terminal.
Northwest Hangar Relocate Northwest hangar to site now occupied by Delta
Relocation hangar. Located in existing developed area.

4
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Proiect (cont.) Description (cont.)
Satellite Transit Shuttle Remodel and upgrade underground transit system linking

System Rehabilitation terminal to satellites.
Redevelopment of North New or expanded air cargo facilities along Air Cargo Road at
Air Car_;o north end of airport.
Expansion of North Unit Addition to new passenger terminal located north of existing
Terminal (North Pier) terminal. Located in existing developed area (Doug Fox

parking lot and airport access freeway).

New Airport Rescue and Replaces facility displaced by new North Terminal. The new

Fire Fighting Facility facility will be located to the north of the North Terminal.
Cargo Warehouse at New air cargo facility located north of SR 518 on 24thAvenue
24 th Avenue South South.

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

New Water Tower Construct new water tower and piping in engineering yard
south of South 160t" Street in subbasins (Gilliam Creek
watershed) served by stormwater outfalls 012 and 013.

Roads 2

Temporary SR 518 and Temporary access ramps to serve construction of third runway
SR 509 Interchanges embankment and runway safety fill; to be removed after

project completion.

154t_/156 thStreet Relocate public roadway to allow construction of third runway
Relocation embankment and runway safety fills. Existing road to be

demolished.

154th/156th Street Bridge Relocate existing South 156th Street bridge over Miller Creek
Replacement to accommodate the third runway footprint and South

154th/156th Street relocation. In-water work associated with

this project is limited to the removal of the existing bridge and
bank restoration.

Improvements to Main Transportation circulation, seismic and other improvements to
Terminal Roads roadway systems serving terminal.

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

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

Improvements to South Improvements to existing roadway system serving passenger
Access Connector terminal, garage, and air cargo facilities. Will connect
Roadway (South Link) terminal and garage area to South Access roadway and SR 509

extension south of the airport.
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Project (cont.) I Description (cont.)

Parkin_
Main Parking Garage Expand parking facility at main passenger terminal on north
Expansion and south sides (existing developed areas), and add floors to

_ortions of the existing garage.
The North Employees New parking facility for employees, located north of SR 518.
Parking Lot (NEPL),
Phase 1

North Unit Parking Construction of new garage serving new North Terminal
Structure facility. Facility will be located at existing Doug Fox parking

lot.

The South Aviation Support Area
The SASA and Access New airport support facility for cargo and/or maintenance,
Taxiways located at the south end of the airport south of the Olympic

Tank Farm and South 188 th Street. Airplane access will be by

new parallel taxiway constructed along Runway 34R.
Relocation of Existing Airport operation support facilities will be relocated to the
Facilities to the SASA SASA once SASA site 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 a

Miller Creek Detention Expand the Miller Creek Detention Facility by 16.4 acre-ft to
Facility Expansion provide flow control retrofitting for existing Sea-Tac

discharges to Miller Creek. All construction would take place
in uplands, and would create free-draining detention volume.

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

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

Third Runway Vaults and Stormwater detention vaults and ponds at the north, west, and
Ponds south sides of the airport, discharging to Miller, Walker, and

Des Moines Creeks.

Sea-Tac Retrofit Facilities Detention vaults or ponds to provide flow control retrofitting
for existing Sea-Tac discharges to Des Moines Creek. Vaults
to be constructed in combination with third runway facilities

when possible.
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Project (cont.) Description (cont.)

Cargo Vault Detention vault for North Cargo Facility (4.5 acre-fi
discharging to Miller Creek via Lake Reba).

Natural Resources

MillerCreekRelocation Approximately980 ftof MillerCreekimmediately
downstream of the Miller Creek Detention Facility will be
relocated to accommodate third runway embankment and
runway safety fill.

Miller Creek Buffer and Establish a 100-fl buffer (average) along approximately 6,500
Wetland Enhancement linear fl of Miller Creek and riparian wetlands associated with

Miller Creek within the acquisition area. Enhance
approximately 7.4 acres of existing wetlands along the stream.

Miller Creek Floodplain Excavate approximately 9,600 cy from the Vacca Farm site
and Wetland Restoration adjacent to Miller Creek to compensate for approximately

8,500 cy of floodplain fill for third runway embankment and
north safety fill. Restore and enhance approximately 17 acres
of stream habitat, floodplain wetlands, aquatic habitat in Lora
Lake, and buffers at Vacca Farm.

Miller Creek Instream Project 1: South of the Vacca Farm site, approximately 650 fl
Habitat Enhancement of channel. Remove rock riprap, footbridges, and trash. 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 fl upstream of South 160th
Street, approximately 235 ft_of channel. Install LWD in the
stream channel, grade a small section of the west bank of the
stream to create a gravel bench in the floodplain, remove two
rock weirs to improve fish passage, and plant the upland area
with native trees and shrubs.

Project 3: Immediately downstream of South 160th Street,
approximately 380 ft I of channel. Grade a section of the east
bank, remove a rubber-tire bulkhead and install LWD in the
stream and on its banks. Plant buffer areas with native trees
and shrubs.

Project 4: Miller Creek immediately upstream of 8thAvenue
South, approximately 820 fP of channel. Grade portions of
both banks. Remove footbridges and portions of concrete
block walls. Install LWD in the stream and on its banks.
Plant buffer areas with native trees and shrubs.
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Project (cont.) Description (cont.)

Miller Creek Instream In addition to these specific enhancements, debris such as
Habitat Enhancement tires, garbage, and fences will be removed throughout the
(cont.) entire stretch of Miller Creek from the Vacca Farm site south

to Des Moines Memorial Drive. In areas where access is

readily available, LWD will be selectively placed throughout
the stream to improve instream habitat conditions.

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

along the drainage channels with native grass and shrubs.

Restoration of Approximately 2.05 acres of wetland located west of the third
Temporarily Impacted runway embankment, north of relocated South 154thStreet,
Wetlands 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-disturbance topography, and
plant wetlands with native shrub vegetation.

Tyee Valley Golf Course Restore approximately 4.5 acres of emergent wetland area and
Wetlands Enhancement approximately 1.6 acres of buffer located within Tyee Valley
and Des Moines Creek Golf Course to a native shrub vegetation community. The
Buffer Enhancement enhancement actions would be integrated into plans to

construct a Regional Detention Facility on the golf course 2
(King County Capital Improvement Project Design Team
1999). The enhancement would convert the existing turf
wetland to native shrub wetland community.
Enhance approximately 3.4 acres (average 100 fl wide) of
buffer and 1.0 acre of existing wetland along Des Moines
Creek.

Wetland Habitat Restore wetland functions to a 67-acre parcel near the Green
(including Avian Habitat) River in the City of Auburn. Create and/or restore
near the Green River in approximately 17.2 acres of forest, 6.0 acres of shrub, 6.2
Auburn acres of emergent, and 0.60 acre of open-water wetland.

Enhance approximately 19.5 acres of existing wetlands.
Enhance protective buffers totaling about 15.90 acres.

Size modified from that originally stated in BA.

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

3 Des Moines Creek Basin Plan Committee may construct a Regional Detention
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Facility on Tyee Golf Course to provide regional flow control. This project would
eliminate the need for Sea-Tac retrofit facilities described above. As this is

project would be subject to a future federal action, it is not considered a Master
Plan Update improvement and is not addressed in this BO.

4 Project length includes approximately 12 fl of instream work as part of driveway
demolition, and 400 fl of riparian enhancement.

The proposed project would result in a relatively small increase in the total number of operations
(airplane take-offs or landings) over existing conditions. Operations without the new facilities
are approximately 460,000 annually. With the proposed project, by 2010, the operations would
reach 474,000 (M. Vigelanti, Synergy Consultants, pers. com., 2001). This is an increase of
approximately 14,000 take-offs or landings or approximately 3 percent.

STATUS OF THE SPECIES (rangewide and/or recovery unit)

Bull Trout

On November 1, 1999, the FWS (USDI 1999a) listed all distinct population segments (DPSs) of
the bull trout, a member of the family Salmonidae, within the coterminous United States as
threatened. Five DPSs with 187 subpopulations are currently identified. They include 1)
Coastal/Puget Sound, 34 subpopulations; 2) Columbia River, 141 subpopulations; 3) Jarbidge
River, 1 subpopulation; 4) St. Mary-Belly River, 4 subpopulations and; 5) Klamath River, 7
subpopulations. Critical habitat has not been designated at this time. The bull trout is mainly
threatened by habitat degradation, passage restrictions at dams, and competition from non-native
lake trout (Salvelinus namaycush) and brook trout (Salvelinusfontinalis).

The FWS has identified 35 subpopulations of native char (bull trout and/or Dolly Varden) within
the Coastal/Puget Sound DPS. These subpopulations are grouped into five analysis areas based
on their geographic location: Coastal, Strait of Juan de Fuca, Hood Canal, Puget Sound, and
Transboundary. These groupings were made in order to identify trends that may be specific to
certain geographic areas.

The FWS has rated the subpopulations as either strong, depressed, or unknown, modified after
Rieman et al. (1997). A strong subpopulation is defined as having all life history forms that once
occurred, abundance that is stable or increasing, and at least 5,000 total fish or 500 adult fish
present. A depressed subpopulation is defined as having either a major life history form
eliminated, abundance that is declining or half of the historic abundance, or less than 5,000 total
fish or 500 adults present. A subpopulation status is unknown if there is insufficient information
to determine whether the status is either strong or depressed. Within the Coastal/Puget Sound
DPS, only one subpopulation is considered strong, 10 are depressed, and 25 are unknown.
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The proposed project is located within the Puget Sound Analysis Area of the Coastal/Puget
Sound DPS. Fifteen subpopulations occur in the Puget Sound Analysis Area, from the Nisqually
River north to the Upper Middle Fork Nooksack River. The more northern subpopulations
appear to be relatively more abundant compared to the southern populations (USDI 1999). The
large amount of federal land in these northern drainages, and the lower levels of urbanization,
provide better habitat conditions than in southern Puget Sound. All five of the subpopulations
within the Seattle-Olympia urban corridor are considered depressed. These subpopulations are
within the Nisqually River, Puyallup River, Green River, and Lake Washington basins.
Although there is scant historical information on population abundance, adverse impacts
associated with habitat degradation have been documented for other salmonid species in these
systems (e.g., chinook salmon (Oncorhynchus tshwytscha)). Given the bull trout's more
restrictive habitat requirements, it is reasonable to assume that native char have been similarly
affected. These adverse impacts include fish passage barriers, water temperature, interactions
with nonnative salmonids, geomorphic processes, timber harvest, agricultural practices, and
urban development.

Taxonomists have considered the bull trout to be a separate char species from Dolly Varden
(Salvelinus malma) since 1978 (Cavender 1978). The American Fisheries Society formally
accepted the two separate species in 1980. Bull trout populations exhibit four distinct life history
forms: resident, fluvial, adfluvial, and anadromous.

Resident bull trout inhabit the same streams or nearby tributaries in which they were hatched.
Fluvial bull trout spawn in tributary streams where the young rear from one to four years before
migrating to a river where they grow to maturity. Adfluvial bull trout spawn in tributary streams,
and, after rearing, migrate to a lake (Fraley and Shepard 1989). Anadromous char are known
only to occur in Coastal/Puget Sound DPS subpopulations where major growth and maturation
occurs after migration to and from salt water. Potentially anadromous bull trout populations have
been identified in the Puyallup, White, Carbon, and Green Rivers. These diverse life histories
are important to the stability and viability of bull trout populations (Rieman and Mclntyre 1993).

Bull trout have more specific habitat requirements than other salmonids. High quality bull trout
habitat is typically characterized by cold temperatures; abundant cover in the form of large wood,
undercut banks, boulders, etc.; clean substrate for spawning; interstitial spaces large enough to
conceal juvenile bull trout; and stable channels. Because habitat has been degraded in many
basins and bull trout populations in these basins may be depressed, the fish may utilize less
optimal habitat.

Stream temperatures and substrate types are critical for their sustained long-term residence. Bull
trout are found primarily in colder streams, although the fish are also found in larger, wanner
river systems that may cool seasonally or provide migratory corridors and important forage bases.
Bull trout are associated with the coldest, cleanest and most complex stream reaches within
basins. Temperature is critical for spawning and early life history requirements. Very cold water
is required for incubation, and juvenile rearing appears to be restricted to areas with cold water.
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Spawning areas are often associated with the coldest streams in a river basin. In one study by
Goetz (1994), juvenile bull trout were not found in water temperatures above 12 o Celsius (C).
Many studies show that temperatures must drop below 9 o C or 10 ° C before spawning occurs
(McPhail and Murray 1979; Craig 1997). Egg survival decreases as water temperature increases,
with higher survival levels documented at 2 o C to 4 ° C (McPhail and Murray 1979). The best
bull trout habitat in several Oregon and Washington streams had temperatures which seldom
exceeded 15 o C (Buckman et al. 1992; Craig 1997; Ratliff and Howell 1992; Ziller 1992).
Stream bottom and substrate composition are also highly important for bull trout (Pratt 1992),
especially for juvenile rearing and spawning site selection (Rieman and McIntyre 1993; Graham
et al. 1981; McPhail and Murray 1979). Fine sediments can influence incubation survival and
emergence success (Weaver and White 1985) but might also limit access to substrate interstices
that are important cover during rearing and over-wintering (Goetz 1994; Jakober 1995; USDI
1999a).

The anadromous life-form is more complex than the other life-forms discussed. Limited
information on the marine and estuarine residency for bull trout is known. While it was thought
that the Dolly Varden were primarily anadromous and the bull trout were fluvial and adfluvial in
the north Puget Sound area, this is not the case. In the limited sampling done in Port Susan and
Skagit Bay, the char have been identified as both bull trout and Dolly Varden (Kraemer in prep.).

In the north Puget Sound area many of the sub-adult char migrating out of headwater or
mainstem areas adopt an anadromous life history. The smolts move downstream in the spring of
the year (April, May, and early June) to the river mouths and nearby beaches. Sub-adults
typically spend the spring and most of the summer in the marine environment where they
experience rapid growth (25 millimeters (mm) to 40 mm per month).

Bull trout are opportunistic feeders. Like other apex predators, they require a large prey base and
a large home range. Sub-adult and adult migratory bull trout move throughout and between
basins in search of prey. Resident and juvenile bull trout prey on terrestrial and aquatic insects,
macrozooplankton, amphipods, mysids, crayfish, and small fish (Wyman 1975; Rieman and
Lukens 1979 in Rieman and Mcintyre 1993; Goetz 1989; Donald and Alger 1993). Adult and
sub-adult migratory bull trout are primarily piscivorous, feeding on various trout and salmon
species, whitefish, yellow perch, and sculpin. A recent study in the Cedar River Watershed of
western Washington found adult bull trout diets to also consist of salamanders (Connor et al.
1997).

Limited stomach content work and feeding observations indicate that while the char are in the
marine environment of Skagit Bay and Port Susan they feed heavily on surf smelt (Hypomesus
pretious). Other food items eaten in the marine waters include Pacific herring (Clupea harengus
pallasi), Pacific sand lance (Ammodytes hexapterus), pink salmon smolts (Oncorhynchus
gorbuscha), chum salmon smolts (O. keta), and a number of invertebrates. In Port Susan and

Skagit Bay the smelt and herring spawning beaches match nearly exactly those used by the char
while they are in the marine area (Kraemer in prep.). This matches information for foraging in
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freshwater, where bull trout were found to aggregate near seasonally concentrated forage fish in
Flathead Lake, Montana (MBTSG 1998).

After several months in salt water, maturing adult bull trout begin their spawning migration. The
fish leave the tidal areas in late May, June and early July. At this time, the first time spawners
are 400 mm to 525 mm in length. In the Sauk basin the spawning migration can be as long as
195 km and the fish may climb to an elevation of 1000 meters (Kraemer in prep.). Bull trout
become sexually mature between 4 and 9 years of age (Shepard et al. 1984), and may spawn in
consecutive or alternate years (Shepard et al. 1984; Pratt 1992). Migratory bull trout frequently
begin their spawning migrations as early as May, moving from the salt water back to the lower
river and its tributaries to begin their spawning migration. The anadromous life-form does make
considerable migrations. Migratory bull trout have been known to move upstream as far as 259
kilometers (155 miles) to spawning grounds (Fraley and Shepard 1989). Fish may be in salt
water areas 40 km from the river mouth in the spring of the year and have been documented
moving nearly 200 km upstream of the river mouth during spawning migrations. An adult tagged
while staging in the spawning areas of the upper South Fork Sauk was recaptured by a fisherman
the following spring in the marine area on the east side of Camano Island, fifteen air miles from
the mouth of the Skagit River. A radio tagging study on the South Fork Skykomish (Kraemer
pers. com. in WDFW 1997) showed that when the fish did migrate in the upper watershed, they
commonly moved 2 km to 3 km a day with the maximum distance traveled of 15.2 km. In the
lower river, the fish may travel at an even greater rate. During the low flows of summer and fall,
most of the movement seemed to occur during the low-light periods just after dawn or before
sunset. Once the fish reach staging areas near the spawning ground they may remain in the same
general area, even the same pool, for several months.

In the Coastal/Puget Sound region, spawning occurs from August through December. Spawning
typically occurs in cold, low-gradient 1st-to 5'h-order tributary streams, over loosely compacted
gravel and cobble having groundwater inflow (Shepard et al. 1984; Brown 1992; Rieman and
Mclntyre 1996; Swanberg 1997; MBTSG 1998). Spawning sites usually occur near cover
(Brown 1992). They typically spawn in headwaters of tributary streams (Craig 1997). Hatching
occurs in winter or early spring, and alevins may stay in the gravel for extended periods,
sometimes exceeding 220 days. After spending the winter in the lower 35 kilometers (km) to 40
km of the river, the sub-adult char return to the marine environment. Some fish reenter the salt
water as early as late February. Post-spawning mortality, longevity, and repeat-spawning
frequency are not well known (Rieman and Mclntyre 1996), but lifespans may exceed 10-13
years (McPhail and Murray 1979; Pratt 1992; Rieman and Mclntyre 1993; USDI 1999a).

The full range of depths bull trout may use in Puget Sound is not known. There is some limited
information on preferred depths available from freshwater lakes. This may be an appropriate
surrogate for marine waters. One bull trout has been captured at 60 meters in Lake Washington,
Washington (D. Beauchamp, University of Washington, pers. com. 2000). Bull trout were
captured infrequently in Flathead Lake, Montana at depths greater than 34 meters (MBTSG
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1998). However, there appeared to be tendency for bull trout to be associated with depths less
than 34 meters (Leathe and Graham 1982 in MBTSG 1998, Huston 1975 in MBTSG 1998).

Bull trout are threatened by land management activities, water management activities, over-
harvest, and competition or hybridization with non-native fishes (USDI 1999a). Urban and
agricultural development has resulted in the loss of riparian habitat and wetlands, with a
subsequent increase in impervious surfaces. These changes, especially in the lowland streams,
have resulted in increased stream temperatures, alteration of stream flows and water quality, and
impacts to forage species. Logging, road building activities and associated cumulative effects
impact bull trout through increased sediment production and delivery to streams, loss of large
pools and woody debris, increased water temperatures, and degradation of water quality and
quantity. Dam, reservoir and irrigation construction and operations have altered portions of bull
trout habitat. Dams without fish passage create barriers to migratory bull trout metapopulations.
Dams and reservoirs also alter the natural hydrograph, thereby affecting forage, water
temperature, and water quality.

Bald Eagle

A detailed account of the taxonomy, ecology, and reproductive characteristics of the bald eagle is
presented in the Pacific States Bald Eagle Recovery Plan (USFWS 1986) and the final rule to
reclassify the bald eagle from endangered to threatened in all of the lower 48 States (60 FR
36010). Additional information on the listing of the species, and its status in Washington State
was included in the biological opinion for the Point Roberts golf course (USFWS 1999a).

The bald eagle is found throughout North America. It breeds primarily in Alaska, Canada, the
Pacific Northwest states, the Rocky Mountain states, the Great Lake states, and Chesapeake Bay
(USFWS 1986, American Ornithologists' Union 1983). The bald eagle winters over most of the
breeding range, but is most concentrated from southern Alaska and southern Canada southward.

The recent proposal to delist the bald eagle in the lower 48 states (USDI 1999b) indicates that
numeric delisting goals have been met for the bald eagle in the Pacific Recovery Region since
1995. The proposed project is located within the Pacific Recovery Region.

In Washington, bald eagles are most common along saltwater, lakes, and rivers in the western
portion of the state and along the Columbia River east of the Cascade Mountains (Larrison and
Sonnenberg 1968). Resident, breeding eagles are found throughout the state near large bodies of
water. Most nesting habitat in Washington is located in the San Juan Islands and on the Olympic
Peninsula coastline (Grubb 1976).

The primary wintering range of bald eagles in Washington is Puget Sound and its major rivers.
Most eagles wintering in Washington occur along the Skagit, Nooksack, and Sauk River Basin
(USFWS 1986).
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The bald eagle is found along the shores of saltwater, and freshwater lakes and rivers. In
Washington, breeding territories are located in predominantly coniferous, uneven-aged stands
with old-growth components (Anthony et al. 1982).

Bald eagles typically build large stick nests in mature or old-growth trees, and these nests are
generally used over successive years. In Washington, courtship and nest building activities
normally begin in March or early April, with eaglets hatching in mid-April or early May. Eaglets
usually fledge in mid-July (Anderson et al. 1986).

The size of an eagle nest is dictated by the forest type and tree species found within a geographic
area; eagles apparently select nest sites for structure rather than tree species (Anthony et al. 1982,
Anthony and Isaacs 1989). The three main factors affecting distribution of nests and territories
include: 1) nearness to water and availability of food, 2) suitable trees for nesting, perching, and
roosting, and 3) the number of breeding-aged eagles (Stalmaster 1987).

Wintering bald eagles generally concentrate in areas where food is abundant and disturbance is
minimal. The birds use perches near feeding areas during the day, which are typically isolated
areas in old-growth and mature stands that have trees larger than the surrounding trees; the
perches also provide views of foraging areas. Night roost trees are chosen according to their
diameter and growth form. The canopy of night roost trees provides protection from inclement
weather and disturbances (USFWS 1986).

Important food items during fall and winter include carrion such as "spawned out" salmon taken
from gravel bars along wide, braided river stretches (Stalmaster et al. 1985, Stalmaster 1987).
Anadromous and warm-water fishes, small mammals, carrion, waterfowl, and seabirds are

among the most prevalent food items consumed during the breeding season (Anderson et al.
1986, USFWS 1986).

Marbled Murrelet

The marbled murrelet was federally listed as threatened on September 28, 1992 (57 FR 45328).
Critical habitat was designated on May 24, 1996 (61 FR 26256). In North America, marbled
murrelets range along the Pacific coast from Alaska south to central California. Wintering birds
have occasionally been found in southern California. Puget Sound has one of the more
concentrated marbled murrelet populations of California, Washington and Oregon (USFWS
1997). An account of the taxonomy, ecology, and reproductive characteristics of the marbled
murrelet is found in: the 1988 Status Review (Marshall 1988); the final rule designating the
species as threatened; the Service's biological opinion for Alternative 9 (USFWS 1994) of the
FSEIS (USDA and USDI 1994); the Ecology and Conservation of the Marbled Murrelet (Ralph
et al. 1995a); the final rule designating critical habitat for the species (61 FR 26256); the
recovery plan for the species (USFWS 1997); and, the biological opinion on the Simpson Habitat
Conservation Plan (USDI 2000). The following summarizes some of this information.
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The population size of murrelets in Washington, Oregon, and California has been estimated at
18,550 to 32,000 (Ralph et al. 1995b). The large range in the population estimate is a result of
two widely divergent population estimates in Oregon. Based on demographic analyses,
Beissinger and Nur (1997) estimate the murrelet population to be declining at a rate of at least 4
percent per year and perhaps as much as 7 percent per year in Washington, Oregon, and
California.

Ralph et al. (1995b) summarized some of the reasons for variability in population estimates
among researchers, including differences in methodology, assumptions, spatial coverage, and
survey and model errors. Nevertheless, both Ralph et al. (1995b) and the Marbled Murrelet
Recovery Team (1994) have concluded that the listed population appears to be in a long-term
downward trend. The Marbled Murrelet Recovery Team estimates that the population may be

declining at rates of between 4 and 12 percent, which means that in 20 years the population could
be less than one-half to one-twelfth its current size.

In Washington, Speich and Wahl (1995) concluded that murrelet populations are lower now than
they were at the beginning of the century. Total estimates for Washington, which were derived
from surveys conducted in the early 1980s, are about 5,500 murrelets (Speich and Wahl 1995).
Based on surveys conducted in 1993, Varoujean and Williams (1995) estimated that 3,250
murrelets occur on the outer coast of Washington and the western portion of the Strait of Juan de
Fuca.

Nesting habitat is crucial to murrelets. Unlike other alcids, marbled murrelets nest inland in
mature and old growth coniferous forests as far as 52 miles from the ocean (Marshall 1989). In
Washington, Oregon, and California, murrelet nests have been found in trees. South of the
Alaskan tundra, murrelets nesting occurs within mature or old growth coniferous forests within
50 miles of the ocean (Carter and Erickson 1988, Hamer and Cummins 1990, Hamer and
Cummins 1991, Nelson 1989, Nelson 1990, Paton and Ralph 1990, Sealy and Carter 1984).

Murrelet nests have been found on platforms or broad surfaces that are formed by large limbs,
moss, branches deformed by diseases such as mistletoe, or damaged branches. Suitable nesting
platforms are found most commonly on older trees. Most nests are directly under overhanging
branches, which may provide protection from harsh weather and predators. The Pacific Seabird
Group defines potential nesting habitat as 1) mature (with or without an old growth component)
and old growth coniferous forests; and 2) younger coniferous forests that have deformation or
structures suitable for nesting (Ralph et al. 1993). Preferred tree species are Douglas-fir, coast
redwood, western hemlock, Sitka spruce, or western red cedar. Because murrelets are seabirds,
their nesting habitat must be within flight distance of a marine environment (USDA Forest
Service et al. 1993).

The loss of nesting habitat (older forests) has generally been identified as the primary cause of
the marbled murrelet's population decline and disappearance across portions of its range (Ralph
et al. 1995a). Prey resources and nesting habitat are identified as the two main factors which can
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affect seabird populations (Cairns 1992 in USFWS 1997). As the proposed project may affect
the marine environment as opposed to nesting habitat, we will focus on the former aspect of the
environment.

Marbled murrelets typically are found foraging within 0.6 miles to 1.2 miles from shore (USFWS
1997). Marbled murrelets feed mostly in near-shore marine waters and in inland saltwater bays
and sounds, and occasionally inland freshwater lakes (Marshall 1989). They often gather at the
mouths of rivers. Many prey species concentrate in specific nearshore areas where conditions
concentrate lower trophic levels which are food for marbled murrelet prey species. In areas were
marbled murrelet prey are concentrated, foraging marbled murrelets have also been concentrated
(Carter 1984 in USFWS 1997, Carter and Sealy 1990 in USFWS 1997).

Marbled murrelets are considered opportunistic foragers. They are known to feed on
invertebrates as well as fish. Mysids, gammarid amphipods and euphausiids invertebrates have
been identified as important forage species during various times of the year and in certain
localities. Invertebrate species appear to be more important during the winter and spring, as
opposed to the summer breeding period. The prey is known to differ by species and/or its size
between that eaten by adults versus chicks (Sealy 1975 in USFWS 1997, Carter 1984 in USFWS
1997, Carter and Sealy 1990 in USFWS 1997, Burkett 1995).

In the Pacific Northwest, the main fish prey for marbled murrelets has been identified as Pacific
sand lance (Ammodytes hexapterus), Pacific herring (Clupea harengus), northern anchovy
(Engraulis mordax), and smelt (Osmeridae) (USFWS 1997). Marbled murrelets have been seen
occasionally foraging on salmonids in inland lakes in British Columbia and Washington (Carter
and Scaly 1990 in USFWS 1997).

While declines in forage species may affect marbled murrelet populations, little information on
any direct effect is available. Declines in species such as the Pacific herring have been
documented in parts of Puget Sound (Burkett 1995, WDFW 1995 in USFWS 1997). However,
the spawning biomass of Pacific herring has remained stable over the last 20 years (WDFW 1995
in USFWS 1997).

Marbled murrelets may shift their feeding areas in response to changes in prey in localized areas.
Marbled murrelets are known to shift their nearshore foraging areas between years off of the

Oregon coast (Strong 1995). Marbled murrelets may change their foraging area by up to 50
miles, based on daily foraging distances from nest sites and feeding areas (Carter and Sealy 1990
in USFWS 1997, Jodice and Collopy 1995 in USFWS 1997, Kuletz et al. 1995).

Some anthropogenic impacts to marbled murrelets in marine waters include mortality from gill
nets, oil spills, and other marine pollution. The actual number of net mortalities in Washington
is low. These impacts are addressed in the biological opinions for Puget Sound area non-treaty
commercial salmon net fisheries (USFWS 1996) and the treaty commercial salmon net fisheries
in the Strait of Juan de Fuca and Puget Sound (USFWS 1999b). Oil pollution is a significant
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threat or conservation problem in southem Alaska, southern British Columbia, Washington, and
California (King and Sanger 1979 in USFWS 1997, Wahl et al. 1981, Sealy and Carter 1984,
Carter and Erickson 1988, Carter and Erickson 1992 in USFWS 1997, Marshall 1988, Carter and
Kuletz 1995 in USFWS 1997). Oil spills include large spills, such as the 1991 Tenyo Maru spill
off the Olympic Peninsula, Washington, to small spills which may result from tank cleaning and
bilge pumping. Other marine pollution which may affect marbled murrelets includes chemical
contaminates which enter the water way via direct dumping and effluent from onshore sources.
Marbled murrelets in Washington which were analyzed for contaminants appeared to be within
the normal ranges for seabirds from clean environments (Grettenberger et al., in prep.).

Habitat Conservation Plans

The range-wide status of the bald eagle, marbled murrelet and bull trout has been affected by a
number of recent Habitat Conservation Plans (HCPs) that were prepared in conjunction with
incidental take permit applications to the Service pursuant to Section 10(a)(1)(B) of the Act.

Six HCPs have been completed within Washington. The following summarizes the anticipated
and/or permitted take of bald eagles, marbled murrelets, and bull trout for the HCPs which
include these species:

• West Fork Timber Co. HCP (formerly Murray Pacific HCP): bald eagle, marbled
murrelet

• Port Blakely L.P.- Robert .B. Eddy Tree Farm HCP: bald eagle, marbled murrelet
• Washington Department of Natural Resources (WDNR) HCP: bald eagle, bull

trout, marbled murrelet
• Seattle Public Utility's Cedar River Watershed HCP: bald eagle, bull trout,

marbled murrelet

• Plum Creek Timber Company 1-90 HCP: bull trout, marbled murrelet
• Simpson Timber HCP: bald eagle, bull trout, marbled murrelet,

West Fork Timber Co. HCP (formerly Murray Pacific HCP)

The West Fork Timber Co. HCP 100-year amended incidental take permit for the 53,527-acre
Mineral Tree Farm, located in Lewis County in western Washington, was approved in June,
1995. Although no marbled murrelet occupancy has been identified by current surveys, the
amended permit allows incidental take of murrelets associated with 800 acres out of 1,091 acres
of potential murrelet habitat. If murrelets occupy potential habitat in the future, some incidental
take may occur as a result of disturbance.

The HCP does not anticipate the incidental take of bald eagles, although bald eagles are a
"covered" species under the terms of the permit.

Port Blakely L .P.- Robert B. Eddy Tree Farm HCP
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The Port Blakely Tree Farms, L. P. 50-year incidental take permit for the 7,486-acre R. B. Eddy
Tree Farm, located in Pacific and Grays Harbor counties in southwest Washington, was approved

in July, 1996. No modification nor disturbance of known occupied murrelet sites is authorized
under the HCP. However, due to the possibility that habitat surveyed in the first 5 years of the

plan could eventually become occupied in the future, incidental take may result from harvest of
210 acres of deferred habitat and 250 acres of habitat that may develop in Riparian Management
Zones. In addition, incidental take from disturbance due to harvest may occur during the nesting
season. The HCP permits the incidental take of up to 25 wintering eagles due to harvest of
wintering habitat.

City of Seattle for the Seattle Public Utility's Cedar River Watershed HCP

The City of Seattle for the Seattle Public Utility's Cedar River Watershed HCP permitted the
take of an undetermined number of marbled murrelets associated with one known occupied stand
and an unknown number of other occupied stands over a 50-year period as a result of the
proposed action. The number of marbled murrelets taken annually could not be determined.
Specifically, incidental take of marbled murrelets was authorized within the watershed as a result
of 14,400 acres of forest restoration (ecological and restoration thinning, and conifer under-
planting), 240 miles of road removal, and 380-520 miles of on-going road maintenance, and as
much as 4 miles of streambank stabilization and re-vegetation work and 50 in-stream wood
placement projects over the term of the HCP.

The incidental take permit for the HCP allowed an undetermined number of bald eagles to be
taken over a 50-year period as a result of this proposed action. The number of bald eagles taken
annually could not be determined. However, the number of bald eagles expected to be taken is
very small, both because of the low number of bald eagles thought to occur within the watershed
at this time (only transients and migrants and no known nesting activity), and due to the level of
protection provided by the HCP.

Two harm and harassment estimates of take were determined for bull trout based on the

assumption that this species occurs throughout lands managed by the City of Seattle.

The incidental take permit for the HCP allows the take of bull trout associated with 420 acres of
restoration thinning (0 to 30-year old trees) conducted in the first fifteen years on the HCP and
150 acres of ecological thinning (30 to 60-year old trees) over the full term of the HCP. It also
included take associated with maintenance of 520 miles of currently maintained roads, and with
the ground disturbance associated with removing about 240 miles of existing roads during the
first 20 years of the HCP. However, by year twenty of the HCP, the total maintained road
mileage will drop to approximately 380. Some incidental take in the form of harm associated
with improvement of about 4 miles to 10 miles of road per year is also anticipated.

Incidental take of bull trout in the Chester Morse Lake/Masonry Pool system occurs from
entrainment through two intakes devices, the Cedar Falls Hydroelectric Project at Masonry Dam
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and the Overflow Dike into Masonry Pool. It is expected that no more than seven percent of the
estimated bull trout population in that system will be killed per year through any combination of
these intake devices. Take is also expected to occur due to inundation of redds and preventing
spawners from accessing the tributaries of the reservoir by unusually low water levels in the
reservoir. Studies have shown that less than ten percent of the bull trout redds in the Cedar River
have been located below the normal high pool elevation of 1,563 feet. Thus, these lower
elevation redds would be subject to take every year. Nearly all (-95 percent) Rex River bull trout
redds were annually located below 1,563 feet. Therefore, these redds would be subject to some
form of take, because they can be reasonably expected to be inundated for some duration before
juvenile bull trout emerge. Reservoir management zones of "Infrequent" (2) and "Very
Infrequent" (1) are expected to take more bull trout than the "Normal" (3) operating zone. Zone
(2) and (1) are expected to occur once every ten and fifty years, respectively, with durations
exceeding one week. Short durations of spawner impedance can be expected to occur in the
reservoir management zone (Appendix 38) of "Normal" (3) every year, but periods longer than
one week will only occur once every four years. Spawner blockage is not expected to occur in
the "Normal" (3) zone. The "Infrequent" zone (4) is expected to occur with a frequency of one in
ten years where both spawner impedance and blockage is expected to occur with durations of one
to three weeks. The "Very Infrequent" zone (5) will impede and block spawners, but is expected
to occur only once in fifty years.

Plum Creek Timber Company 1-90 HCP

The Plum Creek Timber Company 1-90 HCP addressed about 170,600 acres for 50 to 100 years
in King and Kittitas Counties, Washington. The permit allows incidental take ofmurrelets
associated with up to 400 acres of unsurveyed low-quality habitat west of the Cascade Crest and
1,400 acres ofunsurveyed land east of the Crest. The amended HCP to address the 1-90 land
exchange in 1999 permitted the additional take of 721 acres of low-quality suitable habitat or
marginal habitat west of the Cascade Crest. Also, some portion of 1,741 acres of nonhabitat
(Mature Forest Structural Stage) west of the Cascade Crest, could eventually become habitat
during the 100-year permit, and subsequently subject to harvest without surveys.

The Plum Creek Timber Company's HCP amended the HCP (USDI 1998a) to include the
Columbia River DPS of bull trout. The amendment allowed for the take of bull trout associated

with habitat degradation/loss due to 150 acres of selective and thinning/restoration-oriented
silvicultural harvest per year, 2 miles of stream restoration per year, and 20.2 miles of road
construction, maintenance, and removal per year.

WDNR's HCP

The WDNR incidental take permit for 1.6 million acres of State forest land in the State of
Washington was approved on January 30, 1997. The 70-year permit covers all WDNR-managed
lands within the range of the spotted owl and authorizes incidental take occurring from
commercial forest activities as well as non-timber resource activities. The HCP permits the
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incidental take (in the form of harm) of all bald eagles associated with the harvest of 200,000
acres of forested habitat over the life of the HCP. In addition, incidental take (in the form of

harassment) of bald eagles due to disturbance may occur on a total of 2,402,820 acres over the
life of the HCP. This disturbance is due to both forest (i.e., harvest) and non-forest resource
activities. Incidental take was issued for bald eagles under the WDNR HCP. However,
inadvertent incidental take of bald eagles will be minimal because the DNR will actively
conserve known nest sites.

Approximately 376,000 acres of State Forest land occurs within the Olympic Peninsula. Of this
376,000 acres, 23,836 acres of suitable murrelet habitat are scheduled for harvest under the HCP.
In addition to habitat removal, disturbance related take for marbled murrelets due to timber
harvest and non-timber resource activities may occur on 6,402 acres per year for the first decade
of the HCP on the Olympic Peninsula.

The WDNR's HCP amendment (USDI 1998b) to include bull trout allowed for incidental take of
bull trout associated with habitat degradation/loss due to 29 miles of road construction and
maintenance per year, and 158 acres of selective and thinning harvest per year. This amendment
added only the Coastal/Puget Sound DPS of bull trout to the WDNR's HCP.

Simpson Timber HCP

The Simpson Timber incidental take permit was issued on October 12, 2000. The HCP
encompasses the Plan Area of 261,575 acres and approximately 640,000 acres of additional
lands (known as the Assessment Area) surrounding the Plan Area. The Assessment Area lands
are not currently owned by Simpson, but may be in the future. All lands occur in Mason, Grays
Harbor, and Thurston counties. The incidental take permit authorizes take of bald eagles, bull
trout, and marbled murrelets associated with commercial timber harvest and land management
activities for a period of 50 years.

The FWS authorized incidental take of marbled murrelets in the form of harm, as a result of

harvest of up to a total of 315 acres of suitable marbled murrelet (but currently unoccupied)
habitat outside of Riparian Conservation Reserves (RCR). Take, in the form of harassment, due
to disturbance of undiscovered nesting marbled murrelets, is anticipated to occur. Specifically,
the FWS authorized take of marbled murrelets due to disturbance associated with timber harvest

activities within the Plan Area, on potentially covered lands allowed to be added per Provision 10
of the Implementing Agreement (IA), and those immediately adjacent (within one mile) of the
Plan Area. The FWS authorized take of marbled murrelets, due to harassment, as a result of
activities near suitable habitat within the RCRs that are currently occupied, or which could

become occupied over the proposed incidental take permit term (162 acres expected to develop
within the RCR by the year 25, and 1231 acres are expected to develop within the RCR by the
year 50 of the incidental take permit term). Marbled murrelets could be taken due to harassment
as a result of harvest of trees outside of, but adjacent to RCRs. The FWS authorized take for
marbled murrelets associated with habitat outside of RCRs that becomes occupied prior to being
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harvested, and for marbled murrelets associated with occupied habitat outside of the RCRs as a
result of harvest of trees within 300 feet of such habitat. The FWS authorized take, due to

harassment, of marbled murrelets associated with habitat that is within 0.25 mile of up to 250
miles of new road construction over the term of the HCP, a small portion of which may be as

close as 300 feet to occupied marbled murrelet habitat, and for activities associated with potential
remediation of a maximum of 2,001 miles of system roads (during the first 15 years of the

proposed permit term, 100 percent of all roads needing remediation would have such work
completed; thus all potential take associated with road remediation would occur within the first
15 years of the permit term). The FWS authorized take due to harassment of all marbled
murrelets associated with activities in habitat adjacent to a maximum of 6,160 acres of

experimental thinning sites over the proposed ITP term, where timber harvest may occur. A
small portion of the 6,160 acres could be adjacent to occupied marbled murrelet habitat (but
would not occur within suitable or occupied habitat). The FWS anticipated take due to
harassment for all marbled murrelets within one mile of any blasting activities occurring between
September 1 and September 15 of any given year. Take due to harassment of marbled murrelets
is not authorized during the time period April 1 through August 30 for blasting, as Simpson has
stated that they would not blast during this time period near marbled murrelets. Take may occur
on an unknown number of acres due to blasting in an unknown number of sites and locations
over the life of the HCP, potentially causing nesting upset, loss of eggs, or nest abandonment if
this blasting occurs proximal to nests. The FWS anticipated take in the form of harassment in
limited areas of the Plan Area involved in proposed Covered Activities that were subject to
protocol surveys and determined to be unoccupied, but become occupied during the ITP term.

The FWS authorized bull trout take as a result of timber harvest and experimental thinning
associated with stream habitats on 2,987 acres (187 acres in the first 10 years of the permit term,

and up to 5,973 (total of 6,160 acres minus 187 acres) for the remaining 40 years of the permit
term. In addition, the FWS authorized take for bull trout associated with habitat adjacent to 250
acres of new road construction, and with habitat adjacent to potential remediation of 2,001 miles

of system roads (during the first 15 years of the proposed permit term, 100 percent of all roads
needing remediation would have such work completed). By year 15 of the HCP, effects to bull
trout habitat resulting from road remediation should be eliminated.

The FWS authorized take, in the form of harassment, due to disturbance of all bald eagles
associated with timber harvest adjacent to bald eagle roosting habitat, a maximum of 250 miles
of new road construction, a maximum of 2,001 miles of system road remediation within the first
fifteen years of the proposed ITP term, and a maximum of 6,160 acres of experimental thinning.
Only winter roosting and migrant bald eagles are currently known from the Plan Area; no nesting
activity is currently known. The communal roost site supports approximately 30 bald eagles. A
small amount of nesting is likely to occur during the proposed ITP term within the Plan Area.
Nesting during the proposed permit term is more likely within lands allowed to be added for
coverage per Provision 10 of the IA, particularly near Puget Sound (nesting activity in this area is
currently undetermined). The number of bald eagles anticipated to be taken is small, but the
potential for take to occur is moderate. A small number of bald eagles are expected to occur
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within the Plan Area and environs during the proposed permit term as most of the potential
habitat is in a relatively young successional stage, and a relatively small amount of high function
perching and nesting habitat is expected to develop during the proposed ITP term.
ENVIRONMENTAL BASELINE (in the action area)

Bull Trout and Aquatic Resource Conditions

The proposed project is located within and adjacent to the Green River Sub-Population of bull
trout. Very limited information is available on the status of bull trout in this sub-population of
the Coastal/Puget Sound DPS.

Green River

Very limited information is available on the status of bull trout in the Green River basin.
Extensive surveys specifically for bull trout have not been conducted in the Green River. Bull
trout are presumed to occur in very low numbers in this system. It is unknown how bull trout
specifically use the Green River and its tributaries, although it is likely used for foraging, and
migration for the purpose of this BO. However, there is unlikely to be any suitable spawning
habitat in the action area. No spawning locations are known (WDFW 1998). The life history
forms of bull trout in this drainage are not known; however, they are likely to be anadromous
and/or fluvial. Historical accounts suggests that bull trout were once common (Suckley and
Cooper 1860). However, creel counts on the Green River, dating from 1940, indicate bull trout
are now extremely rare, with only four char taken by over 35,500 anglers checked between 1940
and 1973 (Cropp in WDW 1993). Though few in number, Cropp (in WDW 1993) indicated that
char are still occasionally caught in the Green River. A native char was caught in May 1994 in
the Duwamish River that was positively identified as a bull trout both by Haas measurements and
by genetic work (E. Warner, Muckleshoot Indian Tribe, pers. com. 1997). Eight native char were
caught in the turning basin of the Duwamish River Estuary near river mile (RM) 1.5 in August
and September, 2000 (Taylor Associates 2001). Positive identification as bull trout has been
established by genetic analysis for two of the six fish; the remaining fish have not been analyzed
to date (W. Mavros, King County, pers. com. 2001a). Watson and Toth (1994 in WDFW 1998)
state that native char have been harvested in the Green River as far upstream as RM 64. More
recently, a bull trout, as determined by genetic work, was caught at the mouth of Newaukum
Creek off the mainstem of the Green River, approximately 40 miles upstream from the mouth of
the Green/Duwamish River (E. Warner, Muckleshoot Indian Tribe, 2000). Plum Creek Timber
Company has conducted presence/absence surveys for bull trout in the upper Green River
watershed above Howard Hanson dam, with no presence documented.

Mongillo (1993) listed bull trout in the Green River as a remnant population, with status
unknown, and with an immediate need for data. WDFW (1998) lists the Green River population
as unknown status. The FWS believes the status of this subpopulation is depressed, based on
available information that indicates native char occur in very low numbers in comparison to
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historic levels. Total abundance for the subpopulation is believed to be less than 5,000
individuals or 500 adults.

The Green River and its tributaries presently provide only poor to fair habitat for bull trout
because of industrial, residential and agricultural developments along the lower and middle
reaches of the Green River and its tributaries, the presence of two dams at RM 61 and 64.5, and
extensive timber harvest in the upper basin. These activities have resulted in the increase in fine
sediments, a severe reduction in the riparian corridor, constriction of the fiver channel and
isolation from its floodplain, a reduction in channel complexity and habitat diversity, instream
flow reductions, alteration of the natural flow regime, elevated water temperatures, the
interruption of the transport of large woody debris and spawning gravels, and the blockage of
access to upstream habitats.

Bull trout spawning habitat is limited by the availability of suitable substrate and water
temperatures. The Green River channel below Howard Hanson Dam and extending downstream
to near Flaming Geysers Park is largely armored due to the interception of coarse sediments by
Howard Hanson Dam (Perkins 1999). A large landslide near Flaming Geysers State Park and
several tributaries, including Soos, Newaukum and Burns Creeks, contribute large amounts of
fine sediment. Most of the tributary streams are also impacted by sedimentation. The
temperature of the water released from Howard Hanson Dam may be too high for successful bull
trout spawning and incubation in the Green River downstream from Howard Hanson Dam, but
springs entering the channel bed may provide suitable conditions. Some of the spring fed
tributaries, both upstream and downstream of Howard Hanson Dam, may also provide suitable
spawning and incubation habitat.

Bull trout rearing habitat is likely limited by high water temperatures and the relative lack of
channel complexity and habitat diversity. The Green River has been listed as water quality
impaired by Washington Department of Ecology (WDOE) (WDOE 2000). It is on the 303(d)
list for the following parameters: elevated temperatures, metals, ammonia, fecal coliform
bacteria, pH, low dissolved oxygen, and high biochemical oxygen demand. However, State
temperature standards themselves may not be adequate for bull trout given that the temperature
standard for the highest class of waters is 16 o C, whereas temperatures in excess of about 15 ° C
are thought to limit bull trout distribution (Rieman and Mclntyre 1993). The removal of riparian
vegetation and large woody debris from the system, the confinement of the channel by levees and
riprap, the elimination of the channel forming flood flows, water withdrawals, and reduced
groundwater recharge have all contributed to degradation of bull trout rearing habitat. As a
consequence, the Green River mainstem probably provides suitable rearing habitat for only a
portion of the year, with spring fed tributaries providing summertime refuge.

The Green River and many of its tributaries provide suitable foraging habitat for bull trout, given
the significant number of chinook, coho (Oncorhynchus kisutch) and chum salmon, and steelhead
trout that are produced within the basin. Other potential prey resources include sculpins, suckers,
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whitefish, and crayfish, as well as a number of estuarine and marine species within the tidally
influenced portion of the lower river.

Gilliam Creek

Gilliam Creek basin is highly developed by urban land uses. This has resulted in increased peak
flows and runoff due to impervious surfaces. The creek is scoured and eroded in its upper
reaches, with sediment deposition in the lower reaches. Gilliam Creek drains into the Green
River with its confluence at RM 12.7. Its basin is composed of 2.9 square miles. The creek has

been fragmented by streets, freeway crossings, residential and commercial development, and
wetland fill.

Gilliam Creek does not have a specific water quality designation by the WDOE. The water
quality designation is determined by its receiving water, the Green River (City of Tukwila 2000),
which is currently listed as impaired.

Chinook, coho, chum, steelhead, and sea-run cutthroat (Oncorhynchus clarki clarki) have been

reported from Gilliam Creek (Partee1999 pers. com. in City of Tukwila 2000, Jones and Stokes
1990 in City of Tukwila 2000). Partee (2000) reports that the correct list for Gilliam Creek is
chinook and coho salmon, and cutthroat trout. Partee (2000) has identified juvenile chinook
salmon in the lower reaches of the creek. Pacific lamprey (Lampera tridentata ), river lamprey
(L. ayresi), rainbow trout (Oncorbynchus mykiss), western brook lamprey (L. richardsoni),
cutthroat trout (O. clarki), sculpin (Cottus sp.), longnose dace (Rhinichthys cataractae),
largescale sucker (Catostomus macrocheilus), three-spine stickleback (Gasterosteus aculeatus),
and speckled dace (R. osculus) may also occur within this creek system (Wydoski and Whitney
1979). There is a flap gate where Gilliam Creek drains into the Green River. Anadromous fish
access to Gilliam Creek is therefore limited, although access by juveniles does occur. There is

potential salmon spawning and rearing habitat in the lower reach of the creek (City of Tukwila
2000).

Miller Creek, Walker Creek and Miller Creek Estuary_

The Miller Creek Watershed is approximately 8 square miles in size. The creek is approximately
4 miles long. At RM 1.8, the creek flows through a ravine. Miller Creek has been altered as a
result of the loss of riparian habitat, and impervious surfaces which has lead to stream
degradation. The estimates of the amount of impervious surfaces range from 23 percent to 49.4
percent.

Benthic macroinvertebrate sampling was performed in Miller Creek. A benthic index of biotic
integrity (B-IBI) of 10 was scored. B-IBI scores tend to decrease with increasing impervious
areas. B-IBI may be as high as 40 plus in Puget Sound lowlands for areas of low impervious
surface (Kleindl 1995 in Karr and Chu 1999). Low B-IBI scores in Puget Sound creeks have
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indicated habitat degradation. Miller Creek has not been listed by WDOE as an impaired stream
(WDOE 2000).

The streambank and riparian condition are variable. The upper sections of the creek are within
urbanized areas, with housing in close proximity to the stream. Native and non-native vegetation
occurs along the streambanks, providing some canopy cover and detrital matter. Some sections
of the creek have been stabilized with hardened structures. The lower section winds through a

private park, which includes its estuary. The park is primarily a grassy area with deciduous trees.
The estuary banks are confined by riprap. The shoreline adjacent to Miller Creek is
predominantly gravel and sand, with some driftwood. The intertidal zone at the mouth of the
creek is composed predominantly of mixed gravel and sand. The creek channel in the upper
intertidal zone contains more cobble than adjacent areas. The estuary channel is vegetated with
green algae.

A water fall at RM 3.1 may be a migration barrier for anadromous fish. No anadromous fish
have been reported upstream of this location, to date. Bull trout are known to ascend waterfalls
that other anadromous fish are unable to pass. No bull trout have been noted within the creek.
Bull trout may use the Miller Creek estuary for foraging. It is unlikely that they forage upstream
of tidal influence due to the low forage base produced in the stream, high water temperatures,
lack of cover, and their inability to osmoregulate rapidly.

Threespine stickleback, pumpkinseed sunfish, black crappie, and cutthroat trout have been found
upstream of the water fall. Cutthroat and coho have been detected rearing below the falls. Chum
salmon spawn in lower Miller Creek. Five chum redds were located in the lower 1.75 miles of
the creek during the 1998-1999 spawning period.

Walker Creek is a tributary to Miller Creek. It enters Miller Creek at approximately 300 ft
upstream from the mouth of Miller Creek. Its watershed is primarily urbanized. Its channel is
approximately 3-ft wide and is incised approximately 1.5 ft. The creek is tidally influenced to
approximately 100 ft of a control weir. Walker Creek is an anadromous fish bearing stream.
Coho and chum salmon redds, and potentially a cutthroat trout redd have been located in the
lower sections of the creek.

Des Moines Creek and Estuary

The Des Moines Creek Watershed is approximately 5.8 square miles. The watershed is
urbanized, with approximately 35 percent impervious surface. Most of the stream in the upper
watershed has been placed in culverts, road side ditches and drainage pipe. The creek is 3.5
miles long, beginning on a plateau, and then descending through a ravine before it reaches Puget
Sound. The Des Moines Creek estuary is located within the Des Moines Creek Beach public
park. Prior to flowing into the estuary, the creek flows through the park, and under buildings
which span the creek.
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Des Moines Creek is listed as a 303(d) stream by the WDOE (WDOE 2000). It is listed as an
impaired water due to high fecal coliform levels.

Fish production in Des Moines Creek is limited due to fish barriers, high stream flows, limited
rearing and overwintering habitat, low summer flows, low dissolved oxygen, and high water
temperatures (Des Moines Creek Basin Committee 1997). Due to high flows, some areas of the
creek have eroded, and the stream bed has been scoured of gravel.

Bull trout have not been noted within Des Moines Creek. Bull trout may use the creek estuary
for foraging. It is unlikely that they forage upstream of tidal influence due to the low forage base
produced in the stream, high water temperatures, lack of cover, and their inability to
osmoregulate rapidly.

In the lower reaches of the creek, coho and chum salmon, steelhead, and cutthroat trout have
been seen. Some spawning in the lower reaches also occurs. A culvert at Marine View Drive
(RM 0.4) limits the migration of fish to spawn upstream. In 1998-1999, 22 coho redds were
found in the first 1.24 miles of Des Moines Creek, with 21 of these redds in the first half mile.
Sixteen chum redds were found during this same time period in the first half mile of the creek.

Puget Sound

Limited information regarding bull trout use of marine waters is available. No specific sub-
population unit is specified for Puget Sound. Bull trout are known to use these waters for
migration and foraging.

Puget Sound has been significantly altered from its original condition. It has been estimated that
one-third of the shoreline in Puget Sound has been altered (PSWQAT 1998). In the eastern side
of Puget Sound's main basin, which includes the action area, approximately 80 percent of the
shoreline from Mukilteo to Tacoma has been altered (PSWQAT 1998). It is not known how the
distribution of eelgrass has been affected over time. Eelgrass is important spawning and rearing
habitat for bull trout forage fish.

Declines in populations, productivity and survival of a number of organisms that live in Puget
Sound have been noted in recent years. This includes declines in the spawning runs of Pacific
herring, rockfish stocks, and coho salmon, as well as declines in over-wintering grebes and
scoters (PSWQAT 1998).

The distribution of the char in marine waters is believed to be closely tied to the distribution of
the bait fish, especially their spawning beaches. A sandlance spawning area is known from less
than one mile north of the Miller Creek estuary. Surf smelt spawning areas are identified
approximately one mile north and south of the Des Moines Creek estuary (WDFW 2000).
Marine observations of native char, including bull trout, nearest to the proposed project site have
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occurred in the tuming basin of the Duwamish River and at Shilshole (W. Mavros, King County,
pers. com. 2001b).

Toxic contaminants have also been released into Puget Sound from various sources, degrading

the aquatic habitat. Some contaminants are in declining levels, which may be a result of
improved pollution control. However, there is some evidence that polyaromatic hydrocarbons
may be increasing in some areas. There has been a higher incidence of liver lesions in English
sole in Elliot Bay, which may be the result of increased polyaromatic hydrocarbons (PSWQAT
1998). The WDFW is conducting tests on Pacific herring, a forage species for bull trout and
marbled murrelet, to monitor the pollutants in Puget Sound (PSWQAT 1998). Results from
the1995 pilot study in Fidalgo Bay showed that Pacific herring accumulated the same type of
contaminants that have been observed for other species in Puget Sound. Some of the
contaminants detected included polychlorinated biphenyls (PCB's), dichloro diphenyl
dichloroethane (DDD) and dichloro diphenyl dicholorethylene (DDE) (metabolites of dichloro
diphenyl tricholoroethane)(DDT)), and metals (i.e., mercury). These levels were within the range
of that observed for other Puget Sound fish species (PSWQAT 1998). The Washington State
Puget Sound Ambient Monitoring Program in the future plans to monitor the effects of PCB
accumulation in the Puget Sound food webs (PSWQAT 1998).

Sea-Tac currently uses deicers, flocculents, petroleum products, pesticides, and herbicides which
may enter the ground and surface water. Existing treatment facilities reduce but may not
eliminate these contaminants in the aquatic system. Existing levels of potential contaminants,
such as copper (Cu) and zinc (Zn), may be at levels which could have acute and/or chronic
toxicity effects on aquatic species.

Des Moines Creek and Miller Creek, and discharges from the industrial wastewater system
(IWS) may currently exceed lethal and sub-lethal toxicity levels for bull trout and their forage
species for Cu and Zn (Eisler 1998) (Table 2). Except for lethal levels for Zn, all potential
impacts are based on values available for other fish species. There is currently no specific
information available for bull trout regarding Cu toxicity or sublethal effects of Zn.

Table 2. Cu and Zn concentrations within action area and sublethal and acute toxicityvalues for
fish species, including bull trout.

Chemical Location

Mouth of Miller Mouth of Des IWS Outfall
Creek Moines Creek

Cu, existing levels, 7 - 45 10 - 24 2 - 30
micrograms/liter_(_tg/
L)
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Cu sublethal effects 4 - 10

(rtg/L)2

Cu LCs0toxicity 42 - 110
value (_tg/L)3

Zn, existing levels 35-234 24-60 7-103

Zn, sublethal and 50-235
lethal effects (p.g/L) 4 4.9-9.8 for the brown trout (Salmo trutta)

Zn LCs0 toxicity 31.9-86.9
value for bull trout,

(_g/L) 5

l Adapted from BA, Tables 7-10 and 7-11.

2 Eisler 1998.

3 Adapted from BA, Table 7-12.

4 Eisler (1993).

5 96 hour and 120 hour exposures at variable temperatures (80C and 12° C), pH (6.5 and
7.5) and hardness (30 mg/L and 90 mg/L), and based on Spearman-Karber and Probit
statistical analyses, Stratus Consulting, Inc. (1999).

Tempo, Banner, Triester, Cidekick, Diuron, Roundup, Crossbow, and Deluxe Turf with Trimec
are included on the list of pesticides and herbicides that may be used on Sea-Tac. Tempo and
Diuron have not been used. The Landscape Management Plan for Sea-Tac currently imposes a
50 ft buffer around waterbodies. A buffer of 50 ft may not adequately prevent some of these
chemicals from entering the aquatic system via surface water and/or groundwater. This plan does
not apply to the proposed mitigation areas and their buffers (J. Kelley, Parametrix, Inc. pers. com.
2000).

Cationic polyacrylamides (PAM) are currently used at Sea-Tac, and are proposed for continued
use to reduce suspended solids from its treatment systems. Sojka and Lentz (no date) state that
neutral and especial cationic PAMs have been shown to have LCs0s low enough for concern to
certain aquatic organisms, whereas, anionic PAMs do not. Cationics are attracted to the
hemoglobin in fish gills, which may result in suffocation. It is noted, however, that when PAMs
are used in waters containing sediments, humic acids, or other impurities, the effects of PAMs on
biota are buffered greatly (Buchholz 1992 in Sojka and Lentz (no date), Goodrich et al. 1991 in
Sojka and Lentz (no date).
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Bald Eagle

The action area is located in the Puget Sound Management Zone, which has the highest density

of nesting bald eagles in Washington. In 1998,298 occupied territories were documented
(WDFW data), which far exceeds the recovery objective of 115 territories.

No bald eagle nest sites are located within the action area. The nearest nest is approximately one
mile east of the action area, near Angle Lake. Bald eagles forage within Puget Sound and the
Green River. It is assumed that the bald eagles occupying the Angle Lake nest site forage

primarily in Angle Lake, though use of Puget Sound is also possible. Angle Lake has been
stocked with rainbow trout and kokanee for a number of years (at least since 1982), therefore
providing a very localized forage base for these eagles.

There is currently a risk of airplane strikes with bald eagles at the airport. However, no airplane
strikes of bald eagles have been reported to date at Sea-Tat. Bald eagles have been seen on, and
flying over and near the airport (Tables 3 and 4).

Table 3. Total bald eagle sightings reported by month at Sea-Tac, 1995 - April 2001.1

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

2001 3 1 5 3

(2)2

2000 3 1 1 1 1 3

(2) (5)

1999 1

1998 1 1 1 1

(2) (2)

1997 1 1

1996 2
(3)

1995 2 1 1 1 1

(3) (2) (2) (2)

Total 5 4 9 5 5 1 0 0 1 4 2 1

(6) (7) (10) (6) (6) (7) (3)

Osmek (2001a)

2Numbers in parentheses represent actual number of birds sighted.
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Table 4. Bald eagle behavior reported at Sea-Tac, 1995 - April 2001. _

Behavior Total Frequency (percent)

Fly (Passing over) 21 (25) 2

Fly (Passing over)/Harassed 1
(by birds)

Total Fly 22 (26) 59

Towerng/Soafing 9 (15)

Towering/Soaring/Harassed 1
(by birds)

Total Towering/Soaring 10 (16) 27

Loafing/Standing 4 (5)

Perching 1

Total 5 (6) 14
Loafing/Standing/Perching

37 (48) 100

Osmek (2001 a)

2 Numbers in parentheses represent actual number of birds sighted.

Based on the information provided by Osmek (2001a), most bald eagle sightings have been
during the nesting and late wintering seasons. The number of bald eagles sighted has increased
over the six and a half year period that was reported. This may be due to two factors: an increase
in observer effort and an overall increase in bald eagle numbers in Washington.

Observations on the airport include the use of the embankment for loafing and use of the VHF
tower for perching (S. Osmek, Port of Seattle, pers. com. 2001b). The embankment is currently
about 50 ft higher than the rest of the airport (excluding facilities). Bald eagles have also been
seen on the infield of the airport (between the runway and the taxiway) (M. Cleland, USDA, pers.
com. 2001). There are likely to be close encounters between bald eagles and airplanes which do
not result in airplane strikes. For example, a bald eagle was recently seen hunting over the Tyee
Golf Course, in proximity to the end of runway 34R (M. Cleland, USDA, pers. com.2001) when
a plane was landing. The majority of landings and take-offs on the runways are from the north
heading south (71 percent). Bald eagle sightings at the airport are primarily in the south (65
percent). The largest risk to bald eagles may therefore occur in the southern portion of the airport
due to the higher number of bald eagles and rake-offs. Airplanes on take-off tend to lift-off at
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about the central part of the airport, and reach an altitude of approximately 1000 fl at the end of
the airport. Bald eagles are more likely flying at a lower elevation at this point in their use near
the airport, especially if they are moving between Angle Lake and Puget Sound.

Bald eagles may also forage near the mouths of Miller and Des Moines Creeks, but specific
information on the use of these areas is not known. Due to the developed nature of and
associated activity at Des Moines Creek estuary, use by bald eagles is likely to be minimal.

Marbled Murrelet

The action area for the proposed project is located in the Puget Sound Conservation Zone
(USFWS 1997) in the marbled murrelet recovery plan. A population estimate for this zone has
not been made. However, Speich and Wahl (1992) have estimated that there are approximately
2,600 marbled murrelets for the Strait of Juan de Fuca and Puget Sound. In this management
zone, the largest number of murrelets is found in the northern Cascades and east Olympic
Mountains and associated marine waters. Murrelets are found most commonly in the near shore
waters of the San Juan Islands, Rosario Strait, the Strait of Juan de Fuca, Admiralty Inlet, and

Hood Canal. They are more sparsely distributed elsewhere in this region, with smaller numbers
observed at various seasons as far south as the Nisqually Reach and Budd Inlet, as well as in
Possession Sound, Skagit Bay, Bellingham Bay, and along the eastern shores of Georgia Strait.
Aggregations ofmurrelets are consistently observed in certain loeations and at certain seasons.
Marbled murrelets use these areas because of food availability, shelter or other ecological factors,
and are also affected by the proximity and availability of nesting habitat.

In Puget Sound, few marine surveys have been conducted in the action area, primarily because
murrelet occurrence is so infrequent. WDFW conducted surveys of Puget Sound from 1993
through 1995 during the marbled murrelet post-breeding season (Stein, J. and D. Nysewander
1999). Although the survey did not include the area specifically within the action area of this
project, it did include areas north and south. These included surveys from Picnic Point to
Edwards Point in the north, and Garden Point to Tatsolo Point, transect from Tatsolo Point to

Sandy Point, transect from Yoman Point to McNeil Island stack, and shoreline from McNeil
Island stack to Hyde Point. As the first survey in 1993 did not locate any marbled murrelets (first
survey for Garden Point to Tatsolo Point occurred in 1994), future surveys of these areas were
discontinued. The majority of marbled murrelet occurrences were documented in the Hood
Canal area (Nysewander pers. com. 2000). Additional information regarding marbled murrelet
occurrences in Puget Sound, including summer occurrences, is provided in Table 5. The
majority of these occurrences are south of the action area.
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Table 5. Marbled murrelet observations in Puget Sound.

Date of Observation Location Number of Birds Observer

NI 2 Saltwater State Park NI T. Bock

NI Redondo Beach 2 (1 pair) T. Bock

NI Narrow's Bridge, Tacoma 2 (1 pair) T. Bock

NI Brown's Point NI T. Bock

NI Dash Point to Des Moines 6 (3 pair) T. Bock

NI Des Moines 4 (2 pair) T. Bock

Summer 1990 Des Moines 6 T. Bock

NI Des Moines 2 (1 pair) T. Bock

NI Brown's Point 12 T. Bock

NI Brown's Point 8 (4 pair) T. Bock

May 26 - June 3, 1993 Brown's Point 35-40 T. Bock

NI Brown's Point 15 T. Bock

May 6, 1996 Brown's Point 8 T. Bock

NI Brown's Point 7 (3 pair) T. Bock

Summer 1999 Eastern Shore of Vashon- NI M. Raphael,
Maury Island USFS

l Adapted from information provided by Norman, D. 2001 in Airport Communities
Coalition. 2001.

2 NI - No information provided.

Anecdotal observations indicate that marbled murrelets may occasionally forage in or near the
Miller and Des Moines Creek estuaries on fish produced in these watersheds (including Walker
Creek) and which migrate to the estuary and Puget Sound. The use of these estuaries and their
vicinity by marbled murrelet, particularly during the breeding season, is likely to be limited due
to low numbers of birds nesting in the nearest habitat, and possibly the lack of preferred prey
species present in this area.

The number of murrelets nesting in the Cascades east of the action area, and using marine waters
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associated with the action area is relatively small. No suitable nesting habitat for marbled
murrelets occurs within the action area. Detections of marbled murrelet exhibiting occupied

behavior associated with nesting habitat, occur between 17 and 45 miles from the action area.
There have been nine marbled murrelet detections (four occupied sites and five detections only)
east of Sea-Tac whose flight path might cross the airport. It is likely that numbers of marbled
murrelets are low in the Cascades east of the proposed project area and in the marine area west of
the project area because of the limited availability of suitable nesting habitat and the degraded
condition of the marine shoreline as a result of urban development.

Outside of marine areas, observations of marbled murrelets in the vicinity of the action area have
been rare. In addition to the detections of marbled murrelets described in the BA, two additional
detections of marbled murrelets are provided in the WDFW data base. These occurred
approximately 8 miles north and south of the action area. These detections were for a marbled
murrelet in flight (1992) and a grounded chick in a person's yard (1974). It is unknown how the
marbled murrelet reached the yard, as it still had down, which could indicate a nearby nest.
A sandlance spawning area is known to be less than one mile north of the Miller Creek estuary.
Surf smelt spawning areas are identified approximately one mile north and south of the Des
Moines Creek estuary (WDFW 2000). However, most spawning areas are disjunct from known
marbled murrelet feeding areas (USFWS 1997). Certain herring stocks in local areas have
probably gone extinct in Puget Sound due to the loss of eelgrass beds, which provide spawning
habitat for this species (Pantella, pers. com. 1996 in USFWS 1997).

Information does not exist to indicate that, other than Pacific sardine and the northem anchovy in
offshore and shelf waters, marbled murrelet prey resources have either increased or decreased in
inner Washington waters from historical ranges (MacCall pers. com. in USFWS 1997, Pantella
pers. com. 1996 in USFWS 1997). Although prey species abundance, such as Pacific herring in
Puget Sound, may have been reduced in certain areas this is not known to affect the overall prey
abundance and their availability for marbled murrelets (USFWS 1997). As a result, insufficient
information exists to state that the overall prey abundance and availability have changed to a
degree that it affects the maintenance and recovery of marbled murrelet populations.

EFFECTS OF THE ACTION

The proposed action may result in a variety of environmental effects, including short-term
negative impacts from construction, and potentially long-term negative impacts from reduced
baseflows and increased peak flows in Miller and Des Moines Creeks and chronic and acute
toxicity due to chemical contaminants. Longer-term positive effects may result from improved
forage fish habitat, and a reduction of sediments and chemical contaminants. There is also a risk
of long-term adverse effects due to potential bird strikes from in-coming or out-going airplanes.
How these impacts affect listed species will be evaluated below.

Bull Trout
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The subpopulation of bull trout in Puget Sound, Miller and Des Moines Creek estuaries, and the
Green River is likely composed of individuals from other spawning streams in the Coastal/Puget
Sound DPS. Bull trout spawning and rearing habitat are not known to be present in Puget Sound,
Miller, Des Moines, Walker, and Gilliam Creek, or the mainstem Green River at this time.
Therefore, bull trout spawning and rearing habitats are unlikely to be affected by the proposed
project. Bull trout habitats that could be affected, therefore, are primarily foraging and migratory
habitat.

The proposed project would result in the construction of mechanically stabilized earth (MSE)
walls in proximity to Miller Creek. Failure of these walls could result in significant impacts to
Miller Creek and the aquatic resources within the creek and the estuary due to filling the creek
and wetlands, and increasing sediment loads. There have been concerns raised regarding the
potential failure of the embankment. FAA has stated that the embankment has been properly
engineered to avoid failures (FAA, pers. com. May 2001). The Corps will be evaluating the
stability of the MSE wall. We also understand that an independent review is being conducted by
the University of Washington on the stability of this wall (M. Walker, Corps, pers. com., 2001).
Should their evaluation determine that there is a high and/or likely risk of failure, we will
reevaluate our determination of the effects of the proposed MSE walls. We currently do not
believe that failure of the MSE walls is reasonably foreseeable, and therefore the effects of its
failure will not be further addressed in this BO.

There are potential long term and short term direct and indirect effects to bull trout from the
proposed project. These impacts include a potential reduction of forage species, exposure of bull
trout to contaminants through surface water and consumption of contaminated forage species,
and physical effects due to sediment. However, due to proposed water quality measures during
construction, potential water quality improvements over baseline conditions, minimal exposure
to potential contaminants, and the very low likelihood for bull trout to be present during
construction or in proximity to the affected areas, we believe that the proposed impacts are not
likely to be significant, as discussed below.

To reduce water quality impacts related to construction of the proposed action, the BA states that
the Washington Department of Ecology standard best management practices are to be
implemented (Table 6).
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Table 6. Summary of the Ecology Manual BMPs generally applicable to Master Plan
construction sites.

Category Applicable BMPs
Temporary cover practices Temporary seeding, straw mulch, bonded fiber matrices,

and

clear plastic covering
Permanent cover practices Preserving natural vegetation, buffer zones, permanent

seeding and planting
Structural erosion control BMPs Stabilized construction entrance, tire wash, construction

road, stabilization, dust control, interceptor dike and
swale, and check dams

Sediment retention Filter fence, storm drain inlet protection, and
sedimentation basins

In addition to the above measures, the BA also commits to the following:

• MPU projects will meet the turbidity standard for Class AA waters. This standard
states that turbidity may not increase more than 5 Nephelometric Turbidity Units
(NTU) over background when background is 50 NTU or less, or register more
than 10 percent increase in turbidity when background exceeds 50 NTU.

• Implementation of advanced BMPs, as needed, including polymer stormwater
batch treatment system or high-volume mechanical filtering devices.

Stormwater quality and hydrology mitigation implemented as part of the Sea-Tac MPU projects
is proposed to improve water quality and hydrologic conditions in Miller and Des Moines creeks.
Improved conditions may occur due to:

• Improved stormwater quality and quantity treatment of runoff from new
development compared to the existing baseline,

• Retrofitting of existing airport facilities to upgrade water quality and quantity
treatment of runoff to King County standards,

• Implementation of improved Ecology BMPs for construction and operation, and

• Mitigation activities in Miller and Des Moines creeks to improve instream habitat
for fish and invertebrates.

Standard sediment and erosion control practices to minimize sedimentation may result in other
potential water quality impacts including solar heating of the stored runoff which could affect
stream temperatures when water is finally discharged. Temperature effects from retained
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construction stormwater are unlikely because significant storms that would result in several days
of water storage during warm weather are rare.

Some MPU project elements include in-water construction (e.g., Miller Creek Relocation, Vacca
Farm restoration, 154thStreet bridge replacement, and culvert replacement on the Tyee Golf
Course) that could cause a direct increase of sediments to Miller and Des Moines creeks.

Degradation of the natural bank and stream will occur due to relocating and dewatering
approximately 980 fl of the existing Miller Creek channel, and habitat enhancement activities.
Some increased turbidity is likely to occur due to construction activities in-stream and along the
banks. Construction elements for the stream relocation and the floodplain expansion occur
concurrently, and are expected to occur during the driest time of the year, taking approximately
15 weeks, beginning in late June and ending by early October.

De-watering of Miller Creek within the project area will impact invertebrates inhabiting the
substrate. These organisms could represent a potential food source for bull trout, but are
primarily a food source for their forage fish. As the channel will only be dewatered for
approximately 2 weeks and nearby sources of invertebrates are likely to recolonize the affected
area following re-establishment of stream flows, the impact to bull trout is likely to be minimal.

Downstream of the floodplain and buffer enhancement areas at the Vacca Farm site, a 100-fl
buffer will be established along the west side of approximately 6,500 linear fl of Miller Creek
(within the acquisition area). Buffer averaging will be used on the east side of the creek, where a
minimum 50-ft buffer will be established. Where the embankment design allows, buffers will be
increased so that the average buffer width is 100 ft. A 100-ft buffer is also proposed on the West
Branch of Des Moines Creek. The buffer enhancement should improve creek habitat over
existing conditions. However, a 100-ft. buffer may not fully protect the aquatic resources. A
100-fl buffer may not adequately provide for sources of large woody debris. Large wood
delivery into streams lessens at distances greater than one site potential tree height (FEMAT
1993). On the west side of the Cascades, one site potential tree height equates to approximately
150 ft.

Foraging bull trout are likely to be found in close association with their forage species. A
sandlance spawning area is known from less than one mile north of the Miller Creek estuary.
Surf smelt spawning areas are identified approximately one mile north and south of the Des
Moines Creek estuary (WDFW 2000). Miller and Des Moines Creek estuaries may be used
primarily as migration corridors for bull trout, with occasional foraging occurring on salmonids
produced in these creeks. Since we believe that their primary forage base is not found within the
Miller and Des Moines Creek estuaries, bull trout are unlikely to use these areas for extended
periods of time. Therefore, their exposure to any potential increased sediment or contaminants
which may enter the Miller or Des Moines Creek estuaries, or consumption of forage species
which may have accumulated any contaminants from discharges associated with the proposed
project, are reduced and likely insignificant.
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Construction activities at the Auburn mitigation site could result in increased sediment inputs to
the Green River. Prior to construction, the Auburn mitigation site will be dewatered. The

pumped water will be discharge to the Green River about 1 mile north of the site via an existing
drainage channel and outfall at South 27T h Street. Dewatering will occur from approximately
May 2001 through September 2001 for one or two seasons. The volume of dewatering water will
be very small (2-8 cfs) compared to typical Green River flows (250-2000 cfs that occur during
months when the system will operate), and therefore, unmeasurable and insignificant changes to
river flows are expected. The existing farm drainage ditch between the site and South 277 th
Street will later be enlarged to create the outlet channel for the wetland. Discharged water will
meet state water quality standards, and include pre-discharge treatment for sediment removal if
necessary. Following dewatering, the mitigation site will be excavated and planted.

Pumped ground water may contain some sediments, but levels are not expected to be high.
During excavation and until vegetation has formed adequate cover, turbid water may leave the
site via the drain system, which eventually enters the Green River. Due to the proposed water
quality controls and low levels of sediment which may be discharged, the distance from the
project site to where the flows enter the Green River (thus allowing for some settling of
sediments), and low likelihood for bull trout to be present near the existing outfall of the Green
River, impacts to bull trout are expected to be insignificant.

During flood events, the Green River will back water into drainage channels and the wetland
mitigation site (events greater than the approximate 10-year flood). The existing flap-gated
culvert on the Green River, in its existing condition, may allow bull trout to access the drainage
channel, where stranding may be possible. However, there is a low probability that bull trout
access the drainage ditch through the drainage pipe. If bull trout do access the ditch, it is not
anticipated that they would swim upstream to the mitigation site due to the lack of favorable
conditions in the ditch and the minimal numbers of forage species present.

As bull trout are unlikely to be found within Miller, Walker, Des Moines, and Gilliam Creeks, as
previously discussed, direct effects to this species in these waterways are unlikely. Indirect
impacts may result due to impacts to bull trout forage species within these water bodies due to
changes in flow, sediment discharges and chemical toxicity. However, based on the
minimization measures proposed, these effects are likely to be minimal.

Indirect impacts caused by increases in impervious surfaces within a basin can increase the peak
flows (duration and frequency) in receiving streams because the conversion to impervious
surface speeds runoff and decreases infiltration and evapotranspiration (May et al. 1997). When
a watershed's natural runoff cycle is modified by stormwater runoff, abnormal high flows
increase erosion and destabilize channels during the wet season, and low summer flows are
diminished due to lack of groundwater recharge. This limits fish populations by a number of
interrelated mechanisms (Scott et al. 1986; Weaver et al. 1994; Whiles et al. 1995).

The proposed project will result in an increase of impervious surfaces as follows: approximately
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106 acres (net) in Miller Creek watershed; approximately 6 acres in Walker Creek watershed;
and approximately 128 acres in Des Moines Creek watershed. No increase in impervious
surfaces is proposed for the Gilliam Creek watershed.

To minimize impacts from increases in impervious surfaces within these watersheds, stormwater
management actions are proposed to reduce and minimize peak flows. Detention facilities will
be sized to meet King County Level 2 flow control standards. These standards require that the
flow duration of post-developed runoff match the pre-developed flow duration for all flow
magnitudes between 50 percent of the 2-year flow event and the 50-year flow event.

The proposed project may result in reduced baseflows within Miller and Des Moines Creeks.
Existing baseflows in Miller and Des Moines Creeks are approximately 1.8 cfs and 2.4 cfs,
respectively. A reduction of approximately 4 percent (0.07 cfs) in Miller Creek baseflows and 7
percent (0.17 cfs) in Des Moines Creek baseflows was projected by Pacific Groundwater Group
(2000). For Miller Creek, this equates to a reduction of approximately 1/8 inch to 1/4 inch in
depth. In Miller Creek, there may be lower winter flows, but higher summer flows as a result of
the potential for more groundwater infiltration with the project than currently exists. No
information is available in the change in depth for Des Moines Creek. Additional streamflow
analyses were conducted by Earth Tech, Inc. (2000) which also predicted reduced streamflows
for both Des Moines and Miller Creeks during the low flow periods of August and September.
Stream flows for Walker Creek were predicted to increase during August and September, 0.008
cfs and 0.010 cfs, respectively, as a result of pervious fill recharge and secondary impervious
recharge. No net change in 7-day/2-year low flow is anticipated for Walker Creek. For the 7-day
duration/2-year frequency stream discharge, a deficit of 0.10 cfs for Miller Creek at the SR 509
crossing and 0.08 cfs for Des Moines Creek were predicted. The reduction in baseflow may
affect forage fish species. To minimize these impacts, reserved stormwater releases are proposed
to be provided to Miller and Des Moines Creeks to off-set these reduced flows. The stormwater
needs are calculated as 8.9 acre-feet for Miller Creek and 7.1 acre-feet for Des Moines Creek.

The stormwater would be released at a prescribed rate, aerated, and discharged to the stream.
Augmentation of baseflow in Des Moines Creek is also proposed using an existing Port owned
well on the Tyee Golf Course. However, there are unresolved water rights issues with use of this
well; therefore, other augmentation measures are being investigated. The well currently draws
water from two zones. The Des Moines Creek Basin Plan includes inserting a casing and
"packing off" the upper zone to eliminate potential wetland impacts resulting from well
pumping. The Des Moines Creek Basin Committee would be responsible for implementing the
use of the well for baseflow augmentation. Please see Table 7 for a summary of potential low
flow changes.
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Table 7. Summary of Des Moines, Miller and Walker Creek Streamflow Effects _.

Creek HSPF Model Stream Flow (cfs) Predicted 2006 Net Change
Conditions (cfs) 2 from 1994

1994 1996 Conditions (cfs)

Des August 1.08 1.07 1.15 +0.07
Moines

Sept 1.64 1.73 1.81 +0.17

Aug./Sept 1.36 1.40 1.48 +0.12

7-day/2- 0.35 0.27 0.35 0
year low
flow

Miller August 1.27 1.10 1.31 +0.04

Sept 1.50 1.40 1.55 +0.05

Aug/Sept 1.39 1.25 1.43 +0.04

7-day/2- 0.79 0.64 0.79 0
year low
flow

Walker August 0.033 0.031 0.041 +0.008

Sept 0.035 0.039 0.045 +0.010

Aug/Sept 0.034 0.035 0.043 +0.009

7-day/2- 0.021 0.015 0.021 0
year low
flow

Based on Earth Tech, Inc. (2000).

2 Flows based on the sum of 2006 HSPF streamflow, fill pervious recharge, non-hydrologic
changes, secondary impervious recharge, and reserved stormwater release, as appropriate.

With the successful implementation of the proposed mitigation within the Miller and Des Moines
Creek watersheds, the proposed action may benefit fish species due to improved riparian and
instream conditions. The removal of structures near the stream channel, elimination of water
withdrawals within the action area of Miller Creek, reduced turbidity, increased riparian
vegetation, and augmented summer flows in Des Moines Creek should result in improved
instream conditions in the long term for bull trout prey species. It is expected that baseline

39

AR 012598



production for salmonids should be maintained or improved with successful implementation of
the proposed mitigation as described in the BA and supporting documents. Even if the projected
streamflows are not achieved, and potential forage species for bull trout are impacted (i.e.,
reduced spawning grounds, reduced survival due to increased temperatures, increased stranding,
reduced flows, dewatering, and/or a reduction in invertebrate forage), we do not anticipate these
levels to be reduced to such an extent as to significantly impact this listed species. Potential
forage fish currently produced in Miller, Des Moines, and Walker creeks are believed to
represent an insignificant portion of the available forage base for bull trout in Puget Sound.

There is a potential for contaminated leachate to enter Miller Creek from the embankment fill, as
well as for terrestrial organisms to expose and possibly bioaccumulate toxic materials that are
contained in the fill material. Exposure of bull trout, bald eagles and marbled murrelets could
potential result in impacts to these species. Some fill materials which have been accepted for use
as part of the proposed action are known to contain DDT, PCBs, PAHs, and mercury (Table 8).

Table 8. Detected contaminants in fill material for the Sea-Tac MPU/.

Contaminant Maximum Level Detected Maximum Level Detected

(USCOE _) (Boeing_)

Total DDT 14 parts per billion (ppb) no detection

Total PCB 160 ppb no detection

PAHs (Carcinogenic) no detection 459 ppb

Mercury 0.074 parts per million (ppm) 0.51 ppm

Corps detections, Hamm Creek Restoration Site, sampled June 16 and 17, 1997.

2 Boeing detections, Hamm Creek Restoration Site, sampled April 17 and 18, 1990.

The Port is accepting fill material which generally meets the Model Toxics Control Act (MTCA)
Method A contaminant levels. The Port may determine that specific material that does not
satisfy MTCA Method A contaminant levels is appropriate for placement in a specific project
location and will consult with the Washington Department of Ecology (WDOE) for approval
prior to placement. Material that is obtained from state-certified commercial borrow pits is
generally accepted for airport airfield projects without source-specific environmental
certification. State certified materials are those that the Washington Department of
Transportation has found to have geotechnically suitable material. The Washington Department
of Transportation testing does not include testing for contaminants. Over 50 percent of the soil
that the Port has placed to date has been from large pits. Most of these pits are state-certified and
do not have historical sources of contamination. To date, all fill material accepted by the Port
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has met the requirements of the Port/WDOE 1999 airfield project soil fill acceptance criteria,
which includes the Method A standards for MTCA.

Limited information is available regarding effects of contaminants on bull trout. The lake trout,
S. namaycush, a closely related species to bull trout, is the most sensitive species known for early
life stage mortality associated with exposure of embryos to tetrachlorodibenzo-dioxin and related
compounds. However, Cook et al. (1999) looked at the effects of 2, 3, 7, 8-Tetrachlorodibenzo-
p-dioxin (TCDD) and polychlorinated biphenyl (PCB) 126 on early life stages of bull trout.
Preliminary data indicated that bull trout are approximately three times more sensitive to TCDD
than lake trout.

To ensure that leachate from the embankment fill does not result in contamination of aquatic
resources in and adjacent to Miller Creek, and to reduce the risk to terrestrial organisms, the Port

has agreed to the following measures, which are summarized below (see Enclosures 1 and 2 for
the complete text): -- -,

8. No soil will be accepted that exceeds MTCA Method A standards for Resource
_, Conservation and Recovery Act (RCRA) metals (Table 9) or organochlorines. If the Port

considers placement of fill material that does not meet MTCA Method A Standards, the
Port will discuss the results with the Service and reinitiate consultation, as appropriate.
To mitigate stormwater runoff impacts on Miller and Des Moines creeks, the flow control
standards adopted by the Port will comply with the approved MPU FEIS (FAA 1996), the
Governors Certificate (Locke 1997), the King County Surface Water Design Manual
(King County DNR 1998), and the Ecology Manual. The drainage layer cover (that layer
immediately above the drainage layer of the embankment) will be composed of "ultra-
clean" fill (as described below). It will measure at least 40 ft thick at the face of the
embankment and will reduce in height to the east at a rate of 2 percent.

9. No soil will be accepted for the drainage layer cover that exceeds the back-calculated
values in the second column of Table 9, unless the Synthetic Precipitation Leaching
Procedure (SPLP) confirms the suitability of the soil, as described in Appendix 1,
Attachment A, l(b)(iv). The Port will consult with the FWS if site-specific data is
collected which may merit a recalculation of the three phase model soil concentrations in
Table 5, and reinitiate consultation, as appropriate.

10. If soil in the drainage cover layer exceeds background concentrations of metals, as stated
in column 6 of Table 9, SPLP testing will be conducted to demonstrate that MTCA
Method A criteria are protective of the baseline conditions for surface water receptors.

11. The Port will require testing for organochlorines where such compounds may be present.

12. Soils found to contain organochlorines at concentrations below Three Phase Partitioning
Model concentrations (adjusted for PQLs) will be deemed acceptable. No soil will be
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accepted for the drainage layer cover that exceeds Three Phase Partitioning Model
concentrations unless SPLP testing confirms the suitability of the soil.

13. The surficial three feet of fill will be screened to not exceed the Proposed Ecological
Standard or MTCA Method A, which ever is less.

14. The Port shall develop a plan to monitor the quality of seepage from the drainage layer
beneath the embankment fill. Should monitoring detect adverse impacts to aquatic life in
the project area, the Port shall reinitiate consultation as appropriate and implement
measures to address such impacts.

42

AR 012601



•-- .-, ¢) o o ,.--, ,---,

.._ _" 0 r- _' - _, .-I _ "=:
?,

d=

"t:::: _ " _ ,_"_ = _ - _ _ "_ o

0 .c:

t¢3 _ t",l 0 O0 _ 0 *-"

•- 0 8 _ _.-- _ ._ Ox _ 0 0
.,.'-- o m. _ rm "-'-- 0

.=_ = "-__
-_ _ < < _t¢_ 0,1 ""_

---_ _ Z _ Z _ Z Z _ _ .=.

<
,.o o

L_ ._o

.-_ _ << _-_ _'-¢') _ O,I ¢,)_ o _ o _ - z z _ _._,_

o --,-'_ -_
•._, 0"_. b.O _ 0 u-_ c'q .-,

._ .=: _= _ oo 0 ,--- "_ 0 .-, 0oo 0 0 u'_ ,-.-, _-)
"= _'E_ = _ o Z _ c_ c5 v--

• _ O0 °

_, _ o__._ o,,
-o "6 "8" _ _ _"_ 0 0 ..

"" =S "" _o = _ _ ,__o_8 = E _ _ "_ _.

AR 012602



_ _ -
• 0 _ ._ _

•"- o o ..-

> _ ._ [-, .= _ "_ _ o_

_._ "_ 0

o o o o _ _ o = .o _ .n ._

___< _ = _.o _ _ _:_ o_

._ o_ _ °o_
•" 0 _ _ _ 0

} _
o_ _ ° o o_ _ _ o_t._ "_ _ _ ._._

_= o° _=_ _

oo .

AR 012603



,_.,,
O
¢J3

Q
;>_

0_
0_

ra"3

;>

o

L,

AR 012604



In addition to these measures, the exposure to terrestrial organisms is further reduced as portions
of the embankment are paved, and therefore, species cannot come into contact with fill material.
Also, the Port actively manages the airport to dissuade the use of terrestrial organisms due to
potential aircraft safety issues. Although some wildlife, such as small birds and rodents, may use
and feed in areas of embankment fill, the numbers are expected to be low. It is anticipated that
organisms which may utilize the embankment would provide a minor food source for bald eagles
and there would be a low risk ofbioaccumulation occurring should this listed species feed on
these organisms.

Des Moines Creek and Miller Creek, and discharges from the IWS may currently exceed sub-
lethal toxicity levels for bull trout and their forage species for Cu based on values available for
other fish species (Eisler 1998) (Table 2). No specific information on Cu toxicity is available for
bull trout.

IWS discharge rates will increase as a result of the proposed action. The plume from the IWS
outfall diffuser is located at a depth of 156 fl to178 ft, 1,800 feet offshore in Puget Sound, and
could raise baseline levels above ambient within 65 meters (213.2 r) of the outfall. Bull trout
could occur within this zone. Bull trout may also occur at the mouths of Des Moines and Miller
Creeks. However, bull trout are unlikely to be exposed for long periods of time to chronic toxicity
levels. Bull trout are opportunistic feeders, and their presence within an area of the marine
environment is based largely on the forage base present. Cu is known to interact with many
compounds in water. The amount of Cu compounds and complexes in solutions depends on many
factors, including water pH, temperature, and alkalinity, as well as the concentrations of
bicarbonate, sulfide, and organic ligands (USEPA 1980 in USGS 1998). The toxicity of Cu will
depend on the interactions it has with other compounds. For example, mixtures of Cu and Zn salts
are more-than-additive in toxicity in the marine and freshwater environment (Eisler and Garner
1973 in USGS 1998, Birge and Black 1979 in USGS 1998, Hodson et al. 1979 in USGS 1998).
However, sequestering agents, increasing salinity, sediments and other variables reduce the
toxicity of Cu in invertebrates and aquatic plants that have been tested (USGS 1998). Mortality
from Cu to bony-fish is reduced in waters with high concentrations of organic sequestering agents
(Hodson et al. 1979 in Eisler 1998). In rainbow trout, high salinities resulted in lower Cu toxicity
(Wilson and Taylor 1993 in Eisler 1998).

The proposed project may result in a minor increase or possibly a reduction of Cu over existing
levels due to the proposed conversion of land use from residential to open space and runway and
taxiways, based on information provided in the BA and additional information provided by the
consultants (Table 10).
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Table 10. Estimation of Cu concentration change for Sea-Tac. _

Runway/Taxiway Residential Commercial Open- Total
Space Cu

gg/L

Cu gg/L 26 20 32 10
(median)

Existing 149.2 373.7 0 0
Conditions

(acres)

Existing 3,879 7,474 0 0 11,353
Conditions

(acres * Cu
gg/L)

With Project 343.5 0 7.3 172.1
(acres)

With Project 8,931 0 234 1,721 10,886
(acres * Cu

 g/L)

Based on information provided by Parametrix, from J. Lynch dated April 20, 2001.

The BA states that the median level of Cu from the runway and taxiway areas is 37 gg/L. This
value has been updated based on two years of additional water quality data, and is currently
calculated as 26 gg/L of Cu. Data for residential areas was assumed by the consultants to be
similar to the data available for King County Metro of 20 gg/L. It was also assumed that any open
space areas converted from residential would have a lower Cu value. Ten !ag/L was estimated as
the value for open-space based on the consultant's best professional judgement.

The Cu values cited for residential areas may not represent the Cu values currently discharged
from the residential areas in the project area as the data used is a composite from King County
rather than site specific information. Additionally, some of the residential area is misclassified.
For example, Vacca Farms should be classified as agricultural lands, which may have a different
Cu value from that presented. Therefore, the above values do not accurately predict existing or
future conditions for Cu. However, we believe it is likely that lands that will be taken out of
residential use and converted to open-space should result in a reduction of Cu being generated for
this land use type. Taking into account the revised Cu discharges levels from Sea-Tac and the
conversion of residential areas to open-space lands which should result in less Cu being generated

over existing levels, we believe that the predicted Cu discharges are not likely to increase
significantly over baseline values and may, in fact, be reduced.

Therefore, due to the relatively low production of forage fish in Miller and Des Moines Creeks,
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and the low forage base level near the outfall, limited exposure of bull trout to potential chronic
toxicity levels, and potentially minor increase or decrease of Cu over existing conditions, affects
from Cu are likely to be minimal compared to baseline conditions.

Zn levels within Des Moines and Miller Creek estuaries, and discharges from the IWS (Table 2)
currently exceed acute toxicity levels for bull trout based on studies conducted by Stratus
Consulting, Inc. (1999). Acute toxicity analyses were performed for bull trout with regard to Zn
and cadmium (Cd) (Stratus Consulting, Inc. 1999). Bull trout had a lethal concentration for filly
percent of the test animals (LCs0s) ranging from 31.9 lag to 86.9 lag Zn/L, with an average value of
54 lag Zn/L. Higher hardness and lower pH water produced lower toxicity of Zn and Cd in bull
trout, but higher water temperature increased their sensitivity to Zn. Several trends have been
noted regarding the affects of Zn on fish: 1) freshwater fish are more sensitive to Zn than marine

species; 2) embryos and larvae are the most sensitive developmental stages; 3) effects are lethal or
sublethal for most species in the range 50-235 lag Zn/L and at 4.9-9.8 lag Zn/L for the brown trout
specifically; and 4) behavioral modifications, such as avoidance, occur at concentrations as low as
5.6 lag Zn/L (Eilser 1993). Impacts to reproduction may be one of the more sensitive indicators of
Zn stress in freshwater teleosts, with effects evident in the 50-340 lag Zn/L range (Spear 1981 in
Eisler 1993).

The toxicity of Zn to aquatic organisms depends on the physical and chemical forms, the toxicity
of each form, and the degree of interconversion among the various forms (Eisler 1993).
Suspended Zn has minimal effect on aquatic plants and fish, but many aquatic invertebrates and
some fish may be adversely affected from ingesting enough Zn-containing particulates (EPA 1987
in Eisler 1993). Freshwater fish are affected by Zn toxicosis by destruction of gill epithelium and
consequent tissue hypoxia. Osmoregulatory failure, acidosis and low oxygen tensions in arterial
blood, and disrupted gas exchange at the gill surface and at internal tissue sites are all indicators of

acute Zn toxicosis in freshwater fish (Spear 1981 in Eisler 1993). Zn may also affect fish immune
systems (Ghanmi et al. 1989 in Eisler 1993). Additionally, combinations of Zn and Cu are
generally more-than-additive in toxicity to a wide variety of aquatic organisms, including
freshwater fish (Skidmore 1964 in Eisler 1993; Hilmy et al. 1987a in Eisler 1993) and marine fish
(Eisler and Gardner 1973 in Eisler 1993; Eisler 1984 in Eisler 1993).

There are a number of factors which are known to modify the biocidal properties of Zn in aquatic
environment. Zn tends to be more toxic to embryos and juveniles than to adult, to starved
animals, at elevated temperatures, in the presence of Cd and mercury, in the absence of a chelating
agent, at reduced salinities, under conditions of marked oscillations in ambient Zn concentrations,
at decreased water hardness and alkalinity, and at low dissolved oxygen concentrations (Skidmore
1964 in Eisler 1993; Weatherley et al. 1980 in Eisler 1993; Spear 1981 in Eisler 1993; EPA 1987
in Eisler 1993; Paulauskis and Winner 1988 in Eisler 1993).

Although the existing levels of Zn typically exceed those levels detected to have an acute effect on

bull trout, the toxicity values are based on 96 and 120 hours of exposure. It is unlikely that bull
trout will remain in proximity to the mouths of Des Moines and Miller Creeks, or in the vicinity of
the IWS outfall for this length of time. Chronic toxicity levels of Zn were not tested and are not
known for bull trout. Chronic toxicity levels would be expected to be lower than acute levels.
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Again, bull trout exposure at these sites to acute or chronic levels is expected to be minor due to
the low likelihood of their feeding or occupying these areas for a significant length of time.
Additionally, Zn levels may be reduced from existing levels due to the conversion of residential
land use to airport runway and taxiway areas based on information provided in the BA as well as
from the Washington Department of Ecology NPDES permit for Sea-Tac (WDOE 1998). The
predicted levels of Zn may affect other fish or invertebrate species which occupy these water
bodies. For example, the LC 50values listed in the BA for chinook salmon (446 _tg/L) and brook
trout (2,100 _g/L) are higher than those found by Stratus Consulting, Inc. (1999) for rainbow trout
(27.3 _tg/L to 447 _tg/L). Therefore, although the data indicates that acute toxicity standards may
not be exceeded for some species, prey species for bull trout and their forage fish may be affected
by the levels of Zn occurring in these waters. However, we believe that the effects of Zn to bull
trout as a result of the proposed project are likely to be minimal compared to existing baseline
conditions.

Additionally, the proposed action includes improved stormwater treatment over existing
conditions. Currently, approximately 166.2 acres of the 479.1 acres of pollutant generating
impervious surface (PGIS) (the area requiring water quality treatment best management practices)
are untreated. With the proposed project, approximately 80 acres will remain untreated due to
proposed retrofitting of existing facilities or conversion from a PGIS to a non-PGIS status
(approximately 7.3 acres). This increased treatment of stormwater includes source controls and
additional best management practices, including wet vaults and bioswales. Based on the increased
stormwater treatment over existing conditions, even with the new development which will also be
fully treated, there is a potential improvement over existing water quality conditions.

The Port has committed to removing Tempo and Diuron from the list of allowable chemicals
currently included for use on the airport (K. Smith, Port of Seattle, pers. com., 2001). The other
pesticides and herbicides do to not pose as great a risk to aquatic species as do Tempo and Diuron
(Meister 1995). In addition to the chemicals already included for use on Sea-Tac, the BA
proposes to use 2,4-D amine and Garlon in the Green River mitigation area. No use of herbicides
is proposed within other mitigation areas. Due to limited exposure bull trout would have to these
chemicals, the effects are likely to be minimal.

Advanced stormwater treatment systems that use flocculation agents could potentially add
chemicals to stormwater runoff. The potential water quality impacts from the advanced
stormwater treatment BMPs used to control turbidity include changes to pH and the toxicity of
treatment compounds. The draft Ecology Stormwater Manual Update includes a BMP for
Construction Stormwater Chemical Treatment (Ecology 1999b). For its treatment regimes, the
Port has used both organic polymers, such as CatFloc, and inorganic compounds such as alum.
The use of cationic PAMs may result in impacts to forage fish and bull trout. However, due to the
potential for buffering of treated water from sediments and the limited exposure bull trout may
have to this chemical, the effects are likely to be minimal.

Bald Eagle

The proposed action is unlikely to result in significant impacts to bald eagles. Impacts are
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expected to be minor since no bald eagle nesting territories occur within the action area and no
potential nest trees will be removed. If permits to construct the third runway are obtained, the fill
currently elevating the embankment 50 fl above the airport ground would be leveled and no longer
serve as a perching area for bald eagles. Although trees within the MPUI are proposed to be
removed, there is a low likelihood that they are used for perching due to the small forage base in
Des Moines and Miller Creeks. Also, due to the high amount of noise generated by the airport,
bald eagles are less likely to frequent this area in high numbers. Bald eagles may use the Tyee
Golf Course area to forage for waterfowl. There is likely to be a reduction in waterfowl use of this
area due to its conversion to scrub-shrub wetlands and airport facilities. This could result in a
reduction in bald eagle foraging in this area over baseline conditions, should it currently occur.
However, due to the existing human use and disturbance of this area, loss of this area as a possible
foraging base is not expected to be significant to bald eagles. Additionally, since no additional
habitat is provided by the proposed airport facilities, flight paths of bald eagles over the airport
are not anticipated to increase due to the proposed project.
Runway 34R, which is the runway closest to Angle Lake, will be extended by 600 ft. It is
estimated that larger planes will use the additional runway extension several times a year over
existing conditions (E. Levitt, Port of Seattle, pers. com., 2001). Bald eagles flying from the nest
site are likely to be at a lower flight elevation than planes that may be landing. Although there is a
risk of collisions of bald eagles with airplanes due to the extension of this runway, the risk is
anticipated to be minimal due to the few additional flights which will use this part of the runway
over existing conditions. Additionally, most bald eagles are likely to be below 1000 ft. when
planes are taking off from the airport, thus avoiding being struck by a plane.

No air strikes of bald eagles have been documented at Sea-Tac. There are a number of
"unidentified" species that were struck by aircraft at Sea-Tac between 1991 and 1997. Of this
total of 53 birds, 19 were small, 1 was large, and 33 were unknown (FAA 1999). Bald eagles
have been identified in bird strikes by civil aircraft in the United States (FAA 1999). In a national
report on bird strikes, out of a total of 22,320 bird strikes reported between 1990 and 1998, 20
were bald eagles and 32 were unidentified hawks, kites, and eagles. At least an additional 7 bald
eagle strikes have occurred since 1998 (S. Wright, unpublished data). None of the eagle strikes
reported were in Washington. The majority of the eagle strikes occurred in Alaska. Bird strike
information is not required to be reported to FAA, and it is estimated that only about 20 percent of
the bird strikes are reported, therefore the number of strikes is likely to be an underestimate (FAA
1999). Most bird strikes (53 percent) result during takeoff and climbing. Over 55 percent
occurred within 99 ft above ground level and approximately 87 percent occurred within 2,000 ft
above ground level (FAA 1999). Although bald eagles may be at risk of airplane strikes, the risk
can be very low. Only one unconfirmed bald eagle strike in 1989 has been documented for
Whidbey Island Naval Air Station, a site which is on Puget Sound north of the proposed project
site and has daily use by bald eagles (M. Klop, Whidbey Island Naval Air Station, pers. com.
2001). Due to the large size of the bald eagle, should an air strike have occurred at Sea-Tac, it
would be assumed that the bird would have been identified prior to contact or some body parts,
including feathers, would still be identifiable. Even though reports of bird strikes are not required
by FAA, Sea-Tac twice daily performs runways searches which would likely find signs of wildlife
strikes should they occur. No bald eagles have been reported as a result of these searches.
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Therefore, although there is a risk of an air strike of a bald eagle at Sea-Tac, we do not believe that
this risk is significantly increased as a result of the proposed action

Concerns have been raised that air strikes of bald eagles might occur as this species may use

thermals produced by the proposed retaining wall. It is unlikely that bald eagles would utilize the
area near the retaining wall due to the lack of forage. Additionally, bald eagles primarily hunt
from perches as opposed to soaring. Therefore, the risk of airplane strikes of bald eagles from
their use of thermals is expected to be minimal.

The proposed on-site and off-site mitigation for the project could have some minor long term
benefit for the bald eagle should it be successful. The proposed improvements to Miller and Des
Moines Creeks may improve the forage base for bald eagles. However, bald eagles are not likely
to forage in the upper watersheds. The creeks are relatively narrow with some canopy, limiting
the ability of bald eagles to forage effectively. The proposed off-site mitigation may also have a
beneficial effect on bald eagles, should it be successful, due to the potential to enhance waterfowl
habitat, as waterfowl are prey for the bald eagle. However, depending on the amount of future
disturbance due to increased development in the vicinity of the Auburn mitigation site, use of the
site by foraging bald eagles may be minimal.

Marbled Murrelet

The proposed project is likely to result in insignificant impacts to marbled murrelets. Suitable
marbled murrelet nesting habitat does not occur within the action area, including the off-site
mitigation area. The nearest potential habitat to the east of the action area is approximately 32
miles away. The nearest known occupied site is approximately 36 miles away. Potential foraging
habitat is present at the mouths of Miller Creek and Des Moines Creek, and within Puget Sound.
Although the proposed project may result in some short term impacts to potential prey species
(i.e., salmonids) that occur within Miller and Des Moines Creeks, salmonids are not known to
form the primary diet of marbled murrelets. Thus, the effect to marbled murrelets from any
impacts to the salmonid prey base would be minimal. There is a potential for a long term benefit
to marbled murrelets should the proposed mitigation successfully enhance fish habitat and result
in increased fish production within these creeks. However, as stated above, this benefit is likely to
be minor as salmonids do not form the primary diet of the marbled murrelet.

Impacts from air strikes are unlikely. No air strikes have been documented for marbled murrelets
at Sea-Tac. Although there are a number of"unidentified" species which have been struck by
airplanes, the likelihood of aircraft striking marbled murrelets is considered insignificant. This
conclusion is based on: 1) no alcids have been identified in any reported wildlife strikes to civil
aircraft in the United States between 1990 and 1998 (FAA 1999); 2) marbled murrelets typically

fly at altitudes greater than 2,770 ft (1,000 meters) in altitude when leaving the ocean to nesting
habitat (Burger 1997) and most air strikes are within 900 ft above ground level (FAA 1999); and
3) marbled murrelets are fast fliers and can move quickly to avoid collisions, while the majority of
bird strikes involve slower flying birds. Additionally, due to the rarity of marbled murrelets, few
are likely to fly over Sea-Tac, therefore the risk of air strikes is reduced. Despite the numerous
surveys which have occurred within this area, there have only been nine marbled murrelet
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detections (four occupied sites and five detections only) east of Sea-Tac whose flight path might
cross the airport. The majority of marbled murrelet sightings and detections for nesting and
foraging are north and south of the project area. Their travel paths are unlikely to cross the airport
between nesting and foraging locations. Although this does not represent all marbled murrelets
which might travel near Sea-Tac between Puget Sound and the Cascades, it does demonstrate the
small population that has been found to date.

CUMULATIVE EFFECTS

Cumulative effects include the effects of future state, tribal, local or private actions that are

reasonably certain to occur in the action area considered in this biological opinion. Future Federal
actions that are unrelated to the proposed action are not considered in this Section because they
require separate consultation pursuant to Section 7 of the Act.

Three broad categories of cumulative effects which may occur in the action area include: 1)
growth and development; 2) forest management; and, 3) other management actions. Growth and
development refer to permanent loss of suitable habitats. Growth and development actions
include conversion of forest habitat to urban, other residential, commercial, or agricultural uses,
and for structures or networks providing infrastructure support such as hydro power and irrigation
diversions, roads, and power-lines. Forest management refers to temporal and spatial changes
from other state or private actions in suitable habitats across the landscape in the action area.
Examples include age or structural changes resulting from harvest and other forest-management
actions such as planting, pruning, fertilizing, forest growth, and wildland fires. Other
management actions refer to actions within suitable habitats which impact habitat structures or
composition such as recreation, grazing, fishing, and mining. Each of these categories of impacts
may result in the loss of secure habitat for species using suitable habitats within the action area.
Examples of this include physical displacement, exposure to contaminants, and declining air and
water quality. The proposed MPUI site may be developed further. Redevelopment of the borrow
or acquisition areas may occur in the future. However, the Port states that they have no immediate
plans to develop the sites. Proposed actions near the off-site wetland mitigation project in Auburn
include a proposed trail along the Green River and development of private property to commercial
and residential uses. Some of these proposals may have a federal nexus (i.e., ACOE Section 404
permits) associated with them. It is not known to what extent these proposals will be addressed by
future consultations. These proposed actions could result in increased impervious surfaces with
potential stormwater and water quality impacts, increased access and use (including fishing)
within the Green River, and the reduction of restoration potential of the riparian buffer and input
of large woody debris into the Green River.

CONCLUSION

After reviewing the current status of the bull trout, bald eagle, and marbled murrelet, the
environmental baseline for the action area, the effects of the proposed MPUI, and the cumulative
effects, it is the FWS's biological opinion that the MPUI, as proposed, is not likely to jeopardize
the continued existence of the bull trout, bald eagle or marbled murrelet. We reached this
conclusion on the basis that the proposed action is not likely to adversely affect these species, as
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discussed in the Effects section of this opinion.

No critical habitat has been designated for the bull trout or bald eagle. Therefore, none will be
affected for these species. Critical habitat has been designated for the marbled murrelet.
However, the project does not occur within designated critical habitat, therefore none will be
affected for this species.

INCIDENTAL TAKE STATEMENT

Section 9 of the Act and federal regulation pursuant to Section 4(d) of the Act prohibit the take of

endangered and threatened species, respectively, without special exemption. Take is defined as to
harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to engage in
any such conduct. Harm is further defined by the FWS to include significant habitat modification
or degradation that results in death or injury to listed species by significantly impairing essential
behavioral patterns, including breeding, feeding, or sheltering. Harass is defined by the FWS as
intentional or negligent actions that create the likelihood of injury to listed species to such an
extent as to significantly disrupt normal behavior patterns which include, but are not limited to,
breeding, feeding or sheltering. Incidental take is defined as take that is incidental to, and not the
purpose of, the carrying out of an otherwise lawful activity. Under the terms of Section 7(b)(4)
and Section 7(o)(2), taking that is incidental to and not intended as part of the agency action is not
considered to be prohibited taking under the Act provided that such taking is in compliance with
the terms and conditions of this Incidental Take Statement.

The FWS does not anticipate the proposed action will incidentally take bull trout, bald eagle or
marbled mun'elet. Therefore, no take exemption for the bull trout, bald eagle or marbled mun'elet
is provided.

CONSERVATION RECOMMENDATIONS

Section 7(a)(1) of the Act directs Federal agencies to utilize their authorities to further the
purposes of the Act by carrying out conservation programs for the benefit of endangered and
threatened species. Conservation recommendations are discretionary agency activities to
minimize or avoid adverse effects of a proposed action on listed species or critical habitat, to help

implement recovery plans, or to develop information.

These are as follows:

1. The riparian buffers along Miller Creek and Des Moines Creek should be at least 150 tt on
each side to better protect the aquatic environment, including cutthroat trout and coho salmon,
which is a federal candidate for listing under the Act. This increased buffer width is critical in
providing large woody debris and nutrients to the streams, as well as additional storm water
benefits, should development occur immediately outside of the riparian buffers. Wider buffers
also benefit wildlife species which use the riparian habitat for reproduction, foraging and resting
by reducing the disturbance from human activities.
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2. Monitor fish use, including spawning activities, in Miller and Des Moines Creeks to determine
success of habitat enhancement and restoration activities.

3. Evaluate effects to invertebrates in the restored section of Miller Creek. Include changes in

species composition from existing conditions, and recovery of the system following diversion of
flows into the new channel.

4. Viable native plants shall be salvage and reused at mitigation sites.

5. Large diameter trees with attached rootwads or large rootwads that are to be removed as a
result of the project should be retained/saved for future use on Port or other restoration/mitigation
sites in King County.

6. Large woody debris placed in Miller Creek should be keyed into the bank at a minimum 1 to 1
ratio (for every foot of wood instream, one foot should to be keyed into the bank). Root wads
without boles should not be used. This will better insure the success that large woody debris
placed for stream restoration will function as designed.

7. Pesticides and herbicides should not be used due to the potential to enter the groundwater and
surface water where it may potentially affect the invertebrate forage base and fish species. Should
their use be unavoidable, we recommend that a minimum 200 ft. buffer from waterbodies be
required If a 200 ft buffer cannot be implemented, we recommend that a monitoring program be
implemented to determine the adequacy of the 50 ft. buffer in protecting aquatic resources,
including wetlands, from pesticide and herbicide contamination. Rodeo may be used if other non-
chemical methods to control reed canary grass prove to be unsuccessful. If Garlon is used in the
Green River mitigation area, it should be restricted to the use of Garlon 3a. Garlon 4 should not
be used. Organophosphates, carbamates and triazine herbicides should not be used under any
circumstance.

8. Reduce or eliminate airport sources of Cu and Zn. Implement additional best management
practices to treat stormwater to levels of Cu and Zn below acute and chronic toxicity levels for
aquatic organisms. Sufficient monitoring must be performed to determine that reduced levels are
being achieved.

9. New structures should not contain pollution generating impervious surfaces.

10. Use anionic PAM products which have reduced toxicity on aquatic organisms compared to
cationic PAM.

11. Evaluate the effectiveness of temporary erosion and sediment control measures.

12. Provide copies of monitoring reports to the Western Washington Office.

13. Conduct research to better define population status and use by bull trout of watersheds and
marine areas where Port of Seattle and FAA activities occur.
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For the FWS to be kept informed of actions minimizing or avoiding adverse affects
or benefitting listed species or their habitats, we request notification of the implementation of any
conservation recommendations.

REINITIATION NOTICE

This concludes formal consultation on the actions outlined in the request. As provided in 50 CFR
§402.16, reinitiation of formal consultation is required where discretionaryFederal agency
involvement or control over the action has been retain_ (or is authorized by law) and if: 1) the
amount or extent of incidental take is exceeded; 2) new information reveals effects of the agency
action that may affoet listed species or critical habitat in a manner or to an extent not considered m
this opinion; 3) the agency action is subsequently modified in a manner that causes an effect to the
listed species or critical habitat not considered in this opinion; or 4) a new species is listed or
critical habitat designated that may be affected by the action. In instances where the amount or
extent of incidental take is exceeded, any operations causing such take must cease pending
rcirdtiation.

The WDOE and the Corps have not completed their review of the project at this time; therefore,
issuance of the NPDES permit, water quality certification (401), and Clean Water Act Section 404
permit have not occurred. The BA includes a number of best management practices which are
proposed to meet state water quality standards. The BA acknowledges that additional measures
may be necessary. The FWS, in our review of the effects of the proposed action, assumes that the
criteria in the Washington State surface water quality standards will be met by the project at all
times. Any future actions that may be taken to meet state surface water quality standards or
Section 404 permit requirements need to be evaluated to determine if reinitiation of this
consultation is necessary.

If you have any questions regarding this Biological Opinion, please contact Nancy Brenn_n.
Dubbs, of my staff, at (360) 753-5835 or Jim Michaels, of my staff, at (360) 753-7767.

Sincerely,

_F'_ Ken S. Berg, M_n_ger
Western Washington Office

c: Corps, Seattle 0Vl. Walker)
NMFS, Seattle ft. Sibley)
WDOE. Bellevue (A. Kenny)
Port of Seattle, Sea-Tat (E. Levitt)
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For the FWS to be kept informed of actions minimizing or avoiding adverse affects
or benefitting listed species or their habitats, we request notification of the implementation of any
conservation recommendations.

REINITIATION NOTICE

This concludes formal consultation on the actions outlined in the request. As provided in 50 CFR

§402.16, reinitiation of formal consultation is required where discretionary Federal agency
involvement or control over the action has been retained (or is authorized by law) and if: 1) the
amount or extent of incidental take is exceeded; 2) new information reveals effects of the agency
action that may affect listed species or critical habitat in a manner or to an extent not considered in
this opinion; 3) the agency action is subsequently modified in a manner that causes an effect to the
listed species or critical habitat not considered in this opinion; or 4) a new species is listed or
critical habitat designated that may be affected by the action. In instances where the amount or
extent of incidental take is exceeded, any operations causing such take must cease pending
reinitiation.

The WDOE and the Corps have not completed their review of the project at this time; therefore,
issuance of the NPDES permit, water quality certification (401), and Clean Water Act Section 404
permit have not occurred. The BA includes a number of best management practices which are
proposed to meet state water quality standards. The BA acknowledges that additional measures
may be necessary. The FWS, in our review of the effects of the proposed action, assumes that the
criteria in the Washington State surface water quality standards will be met by the project at all
times. Any future actions that may be taken to meet state surface water quality standards or
Section 404 permit requirements need to be evaluated to determine if reinitiation of this
consultation is necessary.

If you have any questions regarding this Biological Opinion, please contact Nancy Brennan-
Dubbs, of my staff, at (360) 753-5835 or Jim Michaels, of my staff, at (360) 753-7767.

Sincerely,

Ken S. Berg, Manager
Western Washington Office

c: Corps, Seattle (M. Walker)
NMFS, Seattle (T. Sibley)
WDOE. Bellevue (A. Kenny)
Port of Seattle, Sea-Tac (E. Levitt)

Enclosures
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ATTACHMENT A

Response to U.S. Fish and Wildlife Service Comments and Recommendations
Concerning Embankn_ent Fill at Seattle-Tacoma International Airport

(FWS Comments and Recommendations in Bold)

1. All fill material within the first 20 feet above the rock unflerflrain of the
embankment fill shall b¢ contaminant free (e.g., below probable affect levels stated
in the appropriate NOAA SQuiRT tables or below background levels found within
the area).

Through its Clean Water Act section 401 permitting process, Washington
Department of Ecology (Ecology) has required the Port to develop a process for insuring
that contaminated fill material is nor incorporated into the Third Runway embankment.
The screening process developed by the Port includes the use of MTCA Method A
standards as a tool to evaluate what is or is not environmentally suitable for placement in
the embankment. In our January 22, 2001, meeting, and in its February 27, 2001,
comments, FWS requested additional information concerning the Port's screening
process, including information indicating this process is adequately protective of listed
species.

First, it is important to recognize that the Port is not accepting large amounts of
soil wifl3constituent concentrations just at or below levels defined as "clean" by MTCA
Method A standards. Over 50 percent of the soil placed in the Third Runway
embankment to date has been from large pits, most state-certified, without historical
sources of conzarnination. Though it is the responsibility of the individual contractor to
identify sources of fill material, the Port anticipates that large pits will continue to be a
primary source of fill for the embankment. Second, the remaining amount of
embankment fill will not include contaminated soil that has been rcmediated to MTCA

Method A standards. Rather, such soil will be taken from sites or portions of sites that
have not kistorically been affecte_l by contamination. Thus, Method A standards in this
case are used simply as a screening tool to verify that clean fill sources are in fact clean.

To evaluate the environmental suitability of a proposed fill source, the Port
currently requires that, for those fill sources for wkich testing is mandated, the supplier at
a minimum test for concentrations of total petroleum hydrocarbons (TPH) and the eight
Resource Conservation and Recovery Act (RCRA) metals. Analysis for chemicals other
than "I'PHand metals is presently required based upon site-specific conditions. The
approach used for evaluating appropriate testing, including location of samples, number
of samples, and type of analysis, is similar to that used for Phase I and Phase II
Environmental Site Assessments as discussed below.

When the Washington Department of Ecology and the Port developed the process
for evaluating fill material proposed for placement in the Third Runway embankment,
they used standards for conducting Phase I and Phase lI Environmental Site Assessments
as a model. Typically, Phase I and Phase I1Environmental Site Assessments are
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conducted to identify environmental conditions at a site prior to some change of use or
ov,_ership. The nationally-accepted standard for these assessments is the American
Society for Testing md Materials Standard (ASTM) Practice for Environmental Site
Assessment: Phase I and Phase It Site Assessment Process (ASTM E 1527 and ASTM E
1903). Though not all ASTM procedures arc relevant (e.g., lead paint testing, radon
surveys,etc),thebasicASTM proceduresforasitereconnaissance,reviewofldstoric
operations,andappropriatetestingtobeconductedby aqualifiedenvironmental
professionalwcrcadaptedtothefillacceptanceprocess.The useofPhaseIandPhaseIt
EnvironmentalSiteAssessmentsasamodelisappropriatebecauseitisanationally-
acceptedprocessforevaluatingthePotentialforcontaminationata site.

PhaseIandPhaseItEnvironmentalSit=Assessmentsdifferinobjcc_vcsfrom
PugetSoundDredgeDisposalAnalysis(PSDDA) andremedialinvestigationstudies.
PhaseIandPhaseItEnvironmentalSiteAssessmentslookspecificallyforcontamination.
Incontrast,PSDDA isa programwhichadch-=sscsthemanagementanddisposalof
sedimentsthatmay becontaminated.As aresult,samplingandanalysisprotocolsarc
different. For Phase I and Phase II Environmental Site Assessments, the level of
sampling and type of analyses can vary considerably from site to site based on the
potential presence of contamination. This approach differs from PSDDA, in that PSDDA
specifies a standard sampling protocol, including the number of samples and type of
analyses, for evaluating the bulk characteristics of material proposed for open water
disposal. This Phase I and II Environmental Site Assessment approach also differs from
the more rigorous requirements for remedial investigation studies, which are designed to
evaluate impacts from known contaminated sites.

When evaluating the suitability of proposed fill material, the Port uses MTCA
Method A standards as a screening tool. However, the final suitability determination
relies on best professional judgement. In general, the approach used in evaluating the fill
suitability is similar to that of a prospective purchaser evaluating environmental
information obtained in Phase I and Phase II Environmental She Assessments. Careful
consideration is given to other factors in addition to chemical test results. These include
current and historic site uses, adequacy of the environmental documentation, type of
proposed fill material (e.g., native vs. non-native) and the nature of the proposed
excavation activities (e.g., Does the contractor have sound operational controls in place?).
In some cases, the Port will condition acceptance to a specific area of a site, require
ongoing testing and monitoring during excavation, or rcquixe regular site inspections to
insure the quality ofthe incoming fill material. For example, the Port may determine that
upper non-native soil at a source sRe may not be suitable because of its potential to
contain asphalt or other debris, but that the underlying native soils at the same site are
suitable. At the same site the Port may require an _vironmental professional monitor the
site to ensure that the native and non-native materials are indeed separated.

In our January 22, 2001, meeting, and in subsequent comments, FWS inquired as
to the protectiveness of Method A standards for the RCRA metals and for
organochlorincs. The Port will address these issues as follows:
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(a) Drainage laver cover: The Port gill establish a zone of"ultra-clcan" fill above
the drainage layer, in an area termed "drainage layer cover." The drainage layer
cover will measure at least 40 feet thick at the face of the embankment and will
reduce in height to the cast at a rate of 2 pcrcem (see Figures 1 and 2). The 2

pcrcem slope is required for consistency vdth the embaakmcnt construction
design, which has been developed to al]ow for appropriate drainage and runoff
control. The overall thickness of the drainage layer cover will decrease away
from the face of the embankment and will vary based on underlying topography.
This configuration allows for the greatest protection for aquatic resources in the
areas closest to the wetlands and MLUcrCreek, and will protect surface water
quality in nearby Miller Crock.

(b) RCRA metals: The Port will employ the following standards and protocols
concerning the placement of fill in the drainage layer cover with the goal of
ensuring that baseline conditions are not altered for surface water receptors:

(i) For the drainage layer cover, as with the remainder of the embankment
fill, no soil will be accepted that exceeds MTCA Mcthod A standards for
the RCRA metals per agreement with the Washington State Department of
Ecology. These values arc shown in columns 3 and 4 of Table 1.

(ii) Th¢ sccond column of Table l shows values for the RCRA mctaJS that
have been calcu]ated using the Wa.shing_on State DcparUnent of Ecology's
(Ecology) "Three Phase Partitioning Model." Ecology uses this
conservative model to establish soil concentrations that are protective of
ground water as a drinking water source (see WAC 173-340-747(3), (4),
and (5)) (Attachment B). The values in the second coluran of Table I arc
derived by using this model to "back-calculate" soil concentrations using
freshwater ambient water quality criteria (WAC 173-201A) instead of
ground watex quality criteria. In other words, the model used by Ecology
to establish soil concentrations that arc protective of groundwater as a
drinking water source has been employed to calculate soil concentrations
that are protective of surface water receptors exposed to discharge or
seepage from the drainage layer. No soil will bc accepted for the drainage
layer cover that exceeds the back-calculated values shown in the second
colunm of Table I (with adjustments for PQLs and background
concen_ations as noted in Table 1 footnotes) unless the Synthetic
Precipitaxion Leaching Procedure (SPLP) confirms the suitability of the
soil as discussed below in @)(iv). The Port will consult with the FWS if
site-specific data is collected which may merit a recalculation of the three
phase model soil concentrations in Table 1, and reinitate consultation as
appropriate.

(iii) Column 6 shows Puget Sound Background concentrations for the eight
RCRA metals. Exceedences of background metal concentrations can bc
expected duc to the natural variability in soil types which will be offered

3
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from numerous sources in the region. Thus, in colunm 7, a range of"
screening criteria between background levels, when available, and Method
A standards is show In the event the Port desires to establish site-

specific background criteria, it will discuss proposed criteria with FWS
and reinitiate consultation as appropriate. If the suppliers wish to place
soil in the drainage cover layer that exceed background concentrations, the
Port will confirm the acceptability of the material by requiring suppliers
using that source to conduct sumcient SPLP testing to shov' that Method
A criteria are protective of baseline conditions for surface water receptors.

(iv) To confirm the protectiveness of the Method A standards and the Three
Phase Partitioning Model, SPLP testing will be used as a laboratory
method to ensure that leaching of metals through potential embankment
soil will not occurr at unacceptable levels. SPLP testing according to the
procedures contained in WAC 173-340-747(7) and SPLP methodology are
sho',vn in Attachments B and D respectively. SPLP results will be
compared, as an initial screening tool, to freshwater ambient water quality
criteria according to guidelines outlined at WAC 173-201A-040
(Attachment C). If the SPLP results indicate that metals in the proposed
fill material do not leach at levels above the freshwater ambient water
quality criteria, adjusted for PQLs as appropriate, the material will be
considered suitable for placement. If the SPLP indicates that metals in the
proposed fill material leach at levels above ambient water quality criteria,
the Port will either reject the material or discuss the results of the SPLP
with FWS before acceptance of the material. The Port shall submit to
FWS for its review and approval a plan describing the Port's SPLP
protocol. The FWS shall approve this plan prior the Port's
implementation of the SPLP protocol.

(c) Or_,anoch]orines: The Port will employ the following standards and protocols
concerning the placement of fill in the drainage layer cover:

(i) The Port will require testing for organochJorines on those sites where such
compounds may be present, including sites with potential commercial
pesticideapplications,andsitesv_th historic wood preserving op_ations.
The supplier,withPort_vicw,willidentifysitespo_entiallycontaining
suchcompoundsthroughtheprocessdiscussedaboveunderResponseI
(i.¢.,PhaseIandIIEnvironmcn_lSiteAssessments).The Portwill
updateguidelinesprovidedtosupplierstoclearlystatethattestingfor
additionalconstituentsmustbeconductedasappropriatebasedon current
and historical site land uses.

(ii) As withtheremainderoftheembankmentfill,sourcesoffillproposedfor
placementinthedrainagelayercoverwhichhavedctcctablelevelsof
organochlorinesu-illnotexceedMTCA MethodA criteria.
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(iii) Sources offill proposed for placement in the drainage layer cover which
have detectable levels of organochlorines will be evaluated using the
"Three Phase Partitioning Model" discussed in (b) above. When
organochlorines are detected in potential fill, the Port will use the Three
Phase Partitioning Model to back-calculate soil concentrations using
fi'eshwa_r ambient _zter quality criteria. Soil found to contain

•organochlorines at concentrations below Three Phase Partitioning Model
concentrations (adjusted for PQLs) will be deemed acceptable. No .soil
will b¢ accepted for the drainage layer cover that exceeds Three Phase
Partitioning Model concentrations (adjusted for PQLs) unless SPLP
testing confirms the suitability oft.he soil as discussed below in (c)(iv).

(iv) The Port will require sPLP testing when proposed soil exceeds calculated
Three Phase Partitioning Model concentrations. SPLP test results will be
compared, _ an initial screening tool, to freshwater ambient water quality
criteria according to guidelines outlined at WAC I73-201A-040
(Attachment C). If the SPLP results indicate that organocholorines in thc
proposed fill material do not leach at levels above the freshwater ambient
water quality criteria, adjusted for PQLs as appropriate, the material will
be considered suitable for placement. If the SPLP indicates that
organocldorines in the proposed fill leach at levels above ambient water
quality criteria, the Port will either reject the material or discuss the results
of the SPLP with FWS before acceptance of the material, and reinitiate
consultation as appropriate.

2. To isolate organisms in the biologically active zone from contaminants that
may be contained in the fill material, the surficial 3 feet of fill should be
contaminant free (e-g. below probable affect levels stated in the appropriate NOAA
SQuiRTs or below background levels found within the area if available).

As discussed in our January 22, 2001, meeting, and dates thereafter, from a
practical standpoint it is difficult to apply different acceptance criteria to the upper three
feet of embankment fill material versus the underlying fill material. Final grading of the
embankment will involve working and reworking of the upper material to achieve
appropriate compaction and site elevations. Portions of the embankment will be paved
for the runway and associated taxiways. Remaining embankment areas will be grass
covered and will have very strict wildlife controls (i.e.. hazing and elimination) in
accordance with FAA regulations to insure aircraft safety.

During our January 22, 2001 meeting, the Port agreed to evaluate the eight RCRA
metals with respect to the recently-adopted MTCA regulation WAC 173-340-7490
Terrestrial Ecological Evaluation Procedures (Attachment E). The goal of the terrestrial
ecological evaluation process is the protection of terrestrial ecological receptors from
exposure to contaminated soil with the potential to cause significant adverse effects.
Table 749-2 - Priority Contaminants of Ecological Concern for Sites that Qualify for the
Simplified Terrestrial Ecological Evaluation Procedure lists soil concentrations for seven
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of the eight RCRA m_xls (Attachment E). These concentrations are developed to protect
_ildlife through direct ingestion of soil using a robin/shrew food chain model, two
sunogat= receptors meant to represent highly exposed species. Soil concentrations were
also developed for plants and soil invertebrates using toxicity values from the published
literature. The most restrictive value was then placed into Table 749-2.

Generally, the Method A concentrations are less than or similar to Tab]e 749-2
(see Table l ). However, the MTCA Method A standards list does not include values for
barium, total chromium or selenium. For these constituents, the Table 7,*9-2 ecological
standards listed in Table 1 (adjusted for background and PQLs) gill be used as screening
criteria for the top three feet ofernbankment fill

3. The Port of Seattle will monitor the seepage water from the rock underdrain
for contaminants. Monitoring shall be for a period of 10 years, on a monthl T basis.
Based on the monitoring results, the monitoring schedule may be modified by FWS.

The Port of Seattle shall prepare a water quality monitoring plan to track the
quality of seepage from the drainage layer beneath the Third Run'_"ayembankment fill.
Such a plan shall be prepared to address the amount of monitoring in a tiered or phased
approach. For example, flit is determined that water flowing through the new
embankment is exceeding designated surface water quality criteria, new monitoring
points may be established between the embankment and Miller Creek to evaluate the
fate and transport of the impacted fill water. Monitoring Miller Creek would represent
the final phase ofa monhoring program if it v,'er_ determined that constituents in
embankment fill water were reaching the creek. The Port shall develop a monitoring plan
in consultation with FWS. The Port shall submit a dmfl monitoring plan to FWS for its
review and approval within 120 clays after FWS' issuance of a biological opinion or
concurrence letter. The monitoring plan shall provide for a minimum of three years of
monthly monitoring, with the monitoring period commencing upon detection of seepage
from the drainage layer of the completed embankment. At the end of the thr_-ycar
monitoring period, the Port and FWS shall reevaluate the need to modify or continue the
monitoring program. In the event seepage is not detected _ithin six )'ears after
completion of embankment construction, the Port and FWS shall likewise reevaluate the
need to modify or continue the monitoring program.

4, 5. If material is used which is known to have contaminants, this material shall
be distributed over a large area to avoid creating a "hot spot" in the embankmenL
The Port of Seattle will request FWS approval for those fib materials proposed that
do not meet MTCA Method A standards, at a minimum. Information on why these
materials are to b¢ used and proof that their chemical constituents/levels will not
result in environmental impacts to aquatic organisms needs to be provided.

The use of MTCA Method A as a screening standard for incoming fill material
_siIl 'avoid the creation of"hot spots" in the cmbankmcm. In the event that the Port
considers placement of fill materials that do not meet MTCA Method A standards, the
Port gill discuss results with FWS and consultation gill be reinitiated as appropriate.
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Acceptance of material above MTCA Method A standards requires Ecology approval.
Discussion with the agencies will provide information regarding the environm_tal

suitability of this material and proposed placement methods and locations.

TABLE 1
SOIL SCREENING CRITERIA FOR THIRD RUNWAY EMBANKMENT FILL (MGIKG)

..... MT_'(a) -- Unrest_ctedLand Use "- Screening Cn_rla
Three Phase Cu_ent Proposecl Prg_gos_l Puget'_ound Drainage

Pa_lonm<j Model Meth<x:lA Met,"l¢¢lA ECological Background Layer Top 3-feet
RCRA Metals Concentrati0ns(b] Standard Standard (c) Standan:l(c) (Upper 90%) (d) Cover Embankment

A_enic 6_ .... 20 20 ' 9_ (As Q) i 7 to 20 {e) 20 t_J
B,_tium 12000 NA NA 1250 " ' NA 12,000 (t) IZ50 (m)
Cadrn_,m "' 0.15 2 2 2.5 1 1 to 2 (g) 2 {1j

Chromium (Total) NA 1DO NA 42 4B 48 to 1 go(g), (h) 48 (n)
Lead 50_ ' 250 250 220 24 24to 250 (i) 220 (mj

Mercury (InorganiC) 0.01;] 1 2 9 0,07 0.07 to 2 (g) 2 (T)
Selecuum 0.52 NA N_ 0.8 IdA 5(PQL)', (j), (k)i 5 {POLL LI-J

15slyer 0.'11 _ ;,_ _ ' _ 5 (P_L), (.I).'_kJi " 5 (PQ;.), (J)
l, ,. , ......

Note: See associated text in _mmnt A for related dL_cu.c_ion.
Footnotes:

NA: Not available. Insuffmlen! information availableto develop crt_rta.
PQL PracticalOuantitationLimit

(a) Model Taxies Contr_ ACIWAC 173-340.

(b) MTCA WAC 173-340 747 ('3).(4), lind (5) Three Phase PartitioningMoclelsoil concentrations¢JdCulatedusing aquatic fi'eshwater quality cdteria (WAC
173-201A). For purpeses of thistable, the Iowesi criteriafrom "Freshwater CCC Chronic° S_JeenlngQuick Reference Table (NOAA SQuiRT Table) were
used.

(c) Proposed MethodA and Ecological starclardswere fi_.ecl on FeDnJar_15, 2001, and willbecome effective on August 15, 2001.

(d) Natural Baekgt0und Sell Metals in Washington State (Ecology PublP_bon 94-I 15).

(e) The MTCA MethodA staoda_ of 20 mg/kg is less than the Three Phase PartitioningModel concentrationof 88 mg/kg indicating that the Method A
standard is protectiveof aurf_ water re_. When aoil concentrationsam greater than backg.,'0undbut below the Method A standard, su/fic_ent
SPLP testingwill be conducted tOconrntmtNmtthe MethodA standard i_ proteC'tiv_(see gSSOC.iatedtext in A,achmeflt A for discusskm of SPLP testing).

(f) Three Phase PartitioningModel ¢onc=BNrationscalculated using M'FCAMethod B ground water quality¢;ritedlihecause there w-4sno available criteria
for barium in surface water, ff o_.,entr_tions exc_-,,edcalculated values. SPLP testing witl be required to evaluate the suitability of the soil.

(g) Three Phase PartitioningModel e_ceH_tmtJo,'Ls,I_justed upward 1obackground, and Mett_d A standama To verify Ihe pretectiveness of Method A
stanOams, SPLP testing wigbe conductedwhen soil _ntr'4tiot_ exceed background but are below Method A atandards. (Note: exceedances in
backgroundconcentrationsant/opated due to naturalvariability of so_]type= being used as filL)

(h) Chromiumspeciation may be conducted in the event SPLP is applied.

(;) The MTCA Method A standardof 250 mg/kg is less than the Throe Phaaa PatUtJoningModel conCenttabOn of 500 mg/kg indicalmg that the MethodA
standard is pn:_tactNeof surface water receptor. When soil concentrations are greater thsn I_¢kgtouad b_ the Method A standard, sufficient SPLP
testing will be condLv:ted to confirm that the Method A standard is protective.

(_) PQLS from Department of Ecology"Implementation Memo No. 3:PQL.sas Clelinup Star_dards', November 24, 1993.

(k) Three Phase PartitioningModelcono_nbations, a_juttad u]_t_td to PQL If soil ¢.o_..entrationsexceed the PQL, SPLP testing will be requited to
evaluate the suitabUltyof the soil.

(I) Screening criteria based on MTCA MethodA standards.
(m) Screening criteria based on ecological standards.
(n) Sueening criteria based on ecolggk;alstandards, #djustad for background.

7
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ATTACHMENT B

WAC 173-340-747(3-5, 7) ('February 12, 2001)

WAC 173-M0.747 (3) Overview of metkod_ This subs.-laion provides an ow-rview of the methods specitlcd in
subsectior_ (4) through (10) of this se,_ion for deriving soil conccmrations that meet the criteria Specified in subsection
(2) of this section. Certain reel.hods are tailored for particular tTpcs of hazardous sutvJa.axum5or sites. Cue',•in methods
arc more complex than others and certain methods require the use o£site-spccific data. Thc specific requirement5 for
deriving • soil conccntralion under a particular method may also dt'pend on the hazardous substance.

(a) Fixed parameter three-phase partitioning model. The threc-phas,: partitioning model with ftxcd input pasam_crs
may be used to establish a soil concentration for any hazardous substance. Size-specific data are not rcq,,ired fur use of
this model. Se_: subsr.ction (4) of this section.

(b) Variable parameter three-phase partitioning model. The three-phase partitioning modcl with variable input
paramet¢_ may be used to ¢s'tablish a _i1 concentration for any hazardous substance.Site-specific data are required for
us,: of this model See _b.semion (5) ofthi.s section.

(¢) Four-phase partitioning model. The fo_r-pha.te partitioning model may be usod to derive soll concentrations f_,r
any site whcro hazardous substances arc present in the soil aS a nonaqueous phase liquid ('NAPL). The dcpartmrnt
expects that this model will Ix: used at sites contaminated with petroleum hydrocarbons. Size-specific da_ arc requited
for use el'this model. Sce subsection (6) of this section.

(d) I_caching tes_. Leaching tests may be used to e_abiish soil concentz--_ions for certain metals. Leaching tests may
also be used zo establish soil concentrations foe other hazazdous substances, including petroleum hydrocarbons.
provided sufficient information is available to demonsu'ate _at the leaching te_ can accurately predim ground v,'atcr
impacts. To.icing of.soil sum'pies from the site is required for use of this method. Scc sub,orion (7) of this section.

(¢) AIt_ive fale and transport models. Fate and transport models othcr than those specified in subsections (4)
through (6) ofthls a¢¢fion may be used to cgablish a soil concenlrafion for any hazardous Substance, Si:c-specific data
arc required for use of sm:h models, 5¢¢ subsection (8) of this section.

(f) Empirical demonStr_iorL An crnpirie..ai demonstration may be used to show that measured soil concentrations
willnot cause an exceedan¢¢ of the applicable ground watfr cleanup levels establishcd under WAC 173-340-720. This
empirical ek:monsualion ma7 bc used for any haza,"dous sub_ Site-specific data (c.g., ground water sasnplcs and
soil samples) are required under this method, If the required demonstrations cannot be made, then a protective soil
concenWatlon shall ix: established under one of the m¢l_hods specified in _bsections (4) through (8) of this _¢tion. See
subsect/on (9) of this section.

(g) Residual san,ration. To cnsur¢ thaxthe soil concenwatio_establishedunder one of the mc_ods 3pecif]¢d in
subsections (4) through (9) of this section will not cause an excee.dancc of the ground water cleanup level established
und_ WAC 173-340-720, the soil concentration must not result tn the accumu'_ation of nonaqueous pha,u: liquid
('NAPL) on or in ground water. The methodologies and procedures specified in subsection (10) of this _ction sha/l be
used to dczerrain¢if•his criterion is met.

WAC 173-340-747 (4) Fixed parameter three-phase partitioning model.

(a) Ovcrvk'w. This lmbseclim_ specifics the prl:godares and requirements for establishing soil concentrations through
the use of the flied parame.ler th_-_:-phasc pertJt/onin& model. The model may be tLsedto establish soil concentrations
for any hazardous substance "l'b¢model may be used to e.al_lalc bolh tmsatth.-a/e_ and satm-aIed zone soil
concenl_Rio_&

This method provides default or fixed inpul parameters for the _-pha._ partitioning model that arc intcnded to bc
protective under most circumstances and conditions; site-sp¢clfic measure.manta are not required. In tOme cases it m,,y
bc appropriate to use sile-R_ifi¢ measurements for the input parameters Subsection (5) of this section specifies the
procedures ar.d requircn_nu to establish site-specific Input paramele.rs for use in the tJwee-pha.se pa.-tltionlng model.

(b) Description of the model. The three-phase pavilioning model is described by thc following equation-

[Equation ";47-I]
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Place illusmuion here,

Where:

Cs = Soil concena-adon (mg/kg)
Cw = Ground wa_cr cleanup level e_ablishcd under WAC ]73-340-720 (ugtl)
UCF - Unit conveesion faclor (ling/l,000 ug)
DF = Dilution factor (dimensionless:20 for unsarurmedzone soil; sac (c) of this _ubscctionfor saturated zonc soil)
Kd = DLvu-ibutiou¢ocm¢icnt (].Jkg; see (c) of this subsection)
&thgr;,w- Water-filled soil porosity (m] water/ml soil: 0.3 for unsat'Lu'atcdz.oncsoil; s¢¢ (c) of_is _ubscction for
_mm_d zone soil)
&thgr;a = Air-filled soil porosity (ml air/ml soil: 0.13 for unsaturated zone soil; see (el of this subsection for snmrazed
zone s0il)
Hcc" Henry's law ccmstam (dimcnsionl¢_,; see (d) of this SubSeCtion)
&rgnb = Dry soil bulk density (1.5 kg/L)

(c) Distribution coefn¢ient ('Kd). The default Kd v_lues for organicsand metes usedin Equation 747-1 are
follows:

(i) Organics. For organic hazardo_ substances, the Kd value shall be derived using Equation 747-2, The Koc (soil
organic cazbon.w_ partition coaliSe'lent)pantmclcr_q)c¢ificdin Equation 747-2 shall be derived a._follows:

{A) Nonionic organioa. For individual nonionic hydropbobic organic hacardou$Substances(e.g., benzene and
naphthalene), the Koc values in Table 747-I shall be used.For hazardoussubSTancesnot listed in Table 74%1, Kd
values may b¢ developed as provided L_subsection(5) of this section(variable three-phase partitioning model).

(13) Ionizing organics.For ionizing organichazardoussubstances(e.g., pcntachlorophenoI and benzoic acid), the
Koc values in Table 747-2 shall be used.Table 747-2 provid_ Ko¢ values for three different pHs. To select the
appropriate KO¢ value, the toil pH must I:,¢measured.The Koc valuc for the ¢om:sponding Soil pH shall b¢ used. lfthc
soil pH falls bct_een the pH _u¢_ provided, an appropriateKoc value shall b¢ sclcctcdby interpolation between the
li_cd Koc values.

[Equation 747-2]
Kd = Koc x foc
Whcr¢;
Kd - Distribution coel_cient (-LJkg)
Koc = Soil organic carbon-water pa,qitioning coceficient(mUg). See (cXi) of this subsccdon.
fo¢= Soilfractionoforpaiccarbon(0,1% or0.001g/g)

(it) Metals. For metals, the Kd values in Table 747-3 shall be used. For metals not listed in Table 747-3, Kd values
may bc drvciopcd as provided in aubscction (5) of this section (variable thRe-phase partitioning modal).

(d) I [enty's law constant. For peuoleum fractions, the values for Henry's law constant in Table 747*4 shall be used
in Equation 747-1. For individual organic _dous substances, the value shall be based on values in the scientific
literature. For all metals proumt as inorganic compoundsexcept me_'ury, zeroshall be used.For mercury, either 0.47
or a value derived from the scientific lit_-arure shall be used. Derivation of Henry's law constant from thc scientific
literature ahall comply with WAC 173-340-702 (14). (15)and (16).

(e) Saturatedzone soil com_-ntnttions.Equation 747-1 may tlso bcused to derlvc concenmationsfor soil that is
]oeatedazor I_:low the grouad wat¢,rtable (the saturated zone). Thc following input parameters shall be changed if
Equation 747-1 is used to derive saturated zoncr,oi[ conceno'afions:

(i) The dilution factor sh,,_lbc changed Crom20 to I;

(it) The watt-r-filled soil porosity value shall be changedfrom 0.3 ml water/ml soil to 0.43 ml watcr/ml soil; and

[ii0 The tir-tq[led soil porotJty value shall be changed from 0,13 ml air/ml soil to zero.

WAC 173,340-747 (_) V|rlsbk parameter _ree-phase partitioning modeL

(t) Ovefvi¢'w. This section specifies the proceduresand re_uircmcnU to dcrivc site-specific input parameters for use
in the thn:e-phasepartitioning model. This method may be usedto c_ablish soil concentrations for any hazardous
substance.ThL_met,hod may be usedto calculate both unsaturatedand saturated zone soilconccnU-alio_.
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This method allows fort.he substitution ofsile-spec/fic values for the dcfault values in Equazion 747-! for one or
mort: of the following five input parameterx:Dis_ibution coefficient, soil bulk der_, soil volurnc='i¢ water ¢oatenc,
soil air content, and dilution factor. Th¢ me,hods dmt may be used and d_=requirements that sba]I be met to derive s;"e-
Spc_ific valueS for each of the five input par'araetm_ a_ spccifted in (b) through (f) orris sub.orion.

(b) Methods for dcriviag a dislribetion ¢o¢_ci_t (Kd). To derive a site-spcclfu: dismibutlon eoet_cienL one of the
following methods shall be ____-

(i) Deriving Kd from toil fraction of organic carbon (fc¢) measurements. Site-specific mea.turcments ofsoit organic
cazbon_ be used to dm'_vl:d_tnt_ttion cocf_cien_ for nonioni¢ hydrophobic organicsusing Equation "747-2. Soil
organiccarbon measurementssh_] be ba,_d on unconLlminatcdso/] below the root zoo¢ (i.e_ soil grc.,_terthan one
meter in depth) th_ it re_re.umtativeof site condition5 or in area=through which contaminants =c likely to migrate

The laboratory protOcOlsfor measuring soil organic t_t/'bon in the Pug= Sound Esruar_ ]_rognk,n (March, 1986) may
be used. Other methods may also be used if approved by the dcparunent. All laboratory meaturements of soil orga/lic
carbon shaJIbe based on methmls that do not includ• inorganic carbon in the mcasun:ments.

(ii) Deriving Kd from site data. Site-specific m¢asuremen= of the hazardous substanceconccnwazionsin the soil and
tScsoil pore water Orground v,ater may be used, subjectto depml:rnc'ntapproval, to derivea distribution coefficient.
Distnbution coefficients that have been derived b'om tit= data shall bc based on mc&.-'u.,_'ncn_of soil and ground water
hazardoussubstance concemrationsfrom dm samedepthand Ioc._jon. Soil and ground u,.mer_mnplcs/.hat have
hazardoussubstances pr_mt aSI nonaqucousphat_ liquid (N&PL) shall not I_ usedto derive a dis_ibution co_f_gicnt
and measun:sshall be ttken to minimize biodcgradmion and volatilization during sampling, transport and analysis of
thesesamples.

(iii) Deriving Kd from batch t,--sts.A site-specific distribution coeflqcient may bedezived by using batch equilibrium
tests,gtbjeet to departmeatapproval, to measurehazardoussubstanceadsorption and de_orptioo. The results from the
bat_ testmay be used to derive Kd from the sorptiordde_rpdon relationship between hazardousSubstance
conccntyationsin the soil and.water. Sampler that have hazardous substancespresent as.anonaqueousphase liquid
('NAPL) shall not Ix: used _oderive a distributionco¢fficieni _u_dmea._un:sshall beud_ento minimize biodeg_adadon
and volatilization during testing,.

(iv) Deriving Kd, from th• scientific lheraturc. The sclcntific literatur_ may be used to derive a site-_-pccific
disuibution co¢_cient (]'Cd)for _,nyhzz_tdous substance,provided the rcquiremenL_ in WAC 173.340-702 (14), (I 5)
and(16) an: met.

(c) Deriving soil bulk d=nsh3".ASTM Me_od 2049 or othor methods approved by the department may bc used to
derive s0il bulk dcnsity va/ues.

(d) Dedving soil volumes'It w-=tcrcontent using labor=toO' m_hods. ASI-_ Method 22 ]6 or other methods
approved by the department may Ix: usedtOderfi,'¢ toil voktmctric water content values.

(el Egimating soil air content. An e__mate of soil air content may be determine4 by calculating soll porosity and
subtra,'ting tbe volometr/c wal_ contenc

(0 Deriving • dilution facaor from sitc-spec./fic egimates of |nfilts'ation and ground w_tca- flow volume. Site-specific
er4imateS ofinfilm_tion and ground wa_r flow volume may bc u,sr_ in the following equation Io dcrivc a sitc-spe.cifie
dilution factor:.

[Equation 747-3]
DF = (Qp * Q_)/Qp
V,'h_rc; -
DF - Dilution factor (dimcnsionl_,s)
Op = Volume of water infiltrutin_ (m3/yr)
Qa = Ground wa,ter_ow (nO/yr)

(i) Calculating ground water flow volume. The following equation shall be used underthis method to ¢•]culaz= the
volume ofgrotmd water flOW(Q_):

['Equation 747-4]
Qa= gxAxI
WMu'e:
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Qa = Ground water flow volume (m31year)
K = Hydraulic conductivity (n_ycar). Sitc-specific measurements shall be used to dcrivc this parameter.
A = Aquifer mixing zone (m2). The aquifer mixing zonc thi¢lmc_ shall not exceed 5 motors in depth and beequal to a
unit width of I m_¢_, unless it mn be demonll_Icd crapirieally that thc mixing zone thidmess exceeds 5 metro.
] = Gradient (m/m). Sils-specitio me_,_,-cnienls shall bll _ to dct'ive this p_rameun'.

(A) Equation 747-4 assumesthe _'ound water concentralionsof hazardous subslaneesof concern upg_-_dicntof the
sit= arc not detectable. ]fthis Lssumplion is not o'ue, tbe dilution factor may needm b= adjusted downwa.,-din
proportion to the upgTadicnt¢onccnWafion.

(B) Direct mcazurerncntof the flow velocity of grOu:ndwater using methodsapprovedby the department may be
used as a substitutc for measuring theground watc.rhydrtulic condu=ivit7 and gradicnL

(ii) Calculating or ©stimating infiltration. The following eq_ion shah Ix: u_d under this method to calculate thc
volume of _a infiltrating (Qp):

[Equation 747-5]
Qp- LxWx inf
Whcrc:
Qp = Volume of wazer infiltnRing (m3/year)
L = Eslimaicd length of eontarninanlsourcearea parallel to ground water flow (m)
W = Unit width ofcontaminimi sourcearea( l mclcr)
]nf= Infiltration (m/year)

(A) If a default annual in_lwation valuc (Inf') is uscd, thc value shall meet the following requirements. For siteswest
of the Cascade Mountains, the defauk annual infllwation value shall be 70 pcrcc'ntof the average annual precipitation
amounL For sitescast ofthc Cascade Mountains, the default annual infiluation value shall be 2_ percent of the avcrag¢
annual precipi_atlontmount.

(B) ]fa site-specific me.asuremenlor estimate of infiltration (]nf) is made, it shall bc ba,5_ on sit= conditions
without surface caps (e.$., pavement) or otherstrut,sel that would control or impede infiltration. The presence of a
cover or capmay be ¢or_idcn:d whcn cvaluating thc protcciivenes$of a rerne.dyunder WAC 173-340-350 through 173-
340-360. li'a site-speclfic me_urement or estimau: ofinfilm_on is made, then it must comply with WAC 173-340-70.,
(14), (15) and (16).

WAC 1'73-340-']47 (7) l._acbing tests.

(a) Overview. This subsectionSl_cific_ the proceduresand requirements for deriving soil¢onconwations through the
use of lea_hing tests. Leaching tests may be used to e.stab[ish soil concentrations for thc following s'p_ificd metals:
Arscnic, cadm/um, total chromium, hcxavalmt chromium, ¢oppe._',lead, mercury, nickel, selenium, and zinc (see (b)
and (c) of this subsection). Leaching tcsts may also bc used to establish soil concentrattons for other ha.T.ardous
substances, including pea'olcum hydrocarbons, provided sufficient information is available to cormlaze leaching test
results with ground water b'npaet,_(scc (cO of this subs¢clion). Testing of t,oil samples from the site is required for use
of this method.

(b) Leachinll tost_ for specified metalt,. If leaching tests ate used to establish soil concenu'ations for the specified
metals, thc followinl_ two leaching tests may be used:

(i) EPA Method I312, Synthetic P_cipilation Leaching Procedure ($PLP). Fluid _3 (oH -"5.0), representing acid rain
in the wcstcm United States, shall bc used when conductinl_ this test. This test may undcresdmmc ground waUa- impacts
when acidic conditions exist doc m signifieam biological degradation or for other masons. Underestimation of ground
water impacts ma), occur, for cxamplc, when soils conlaminat_ wiLhmetals ate located in wood wasle, in municipaJ
solid _ast= landfills, in high sulfur conlent mining wastes, or in othcr siazations with a pH <6. Conscquantly, this test
shall not bc used in those situaLionsand h'_ TCLP ins: should be used insmad.

(ii) EPA Method 131 h Toxicity Characteristic I.,eaebiog Procedure ('/'CLP). Fluid i I OH - 4.93), representing
organic acids goner=ted by biological degradaz/on p_'ocesse.s, shaJ1 be used when conducting this _ This test is
intended m rt'present situations where acidic conditions ar_ present due to biologieaJ degradation such is in municipaJ
solid wa..qc landfills. Thus, it may uade.rcstimatc gTound water impacts whcn: this is not the case end the metals of
interest arc more soluble under af"kalincconditions. An example of this would be arsenic occarring in al]calinc (pH >g)
waste or soils. Consequently, this _ shall not bc uscd in those situations and the SPLP tcs_ should be used inslcad.

4
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(c) Crlteril for specified metals. _'h_n using ci_cr EPA Me_hod 1312 or 13 ! 1. lh¢ _l)_i_l m_ho_Is uscclfor
anad)'$i$of the |¢_-hin 8 lestemu=nLshau IN:s_mcic-ntly ._._itivc _oquaulti_'hazazdousxubst.anc'_=[ concentr'ation$at
the ground water cleanup level c_blishcd undcr WAC ] 73-340-7_0. For a soil metals conccnuraxionde_-ivc,d under (b)
of thissubsd_ion to be consideredprotective o['ground wince,the leaching test effluent conccnla-4t_onsha_lme_ lhc
follow_ng criteria:

(i) For cadmium, i¢.adandzinc, the leaching test effluent c0nccnrration shall bc IcssThanor r._lUadto ten [1O) times the
=ppiir,ablc ground wazcrclcamuplevel csr_blisJ_dunderWAC 173-_140-720.

(ii) ]:or a_c'nic, f.ol,_dchromium, hexavalcn!chromium, coppc-r,mcrcu_, nickel and selenium, the Icachin_ te_t effluent
conccntT-mionlihall be Ic_ chartor r.qualto theapplicable ground _a_cr cleanup I¢v¢1cs'tablishcd undcr "_I.'AC!"73-340-
7.___Q.
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ATTACHMENT C

WAC 173-201A-040

WAC ITS-20LA-040 Tosi¢ mbmaeer,. (I) Toxic sub.cxas_ r,hall no/b¢ introduced above naxurtl background levels
in water3 of the statc which have the potcnt/al cithcr singularly or cumulatively Io advers¢iy a.ffcct characteristic water
uses, ¢=us¢acute or chronic toxicity to the most _q_sitiv¢ biota dependcm upon thosewaters, or advcz_c|y st'feetpublic
hcaRh, as dot=trainedby thedcparm_L
(2) Thc department shall employ or re.quirechemical tcs=ing,=,-ute andckronic toxici O. testing. =Endbiological
assessment.5,as appropriate, to evaluate complL_nc¢with subsection(I) of this section and to ensure that aquatic
communities Lnd the existing and characteristic bcncfici,I usesof waters arcbeing fully protected.
(3) The following criteria _sal] he applied to all surface wa_cr_of the_c of W=.._ing_onfor the protect/on of aquatic
life. The department may revise the following criteria on a su,4©wideor watcrbody-spccitqc b_;s as neededto protect
aquatic Iffc occurring in wateasof themuue_ to incrca._ the technical accuracyof the cr/teda hei_g applied. The
dcpm'tmcnlshall formally adopt any appropr/aP" rcv/sed ¢r/t='Lt as pan ofr_is_Jutp¢crina_ordancc with the
provisions eslablished in _chafer34.05 RCW, thc Admini=m'tfivc ProcedureAct. The dqsaron=nt shall ensurethere are
early oppor_nitics for public review and comment on prolso_s to develop revised criteria. Values arc IJg/L for all
sub_,nc_ cxe'eJ_Ammonia and C_lorid¢ which arc m_/L:

Freshwnle_ Madnc Water
Subsm,nce Act== Chronic Acute Chronic

Aldrin/Dieldr/n 2.5a 0.0019b 0.Tla 0.0019b

Ammonia f,c g,d 0.233h,¢ O.035h,d
(un-ionizedNH3)
hh

Arsenic dd 360.0c !P0.0d 69.0c, I1 36.0d,
cc,II

Cadmium dd i,c J,d 42.0¢ 9.3d
Chlorda=1_ 2,4a 0.0043b O.09a 0,00_b
Chloride $60.0h,c 230.0h,d --
(Di.¢,._lved) k
Chlorine ('Total Residual) 19.0c ] 1.0d I.,,1.0c 7.$d
Chlorpyrifos 0,083¢ 0.04ld 0.0!lc 0.0056d
Chromium(Hex)dd lS.0c,l,ii10.0d_ 1,100.0¢ 50.0d,I]

,l,ll
Chromium (Tri) gg m.,c n,d -
COpperdd o.c p,d 4.gc, ll 3.Id,U
Cyanidee¢ 22.0¢ _.2d ].0c,m

m

DDT (and i,la 0.001b 0.13a 0.001b
metabolites)
Dieldrin/Aidria • 2,5a 0,00lgb 0.Tia 0.00i9b
Eodosudfa_ 0.22a 0.056b 0.034a 0.00gTb
Endrin 0.lga 0.0023b 0.037a 0,0023b
Hcpt_hlor 0.52a 0.0038b 0.053a 0.0036b

Hcxaghlor0cycl ohe.xane
f]..iadanc) 2.0a 0.08b 0.16a
Lead dd q,¢ r,d 210.0<:.I 8.1d,][

l

Memurys 2.]¢,kk,d0.0]2d,ff ].8c,]l,d O.025d.ff
d d

Nick=l dd t,¢ u,d 74.0c,11 8.2¢1,11
Pa,"zthion 0_065c O.OI3d

Pentachlorophcno]('PCP) w,c v,d 13,0¢ 7.9d
Polychlorinatcd
]Sipl_myls t3>CBs) 2.0b 0.014b ]O.Ob 0.030b
Sr.l_ium 20.0c, ff 5.0d,ff 290¢,il, 71.0¢1,

dd x,ll,dd
Sliver dd y,a - !.9a, ll
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Toxaphmc 0.73c.z 0.O0_.cl 0.21c_z 0.0002d
Zinc dd aa.¢ bb,d 90.0c,|| 81.0d.II

NOteSm Table:

a. An instam_-'o_ conccn_on not to bc cxcetded azany Lime.

b.A 24-hou: avctegc not to bc c_cccdcd.

," A |-hour average concentration not to Ix exceededmore _h_as
once cvuy three ycars on the average.

4, A 4-day avcragc conce-nlralionnot to ix exceeded more than
once eve_. d_c_ yeats an chcavcr-_c.

e. Alddm is metabolicad_y c_nvcfted to Dicld_n- Thereforr_ the
Sum of the Aldrin and Dieldrin conccnmadons are compared
_ith the Dieldrin crit_ia.

f. Shall not exceed the numcrlcal value given by:

0.52 - (TI")(FPHX2)
whom: FT- 10/°mt_vc'_)_; TCAP _<T _<30

F'l'= 10lao_<:°'T_;; 0 .<T < TCAY
FPH= 1,8_<pH_<9
FPH= (1 �10_'t'_ �1.25; 6.5 _<pH <_&0

TCA= 20°C; Sa[monidsprcs_nL
P

TCA= 25"C; Salmonids absent.
P

g. Shall not exceed the numc_ca/value Civcn by:

0.80 �(F'_FPI[XI_AT]O)
wh©r¢: RATIO = 13.$ ; 7.7 _<pH _<9

RATIO ,,

(20.25 x 10°'_)) �(l+10_4"_)) : 6.S < pH < 7.7
where: FT and RPH arcu shownin {0 above except:

TC_ e 15"C; Salmonidspresent.
TC._ = 2_'C; SahTtonidsabscm.

h. Me.',-ur_d m milligrams per liter _hcr than microgramsper liar.

i. _<{0.944X_l,|28[']o(hardr_ss)]-3.g2S)) at hm'dncss- 100. Conversionfaclor (CF) of 0.944 is hardnessdependent. C.F is
c_IculaLcdfor other hardncssesas follows: C_'= |.I 366?2 - [(In hatdnessX0.041 _38)].

j. _'3(0.909Xc(0,?$52['Jn(hardne1:s)]-3.490)) at hatting'as- 100. Conversions f_clor (CF) 0{0.909 is hardness dependent.C_ is
ealculatc_/or other h_dnest,cs as follows: CF= 1.101672 - [(In hafdneSSX0.041838)].

•k. Criterion _ on dissolved chloride in association wi_ sodium. This c'_terion probably will not be _u_lcqu_cly protective
when d_¢chloride is as_:iated with potassium, calcium, or magnesium, I-u.hc_than sodium,

L Salinity dependent effectS. At low s_dlni_ the i-hour average m_y not b_ sufficiently I_rotccdve.

m. _<(0.316)c t° ,,,_,,o..,_.,_-_._)

n. _<(0.860)¢ (°s_'_'O'._'')! "_'_')

o. < (0.960Xc _°_'=_m"_')l'' 4_4_)

p._<(0.960)(c_'s'_'_'>3.'''))

2
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q. < (0.791Xe(I 2_I_*,,_,_,_]-I.*_) _ h_dnras= I00. Conversion factor (CF) o[0.79! is hardness depcndcnL CF is caJculat:J For
othr_ ha.rdacsscs as follows: CF= 1.46203 - [(In hm-dnessX0.]45712)].

r. _<(0.791X_)=_{k'01_'))'4_ atha.,_dncss-I00.Con_rldonfactor(C_ of0.791ishm-dnc_ d_c_dcnt_CF is_Ic_Istcdfor
o_¢r hm'd___t'_aS FOHO_: CF- 1.4620)-[('Inha=-dneasX0.14)TI2)].

$. If the four-dlay aycr_ _Ju_i¢ f,oncmitr'm_n is c_cccdcdmore than once in a I_r_--year period, the edible portion oFthc
con.sum_ speci_ should Ix: anaiy-z,_l.Said edible tissue concentmuor_ sJ_ll not 1_ allowed to exceed 1.0 m_g of
methylmcrcury.

< (0.998Xc(O.m_omm,-_.)]*3_*a))

u. < (0.997X= (°m4_il.r,,u_)],.t I_)

v. < eH'°°_f_-s_l

< l oos_.l').4.1.)01W._C [

x, "i'_" s_amso[ Itm fish community should bemonkorod whenever t_¢ concem_atioa aC_elenium exceeds 5.0 u_l in sahwater.

y. _<(0.83X¢(t._l_0,_M_))-!:_9)

z. C"hannciCatfish may bc more acutely _ensi|ive

,_ < (0.9?sXe(_u_ _"_')) ._.*_)}

bb _<(0.986Xe(_un_'0"_)I '__'4))

cc.Nonlethai¢ffc_ (_mwtb, C-14uptake,and chlorophyllprodu_ion)1odi_orrts(Th_3ssJosinmm_$fiv_isand Sk¢Ietonerna

¢ostao.cn)which are common ¢oWashington's waters have been noted at levels below the eslablLshedcritcria. The impotence
of these effcc_ to the diatom pupuladous and t,_ _u_uafic_stcm i$ _uff'_cicnlly in quc._on to pcrsu_c the stale W a_op_the
USEPA Notional Criteria who (36 pg/L) as the 5_atethreshold c.dtcria,however, w'hcrcvcr practical the ambient
concenc'adoosshould not be allowed to exceed a chronicm_rine concentration of 2! pg/L.

dd These arnbicm _P.rm in the table arc for the dissolved fnu:_ion."l'_c cyanide criteria arc b_cd on the wca.k acid dLssociablc
mcthod. The mct_s criteria may no( be usedto caJcu|atcto_l recovc_bJc cfiqucn_limits unless the seasonal pm/Jtionkn8of
the di_.,_o]vedto to_l metals in the ambicm water are "known._ee thJs.J_forma_ionis al_-_'l_ thee me_J_L5criteria shah 1_
applied as torsi rccovcrabl©va/ue$, d_.nnincd by b_ck-ca]culatiun, usin8 the conversion f=ctor_ incorporated in the criterion
equalior_. Metals calorie may be adjured on a site-specific basiswhen da_aarc made available to the deparuncnt clc_iy
demon_tTafingthe c/_'¢cfiveuse of the w'_¢r cff¢-,,tantt_oapproachcst_blL_ed by USEPA, as gencraJlygu_ded by the
proceduresin USF.,PAWm_ Quali_ Standards}'bu_book, December 1993, as 5uppl_-ncntedor replaced. Information which
is u.sodto develop ¢ff'luent limits ba._d on applying meL_J.spartitioning soJdicsor the water eff'cc_ ratio approachsha/[ bc
JdcntJfic¢lin the p_'mit factsheet dewJopcd pursuantto WAC i 7.1-220-000 or 173-226-110, asappropn_e, and shall bem,_c
available for _ public cornmeal pe_od required pursuant to WAC 173-220-050 or ! 73-226-130(3), as appropriate.

_:,The crhcria for cyanide is based on the weak and d_,so¢iabk mcthed in the 17th Ed. Standard McrJ)ods for the Examination of
Wz_er and Win;reward, 4500-CN I, ,rid asrevised (see foomotc dd, above).

ff. These crilcr/a a_ebasedon the tolai-_ecoverablc fraction ofthc metal.

gg Where reed)otisto _rc I_va]cnt chromium areunava_bl¢, these crhefia arc to be rcpresemed by to_J-_ccovccablc
c_omium.

hh Tebl_ for d_ convendo_ of totai ammonia to un-ioniT.,edammonia for freshwaler can be found in the USEPA's QualJ_
Crheria for Water, 1986. Critcria conc_nlzations based on tout] ammoni_ for marine v,'atcr can be found in USF.PA AJrnbicni
Water Quality Criteria for Ammonia (S_dtwater)- 1999, EPA440/5_g-o04, April[999.

il Conversion factor IOe-.aiculate di_olved metaJ conc='ntrafion i_ 0.982.

_j Conve_ion favor to caJcu]axedissolvcd metaJ concenwation is 0.962.
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ATTACI-_IENT E

_,VAC 173-340-7490 (February 15, 2001)

WAC 173-.340..7490
Terrestrial eeologleal ¢vxluatioa procedures.

(]) Purpote.

(a) WAC I"/3-340-7490 through i 73-340-7494 define thegoah and procedures the depar'cncnt will USEfor:
(i) Determining whether a relcasc of h--,_lous subslanceslo soilmay posea threat to the tcrrcst2"ialcnvtronmcnt;
(ii) Chant_crizing existing or potcntltJ0ur,aZsto terrestri_ plants or animals exposed Io hazardous substancesin soil;
and(iii) Establishing site-specific cleanupsumclar_ rot the protcctlon of t_-;_.-_ plan_ and animals.
(b) lnformalion collected during • terrestrial ccologlcaJevaluation shall also beuse-.din developing and evziualmg
cleanup action ahcmatlves and in selecting a cleanup action undc_WAC ]73-340-350 through 173-340-390. WAC
173-340-7490 through 173-340-7494 do not necessarilyrequire a clcanup action for terrestrial ecological protection
scparme from a human health-based cleanup action Where appfopt-_ate, a terrc..co,ial ecological cva]uation may bc
conducted SOas to avoid duplicative studies of soil comaminaiion that will be remediated to address or.herconcerns.
provided in WAC 173-340-350 ('7XcXiiiXFXIi).
(c) These procedur_ are not intended to be used to evaluate potential thrr.a_ to ecological receptor3 in scd/men_,
suKac_ waXer,or wetlands. Procedures for sediment cvaluation,_ arc described in WAC !73-340-760. and for surfa¢c
wazer evaJoalion$ in WAC ! 73-_4Q-730. Procedures for wetland evaluations shall be de,ermined by the deparuncnt on
a case-by-case basis.

(2) Requirements. In thc event of a release ofa hzzardou5 _ubstancc to the soil at a site, one of the following actions
shall be r_ken:

(a) Document an excision from an)' further tcrres_al ecologlca] evaluation u_ing the crhcria in WAC 173-340-749 I;
(b) Conduct a slmpl[fied terrestrial ecological cvaluation as set forth in WAC 173-340-7492; or
(_) Conduct a site-specific ten'es_ai ecological cval,,*t_on a5 sct forth in WAC i"/3-340-7493.

(3) Goal. The goal of[he terrestrial ecological evaluation procc_ is the protection of terrestrial ecological receptors
from exposure to contaminated soil with thc polcntial to cause significant adverse Effect. For species protected under
the EndangeredSpeciesAct or other applicable laws that cxtcnd protection _oindividuals of a species,a significant
adverseeffect means an irnpaa t_ _euld significantly disrupt non.a! behavior panems [hat include, but are not
limitcd to, breeding, feeding, or shcltcr[n 8. For all other species, significant adverse effects ate cffccts that impa_[
rcprodu¢liot_ grov,lb or survival
(a) The simplified errcsu_ ecological evaluation proccsshas been developed to beprotective of terrestrial ecological
receptors at most qualifying sites, whJlcthe sit¢-R)¢cific mrrestria] ecological evaluation proccssis inzendcd to be
highly likely to be protgcdve at any site.
(b)The following policy on I_ ecological receptorsm beprotcclr.d applies to all len¢strial ecological
evaluations. For land uses otherthan indusla'ialor commercial, pmtcc_vcnes3 is evaluated relitiv¢ 1oterrcslaia] plants,
wildlife, and ecologically imporUm=functions of soil biota [hm affect plan_ or wildlife.
For Indu_u_alor commercial propertie_ currcm or fmum potential for exposureto soil contamination need only bc
cva]uated for tenem'_ wildl|fe prmeedoa. Plains and soilbiota _eed not be considered unless:
(i) The specir.s is i_mccl=d under the fed=rid Endangered Species Act; or
(ii) The toil cort*,aminationis located on an az_t of an induso'ia] or eommercia] property where vcgclation must be
maimzined Io comply with Io_a.]govcmmcm land use regulations.
(c) For the pu_ of this sr,O6o_ "indusa'itl property" m¢an_ properties meeting the dcfinition in WAC 1";3-340-
200. "Con'uncrcial propexty" means propcmes that are curmmly zoned for commercial property u_ and thai are
_arac_=dzr.d by or are eommined to mKlitional commo_ia] usessuch as offices, r=udi and wholcsale r,alc.s,
profcssionaJservir.r_ consurm:ru:rvioes, and, wtn:honsing.
(d) An)" terrestrial remedy, _nclud_ngexclusions, ba.sedat le_L_in part on future land use assumptions shall include a
completion dau: for such_m_ dcvclopmcntacceptablcto the departmenL

(4) Point of compliance.
(a) Conditional point of compliance. For sites wiLh ins'timtional ¢on13'ols to prevent axcavation of dccpcr soil, a
conditional point ofcomplLancc may be setat the biologically actlvc soil zone. This zone is assumedto extend to ¢
depth of six fc_. The depar_ncnt may approvea shc-s-pccificdepthbased on a dernonmdon that am_hcmaZivEdep_
is more xppropria_e for the site. In making this demonso_tion, the following sh_] bc consid_¢d"
(i) DEpth to which soil rnacro--invcrlebrates are likely IO
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(il) Depth to which soil turnover (bioturba_ion) h: likely m occur d-e to the activi',ics of soll invertebrates:
(iii) Depth to which animals likely to occur at the site arc cxl:_:ctcd to burro_, end
(iv) Dcplh to+which plal_ toot5 Ire likcly to e..xt_d
(b) Standard point 91 compliance. An insl_iiona! conzro! is not r_uired for soil conlxminaEion thaz is a: least fiftc,rn

feet below the ground surface. This represents • r_ie t'_rn_ of the depth of soil that could bc cxcavatexJ and
di,_ibutcd at the soil surface as • result of site development ac_ilieS, resulting in exposure by ecoiogi_nd receptors.

(5) Addition•l measures. The dcparbnenl may requ|n: additional mr..asu_s to evaluate potenliaJ _re_ to tcne_aJ
c_ologicaJ rcc_to_ notwithstanding the provisions in this and the following sc_ions, wh_ based upon a sitc-sp_ific
review, the depar_cn[ dctcrmin_ thai _ch measures arc necessary to proton1,the cnvim_.

Table 749-2

Prior[D' ConMminants of Ecological Concern for sites that Qualify for/he Simplil]cd Terrestrial t'co/ogical
Evaluation Proctqiurc."

Priority contaminant Soil comt'tntrntlOu (mg/kg)
Unrestricted inclu,q_i._lor
land tc+cb con'vncrciaJs_te

b|ETAI._ c

Anti•Oily _¢ note d S¢¢ pore d
Arsenic l[] 20 mg/kg 20 ms/',:g
Aneaic V 95 mg/kg 260 mg/kg
Bzrimm 1,250 mg/kg ],320 mg/k 8
Beryllium 25 mgYkg Scc note d
Cadmium 25 rng/kg 36 mg/kg
Chromium (total) 42 mg/kg 135 mg/k 8 *
Cobalt Sec note d Scc note d

Copper I00 rag/ks 550 mg/k S
Lead 220 mg/kg 220 mg/kg
Magnesium See _c d Secnot= d
Manganese Scc note d 23,500 mg/Ikg
Mercury, inorganic 9 mg/kg 9 m_,/kg
Mercury, 0rsanic 0.7 mf,/kg o.7 mg/kg
Molybdenum See note d 7 t rng/kg
Nickel 100 mg/kg 1,850 mg/kg
Sclcnium 0.8 mg/kg 0,$ m$/kg
Silver Scc note d _ note d
Tin 275 mf,/kg See note d

Vanadium 26 mg/kg See note d
Zinc 270 ms/kg 570 mg/kg
I'£STICIDES

Aldicarb/4ddicarb sulfone (tcr._) Sc¢ note d S_ note d
Aldrin 0.17 mg/kg 0.17 mg/k B
Bec_ne hcxachloride (including
lindane) 10 mg/kg 10 mg/kg
Carbofumn See nolo d Scc note d
Chlordane 1 mg/kg 7 mg/kg
Chlorpypifoslchlorpyfilos-methyl
(total) See note d S_: note 4

DDT/DDD/DDE (total) ! mg/kg | mg/kg
Dieldrin 0.17 mg/kg 0.17 mg/kg
Eadosulfan Scc note d See note d
Endrin 0.4 mf,/kg 0.4 ms/kg
Hep_achJorPtu:ptacblorepoxl_
(muff) 0,6 mg/kg 0.6 mg/kg
Hexac.__= 31 mg/kg 31 mg/kg
Parathion/methyl parathion (_t_) S<u:note d k note d
Pentachloropbevol 11 mg/kg i I mg/kg
Toxapl_m: See note d S_: note d
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OTHER CHLORINATED
ORGANICS

C1"dorinaxeddibenzofunns(t_) 3E-06mg/kg 3E-06mg/kg
Dioxins(mud) _E-06rag/kS 5E-,06mt/k_
Hcxachioroph_t¢ See na¢ d See notcd
PCBmix'_te$(tmJ) 2 _ 2mg/_
Pcntar.hior_ 168 mK/icg Sc¢ note d
OTHER NON CHI.,O]K]_ATI[D
ORGAIN]CS
Accnaphthcn= S_: note d Scc note d
Bcnzo(a)_-rc_e 30 mf,/kg 300 ms/kg
Bis (2..ethylhexyl) ph_aJate Scc noted See note d
Di-n-butyl phthaJatc 200 roSA_ Sccnote d
PETROLELrM

Gasoline Range Or8anics 200 mg/k& ] 2,000 mg/kg
except thin d_
concr.nl3"ation
shall not exceed
residual
ltatcura|ionat {,he
soil s_fftcc.

Dicse! R_nfc Organics 460 mg/kg I5,000 mg/kg
exc'cpt that the
concenb"afion
shall not exceed
realid.uid
•arumtion at the

" soi| surface.

Footnozzs:

s Caution on m;susing d)_e chemical conccntt=uionnumbers. These values have been developed for u_ at siteswhere a sitc-
sl_cific _rr_riaJ ccologlcal evaluation is not required. The)"arc nol intendedto be protective of tcrr¢_zl ¢.colosical
receptors_ every site. Excccdanccsof the v_ducsin this table do not ncccsr,=zlJy_,_¢r requirements for cleanup_t_on under
this chapter.The table is not inlcndcd for puz'pos_ such _ cvaJuazingsludgesor wa._J.
This lisz docs not imply that samplin8 must b¢ conductedfor each of thc'_cchcmicaJsat evcw site. Sampling should b¢
conduct¢d/or those chcmic_s that misht b¢ presentINucdon available information, suchu currentand pa._ usesof chemicals
at the s'kc.

bApplies to any site thai does not m_ct the ckrmit|on ofinduslria! or commercial
cFor arsenic, use th¢ v'_lenc¢=uuemost likely Io be _propria|c for sitc condition& unless labor'azoryin[ormation is available.

V,'h_-_==oilcood[lion_ allcmale between returned, ana='obic and unsaturated,aerobic st,ttc_ resuhJnEin the =tltcmating
prcscnce o[_u_nic II] and mlenic V, the ar-_Jc IH con¢cnO'atJonsshall apply.

d Sa,('ccooccntr_tion has not yet been established.
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of the e_ht RCRA metals (Attachment E). These conce.ntratJo=s arc developed to protect
wildlife through dizeet inZesdon of soil using a robin/shrew food chain model, two
sm-rogat¢ r¢ccptors meant to repro.sent highly exposed species. Soil conce.ntr,,tions wcrc

also developed for plants and soil inv_ebrates using toxicity values from the published
lit=raturc. The most l-_strictive value was then plac=d into Table 749-2.

Generally. the Method A concenh-atlon._ ate less than mrsimilar to Table 749-2
(se," Table I). Howev_, the MTCA Method A sta.ndm'fls list does not include value-, for

bar/,lm, tom] ehromi_,= or selerdu.na. For th_se constituents, the Table 749-2 ecological
standards listed in Table 1 (adjusted for background and PQLs) will be used as scrccnin=_
cntcr/a for the top three feet of _nbanianent fill.

3. The Port of Seattle will monitor the seepage water from the rock underdrain
far contaminaJats. Monitoring shall be for a period of 10 years, on a monthly basis.
Based ou the monitoring resu/ts, the monitortn_ schedule may be modified by F-%VS.

The Port of Seatd¢ shall prepare a water quality monitoring plan to track the
quality of seepage _om r,hc drainage layer beneath the Third Runway emban_nent fill.
Such a plan shall be prepared to address the amount ofmonitonng m a tiered or phased
approach. For example, ifit is determ/ned that water flowing tb.rough the new
embank_nent is exc¢c.ding designa_:d su.,-face water quality criteria, new monitoring
points may ba established b:tween the ta'nbankment and Millm Creek to evalu;_te the

fa_c and transport of_e impacted fill water. Monitorm 8 Miller Creek would represent
the final phase of a monitoring program ifit were deten'nmed that constituent= in

emban_ent fill water were reaah/ng the -reek. The Port'shal! develop a momtoring plan
in consultation with FWS. The Port shall submit a draft monitor/aS plan to FWS for its
review and approval w/th/n 120 days after FWS" is._uance of a biological opinion or
concurrence letter. The monitoring plan shall provide for a minimum of three years of
mon[hly monitoring, with the monitoring period commencing upon detection of seepage
from the drainage layer of the completed embaakmenl. At the end of the thJ'ee-y_ar
monitoring p_'Tiod, the Port and FWS shall reevaluate the need to modify or continue the
monitoring program. In the event seepage is not detected withha six years after
completion ofcmbanLTnem ¢onsla-uction, the Port and EWS shall Kkewi-.e reevaluate the
need to modify or continue the monitoring program In the event monito,'-;nst detects
un _r.e_en adverse impacts to a_)aric life in the nr'oi_:t ar_n+ th_ p0_t_sbj)LLT.eini[iatc
c_onsu]hation_.,_ annro_riaLe.._.nd j._mpJ.e.m.¢t_L1n..c.a,¢._t_T._s.to addr.es.ssucLh+_m_

4, S. If material is used which is known to havc contaminants, this material shall
be distributed over a large area to avoid creating a "hot spot" i, th= embankment.

The Port of Seattle will request _S approval for those t-allmaterials proposed that
do not meet MTCA M©thod A standards, at = minimum. Information on why these
materials are tO be used and proof that their chemical constituenL¢/levels will _,ot

result in environmental impacts to aquatic organisms needs to be provided_

The use ofMTCA M,,thod A as a sc_'eening standard for incoming fill mat=rio1
will avoid the creation of'hot spots" in the emb_enL I_1the event that the Port
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from numerous so_c_ ;n the region. Thus, in column 7, a range of

screening crit_i_ bcr_veen background Icy=Is, when available, and Method
A standards is shown. _ the _"v_ the Port desires to establish site-

specific background _iteria, ic will dism_s proposed criteria with FWS
and r,initi_t¢ consultation _ appropriate. If the suppliers wish m place
soil in the da,d_age cover layer that exceedbackground concentrations, the
Port will eo*_-en the acceptability of the material by requiring sx.-pplicrs
using that source to condu,-t zufticicnt SPLP testing to show that Method
A criteria are protective ofbas*-linc conditions for sxtrface water receptors.

(iv) 're confn'rn the protectiveness of the Method A standards a_d the Three
PhasePartitio-;,g Model. SPLP testing willbe used _ a laboratory
method to ensllee that leaching ofmetMs through potential embank.-_ent

soil will not ocmarr at unacceptable levels. SPLP testing according to the
proeedm'os contained in WAC 173-340-747(7) and SPLP methodology arc
shown in Artachmenm B and D respectively. SPLP results will be
compmmd, as an initial screening tool, to freshwater ambient water quality
criteria according to guidelines ouLIincd at WAC 173-201A-040
(Attac_mezlt C). IftheSPLP results indic-ate that metals in theproposed
fill matr-rial do not leach at levels alcove t.h,- freshwater ambient water

quality criteria, adjusted for PQLs m appropriate, the material will bc
considered suitable for placement_ If the SFLP indicates that metals m tile
proposed fill material ]each ar levels above ambient water quality criteria,
[h= Port will either reject the material er-4ir_ess_%'-_e_ f t_c ZPLP
,:...",..t: __VS" aor_rova] bcfon_ accL'qotanceof the matcrial.--Jlxtott_h
.a__initiated consultation. The Port shall submit to FWS for its review and
approval a plan deataa'bing the Port's SPLP protocol. The FWS shall
approve this plan prior the Port's implementation of the SPLP protocol.

(c) _Or__m']ochlorines: The Port will employ the following standards and protocols
concerning the placement of fill in the drainage layer cover:

(i) "rh¢ Port will require testhag for organochlorincs on those sites where such
eornpo,,,_As may"be present, includirig sites with potential commercial
pesticide applications, and sites with historic wood preserving operations.
The supplier, with Port review, will identify sites potentially containing
suchcompounds through Lhcprocessdiscussedabove underResponse I

(i.e., Pha_ I and It Environmental Site AssessmenLs). Th," Port will
update guidelines provided to suppliers to clearly state that testing for
additional constituents must b,, conducted as appropriaxc based on current
md historJeR]sitelax2duSeS.

(ii) /ks with the remainder of the eznbankment fill, sources of fill proposed for
placement in the drainage layer cover which have detectable levels of
organochlorin_ will not exceed MTCA Method A criteria.
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kkConversionfactortocalcula-,dissolvcdrectalconcentrauonis0.85.

il.Manne conversionfac_r$(CF)us¢.dforcalculalingdissolv©dmetalsconcentrations.Conversionl'actor_arcapplicable10
bothacuteandchroniccrit_sforallmetalsexceptmercury.CF formc"rcu_'icapplicableto _c acuteCT1tmononly.
Conversion far.ors are aJreadyinc4:)f]_rated[n_ the criteria in the table. Dissolvexlc"nteriCm-criterion x CF

Mcml CT

A.rscnic 1.000
Cadmiu_ 0.994
Chtvmium0,3) 0.993
Copp_ 0.83
Lead 0.951
MCTCUry 0.85
Nickel 0.990
Selenium 0.998
Silver O.g5
Zinc 0.946

m The cyanide criteria are:9.1p_J] chronic_d 2.$_g,q acute and arcapplicableonly to waters which ate e_,¢tof a line from
m. Point Roberts to LawrencePoin,L,to GrottoPoim to DeceptionPass; and south fromDeception Pass and of a linc from

Partridge Point toPointWilSon,

(4)USEPA QualityCriteriaforWater,1986shaJlbeusedintheuseandinterpretationofthevalueslistedinsubsection
(3)ofthisscion,
(5) Conccnln.lionsof toxic,andoth_ substa.nccswith toxicpropensitiesno[ lislcdin s_bsection(3) of thissectionshaJI
bcdeterminedinconsiderationofUSEPA QuallryCrlzc"riaforWalt-r,1986,andisrevival,andotherrclc,'am
infon'nA[ionaL5appropriate. Hurnamhcelth-bascdwaterqualizycriteriausedby theStatea_ containedin40CFR 13l 36
(knownaStheNationalToxio Rule).
(6)Risk-basedcritcu'iaforcarcinogenicsu_ce.s shallbeselectedsuchthattheupper-boundexcesscancerriskisIcss
than orequaltooneinoncmillion.
[Starutc_,-jAuthority: Chapter904g RCWand 40 CFR 13I. 97-23-064 (Order94_19), § 173-201A-040, filed Ii/l 8/97,
effective12/19/97.Stamtor),Authoripa.:Chapter90.48RCW. 92-24-037(Order92.29),§173-201A-040.filed
lIf25/92,effecdvc12/26/92.]
NOTES:

Reviscr's note:ThebracketsandenclosedmatcriaJinthctextoftheabovesectionoccurredinthecopyfiledbythe
agency.
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Natural Background Soil Metals Concentrations in Washington State

Publication #94-115

October 1994

Executive Summary

This report contains information on the natural background concentrations of metals in surficial soilthroughout WashingtonState.The
objective of this study was to define a range of values that represent the natural concentrationof metalsin surficial soilsthroughout
Washington.The resultsof this study represent the culmination of a seven-yeareffort by Ecology (Toxics Cleanup Program) and its co-
sponsor, the USGS Water Resources Division (Tacoma Office).

Upon the completion of a small pilot project (Big Soos Creek Drainage Basin, King County, 1987),Washington was divided into 24
distinctregions based on differences in geology, soils, and climate.Twelve of these 24 regions were then selected for a statewide
assessment of Washington. These 12 regions were selected because they represent the major urban, industrial, and highly
developed core areas in Washington, which is where most cleanup sites are located. Soil sampleswere then collected from the
predominant soil series ineach of the 12 regions,with a total of 490 soil samples collected from 166locations throughoutWashington.
An effort was made to collect samples from undisturbed or undeveloped areas. Samples were collected from the "A,""B,"and "C"soil
horizons at each sampling location (ground surface to a depth of 3 ft.). Each sample was analyzed for total metals content.

The results of this studyfound that the soil metals concentrations in Westem Washington were on average slightly higher than Eastern
Washington.The population, climate,and vegetation of Westem Washington are thought to be the primary reasons for this variation.
The variation in west-to-east data are more pronounced when the 90th percentile values are compared (see Table 1 below). The one
exception was arsenic, whose east-side 90th percentile value was 15% higher than the west. Statewide and regional 90th percentile
values are presented in Table 1 below.

Table 1: Statewide & Regional 90th Percentile Values 1

A1 As2 Be Cd Cr Cu Fe Pb Mn Hg Ni Zn

State 37,200 7 2 1 42 36 42,100 17 i,i00 0.07 38 86

Wide

Puget 32,600 7 0.6 1 48 36 58,700 24 1,200 0.07 48 85

Sound

Clark 52,300 6 2 1 27 34 36,100 17 1,500 0.04 21 96

County

Yakima 33,400 5 2 1 38 27 51,500 Ii i,i00 0.05 46 79

Basin

Spokane 21,400 9 0.8 1 18 22 25,000 15 700 0.02 16 66

Basin

1All Values = mg/kg and represent total-recoverable analysis.

2 Graphite furnace atomic absorption (GFAA) analysis.

_or technical information on Natural Background Soil Metals Concentrations in Washington State, please contact:

Charles San Juan

http:// .... y wa gov/prog.... Itcp/pu94115.htm AR 012652 Pa,o, of 2



Washington State Department of Ecology 9/24/01 6:07 PM

Toxics Cleanup Program
Department of Ecology
P. 0. Box 7600

9lympia, WA 98506-7600
2"elephone: 360-407-7191
E-Mail: csan461(_ecv, wa.gov

For a complete paper copy of the report, please contact:

Publications Office
Department of Ecology
P.O. Box 7600

Olympia, WA 98504-7600
Telephone: 360-407-7472
E-_iail: ecypub(iz_ecB wa.gov

Return to the Ecology's home page

AR 0't2653
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WAC 173-340-747
Wash. Admin. Code 173-340-747

WASHINGTON ADMINISTRATIVE CODE

TITLE 173. ECOLOGY, DEPARTMENT OF
CHAPTER 173-340. MODEL TOXICS CONTROL ACT--CLEANUP--CLEANUP

PART VII--CLEANUP STANDARDS

Current with amendments adopted through 07-18-2001.

173-340-747. Deriving soil concentrations for ground water protection. (Effective August 15, 2001)

(1) Purpose. The purpose of this section is to establish soil concentrations that will not cause

contamination of ground water at levels that exceed the ground water cleanup levels established under WAC
173-340-720. Soil concentrations established under this section are used to establish either Method B soil

cleanup levels (see WAC 173-340-740 (3)(b)(iii)(A) or Method C soil cleanup levels (see WAC
173-340-745 (5)(b)(iii)(A).

For the purposes of this section, 'soil concentration' means the concentration in the soil that will not cause
an exceedance of the ground water cleanup level established under WAC 173-340-720.
(2) General requirements. The soil concentration established under this section for each hazardous

substance shall meet the following two criteria:
(a) The soil concentration shall not cause an exceedance of the ground water cleanup level established under
WAC 173-340-720. To determine if this criterion is met, one of the methodologies specified in subsections

(4) through (9) of this section shall be used; and

(b) To ensure that the criterion in (a) of this subsection is met, the soil concentration shall not result in the
accumulation of nonaqueous phase liquid on or in ground water. To determine if this criterion is met, one of
the methodologies specified in subsection (10) of this section shall be used.

(3) Overview of methods. This subsection provides an overview of the methods specified in subsections
(4) through (10) of this section for deriving soil concentrations that meet the criteria specified in subsection

(2) of this section. Certain methods are tailored for particular types of hazardous substances or sites.
Certain methods are more complex than others and certain methods require the use of site-specific data. The

specific requirements for deriving a soil concentration under a particular method may also depend on the
hazardous substance.

(a) Fixed parameter three-phase partitioning model. The three-phase partitioning model with fixed input
parameters may be used to establish a soil concentration for any hazardous substance. Site-specific data are
not required for use of this model. See subsection (4) of this section.

(b) Variable parameter three-phase partitioning model. The three-phase partitioning model with variable
input parameters may be used to establish a soil concentration for any hazardous substance. Site-specific

data are required for use of this model. See subsection (5) of this section.
(c) Four-phase partitioning model. The four-phase partitioning model may be used to derive soil

concentrations for any site where hazardous substances are present in the soil as a nonaqueous phase liquid
(NAPL). The department expects that this model will be used at sites contaminated with petroleum

hydrocarbons. Site-specific data are required for use of this model. See subsection (6) of this section.

(d) Leaching tests. Leaching tests may be used to establish soil concentrations for certain metals. Leaching

tests may also be used to establish soil concentrations for other hazardous substances, including petroleum

hydrocarbons, provided sufficient information is available to demonstrate that the leaching test can

accurately predict ground water impacts. Testing of soil samples from the site is required for use of this
method. See subsection (7) of this section.

(e) Alternative fate and transport models. Fate and transport models other than those specified in
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subsections (4) through (6) of this section may be used to establish a soil concentration for any hazardous

substance. Site-specific data are required for use of such models. See subsection (8) of this section.

(f) Empirical demonstration. An empirical demonstration may be used to show that measured soil
concentrations will not cause an exceedance of the applicable ground water cleanup levels established under

WAC 173-340-720. This empirical demonstration may be used for any hazardous substance. Site- specific
data (e.g., ground water samples and soil samples) are required under this method. If the required

demonstrations cannot be made, then a protective soil concentration shall be established under one of the
methods specified in subsections (4) through (8) of this section. See subsection (9) of this section.
(g) Residual saturation. To ensure that the soil concentration established under one of the methods specified

in subsections (4) through (9) of this section will not cause an exceedance of the ground water cleanup level
established under WAC 173-340-720, the soil concentration must not result in the accumulation of

nonaqueous phase liquid (NAPL) on or in ground water. The methodologies and procedures specified in
subsection (10) of this section shall be used to determine if this criterion is met.

(4) Fixed parameter three-phase partitioning model.
(a) Overview. This subsection specifies the procedures and requirements for establishing soil

concentrations through the use of the fixed parameter three- phase partitioning model. The model may be
used to establish soil concentrations for any hazardous substance. The model may be used to calculate both
unsaturated and saturated zone soil concentrations.

This method provides default or fixed input parameters for the three-phase partitioning model that are
intended to be protective under most circumstances and conditions; site-specific measurements are not
required. In some cases it may be appropriate to use site-specific measurements for the input parameters.

Subsection (5) of this section specifies the procedures and requirements to establish site-specific input
parameters for use in the three-phase partitioning model.

(b) Description of the model. The three-phase partitioning model is described by the following equation:

TABULAR OR GRAPHIC MATERIAL SET FORTH AT THIS POINT IS NOT DISPLAYABLE

Where:

C subs = Soil concentration (mg/kg)

C subw = Ground water cleanup level established under WAC 173-340-720 (ug/l)

UCF = Unit conversion factor (img/l,000 ug)

DF = Dilution factor (dimensionless: 20 for unsaturated zone soil; see

(e) of this subsection for saturated zone soil)

K subd = Distribution coefficient (L/kg; see (c) of this subsection)

&thgr; Water-filled soil porosity (ml water/ml soil: 0.3 for unsaturated

subw = zone soil; see (e) of this subsection for saturated zone soil)

&thgr; Air-filled soil porosity (ml air/ml soil: 0.13 for unsaturated zone

suba = soil; see (e) of this subsection for saturated zone soil)

H subcc = Henry's law constant (dimensionless; see (d) of this subsection)

&rgr; subb Dry soil bulk density (1.5 kg/L)
=

(c) Distribution coefficient (K subd ). The default K subd values for organics and metals used in Equation
747-1 are as follows:

(i) Organics. For organic hazardous substances, the K subd value shall be derived using Equation 747-2. The

K suboc (soil organic carbon-water partition coefficient) parameter specified in Equation 747-2 shall be
derived as follows:

(A) Nonionic organics. For individual nonionic hydrophobic organic hazardous substances (e.g., benzene

and naphthalene), the K suboc values in Table 747-1 shall be used. For hazardous substances not listed in
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Table 747-1, K subd values may be developed as provided in subsection (5) of this section (variable three-

phase partitioning model).
(B) Ionizing organics. For ionizing organic hazardous substances (e.g., pentachlorophenol and benzoic acid),
the K suboc values in Table 747-2 shall be used. Table 747-2 provides K suboc values for three different

pHs. To select the appropriate K suboc value, the soil pH must be measured. The K suboc value for the
corresponding soil pH shall be used. If the soil pH falls between the pH values provided, an appropriate K

suboc value shall be selected by interpolation between the listed K suboc values.

Equation 747-2

K subd = K suboc x f suboc

Where :

K subd = Distribution coefficient (L/kg)

K suboc = Soil organic carbon-water partitioning coefficient (ml/g). See

(c) (i) of this subsection.

f suboc = Soil fraction of organic carbon (0.1% or 0.001 g/g)

(ii) Metals. For metals, the K subd values in Table 747-3 shall be used. For metals not listed in Table

747-3, K subd values may be developed as provided in subsection (5) of this section (variable three-phase
partitioning model).

(d) Henry's law constant. For petroleum fractions, the values for Henry's law constant in Table 747-4 shall
be used in Equation 747-1. For individual organic hazardous substances, the value shall be based on values in

the scientific literature. For all metals present as inorganic compounds except mercury, zero shall be used.
For mercury, either 0.47 or a value derived from the scientific literature shall be used. Derivation of Henry's

law constant from the scientific literature shall comply with WAC 173-340-702 (14), (15) and (16).
(e) Saturated zone soil concentrations. Equation 747-1 may also be used to derive concentrations for soil
that is located at or below the ground water table (the saturated zone). The following input parameters shall

be changed if Equation 747-1 is used to derive saturated zone soil concentrations:
(i) The dilution factor shall be changed from 20 to 1;
(ii) The water-filled soil porosity value shall be changed from 0.3 ml water/ml soil to 0.43 ml water/ml soil;
and

(iii) The air-filled soil porosity value shall be changed from 0.13 ml air/ml soil to zero.

(5) Variable parameter three-phase partitioning model.
(a) Overview. This section specifies the procedures and requirements to derive site-specific input

parameters for use in the three-phase partitioning model. This method may be used to establish soil
concentrations for any hazardous substance. This method may be used to calculate both unsaturated and
saturated zone soil concentrations.

This method allows for the substitution of site-specific values for the default values in Equation 747-1 for

one or more of the following five input parameters: Distribution coefficient, soil bulk density, soil
volumetric water content, soil air content, and dilution factor. The methods that may be used and the

requirements that shall be met to derive site-specific values for each of the five input parameters are

specified in (b) through (f) of this subsection.
(b) Methods for deriving a distribution coefficient (K subd ). To derive a site-specific distribution
coefficient, one of the following methods shall be used:

(i) Deriving K subd from soil fraction of organic carbon (foc) measurements. Site-specific measurements of

soil organic carbon may be used to derive distribution coefficients for nonionic hydrophobic organics using

Equation 747- 2. Soil organic carbon measurements shall be based on uncontaminated soil below the root

zone (i.e., soil greater than one meter in depth) that is representative of site conditions or in areas through
which contaminants are likely to migrate.

AR 012657
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The laboratory protocols for measuring soil organic carbon in the Puget Sound Estuary Program (March,

1986) may be used. Other methods may also be used if approved by the department. All laboratory
measurements of soil organic carbon shall be based on methods that do not include inorganic carbon in the
measurements.

(ii) Deriving K subd from site data. Site-specific measurements of the hazardous substance concentrations
in the soil and the soil pore water or ground water may be used, subject to department approval, to derive a
distribution coefficient. Distribution coefficients that have been derived from site data shall be based on

measurements of soil and ground water hazardous substance concentrations from the same depth and

location. Soil and ground water samples that have hazardous substances present as a nonaqueous phase
liquid (NAPL) shall not be used to derive a distribution coefficient and measures shall be taken to minimize

biodegradation and volatilization during sampling, transport and analysis of these samples.
(iii) Deriving K subd from batch tests. A site-specific distribution coefficient may be derived by using batch

equilibrium tests, subject to department approval, to measure hazardous substance adsorption and
desorption. The results from the batch test may be used to derive K subd from the sorption/desorption

relationship between hazardous substance concentrations in the soil and water. Samples that have hazardous
substances present as a nonaqueous phase liquid (NAPL) shall not be used to derive a distribution

coefficient and measures shall be taken to minimize biodegradation and volatilization during testing.
(iv) Deriving K subd from the scientific literature. The scientific literature may be used to derive a site-

specific distribution coefficient (K subd ) for any hazardous substance, provided the requirements in WAC
173-340-702 (14), (15) and (16) are met.

(c) Deriving soil bulk density. ASTM Method 2049 or other methods approved by the department may be
used to derive soil bulk density values.

(d) Deriving soil volumetric water content using laboratory methods. ASTM Method 2216 or other
methods approved by the department may be used to derive soil volumetric water content values.
(e) Estimating soil air content. An estimate of soil air content may be determined by calculating soil

porosity and subtracting the volumetric water content.
(f) Deriving a dilution factor from site-specific estimates of infiltration and ground water flow volume. Site-

specific estimates of infiltration and ground water flow volume may be used in the following equation to
derive a site-specific dilution factor:

Equation 747-3

DF = (Q subp + Q suba )/Q subp
Where :

DF = Dilution factor (dimensionless)

Q subp = Volume of water infiltrating (m super3 /yr)

Q suba = Ground water flow (m super3 /yr)

(i) Calculating ground water flow volume. The following equation shall be used under this method to
calculate the volume of ground water flow (Q suba ):

TABULAR OR GRAPHIC MATERIAL SET FORTH AT THIS POINT IS NOT DISPLAYABLE

Q suba = K x A x I 012658
Where:

Q suba = Ground water flow volume (m super3 /year)

K = Hydraulic conductivity (m/year). Site-specific measurements shall be

used to derive this parameter.

A = Aquifer mixing zone (m super2 ) . The aquifer mixing zone thickness

shall not exceed 5 meters in depth and be equal to a unit width of
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1 meter, unless it can be demonstrated empirically that the mixing
zone thickness exceeds 5 meters.

I = Gradient (m/m). Site-specific measurements shall be used to derive

this parameter.

(A) Equation 747-4 assumes the ground water concentrations of hazardous substances of concern
upgradient of the site are not detectable. If this assumption is not true, the dilution factor may need to be

adjusted downward in proportion to the upgradient concentration.
(B) Direct measurement of the flow velocity of ground water using methods approved by the department

may be used as a substitute for measuring the ground water hydraulic conductivity and gradient.
(ii) Calculating or estimating infiltration. The following equation shall be used under this method to calculate

the volume of water infiltrating (Q subp ):

Equation 747-5

Q subp = L x W x Inf

Where :

Q subp = Volume of water infiltrating (m super3 /year)

L = Estimated length of contaminant source area parallel to ground

water flow (m)

W = Unit width of contaminant source area (i meter)

Inf = Infiltration (m/year)

(A) Ifa default annual infiltration value (Inf) is used, the value shall meet the following requirements. For

sites west of the Cascade Mountains, the default annual infiltration value shall be 70 percent of the average
annual precipitation amount. For sites east of the Cascade Mountains, the default annual infiltration value
shall be 25 percent of the average annual precipitation amount.

(B) If a site-specific measurement or estimate of infiltration (Inf) is made, it shall be based on site
conditions without surface caps (e.g., pavement) or other structures that would control or impede

infiltration. The presence of a cover or cap may be considered when evaluating the protectiveness of a
remedy under WAC 173-340-350 through 173-340-360. If a site-specific measurement or estimate of
infiltration is made, then it must comply with WAC 173-340- 702 (14), (15) and (16).

(6) Four-phase partitioning model.

(a) Overview. This subsection specifies the procedures and requirements for establishing soil
concentrations through the use of the four-phase partitioning model. This model may be used to derive soil

concentrations for any site where hazardous substances are present in the soil as a nonaqueous phase liquid
(NAPL). The model is described in (c) of this subsection. Instructions on how to use the model to establish
protective soil concentrations are provided in (d) of this subsection.

(b) Restrictions on use of the model for alcohol enhanced fuels. The four- phase partitioning model may be
used on a case-by-case basis for soil containing fuels (e.g., gasoline) that have been enhanced with alcohol. If

the model is used for alcohol enhanced fuels, then it shall be demonstrated that the effects of cosolvency

have been adequately considered and, where necessary, taken into account when applying the model. Use of
the model for alcohol enhanced fuels without considering the effects of cosolvency and increased ground

water contamination is prohibited.

(c) Description of the model. The four-phase partitioning model is based on the following three equations:

(i) Conservation of volume equation.

Equation

747-6 AR 012659
n = &thgr; subw + &thgr; suba + &thgr; subNAPL
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Where:

n = Total soil porosity (ml total pore space/ml total soil volume). Use

a default value of 0.43 ml/ml or use a value determined from

site-specific measurements.

&thgr; Volumetric water content (ml water/ml soil). For unsaturated soil

subw = use a default value of 0.3 or a value determined from

site-specific measurements. For saturated soil this value is

unknown and must be solved for. Volumetric water content equals

the total soil porosity minus volume occupied by the NAPL.

&thgr; Volumetric air content (ml air volume/ml total soil volume). For

suba = unsaturated soil this value is unknown and must be solved for.

Volumetric air content equals the total soil porosity minus the

volume occupied by the water and NAPL. For saturated soil this
value is zero.

&thgr; Volumetric NAPL content (ml NAPL volume/ml total soil volume). For
subNAPL both unsaturated and saturated soil this value is unknown and

= must be solved for.

(ii) Four-phase partitioning equation.

TABULAR OR GRAPHIC MATERIAL SET FORTH AT THIS POINT IS NOT DISPLAYABLE

Where:

M superi Total mass of each component in the system (mg). This value is

subT = derived from site-specific measurements.

m subsoil = Total soil mass (kg).

x subi = Mole fraction (at equilibrium) of each component (dimensionless).
This value is unknown and must be solved for.

S subi = Solubility of each component (mg/l). See Table 747-4 for petroleum

hydrocarbons; see the scientific literature for other hazardous
substances.

P subb = Dry soil bulk density (1.5 kg/l).

K superi Soil organic carbon-water partitioning coefficient for each

suboc = component (i/kg). See Table 747-4 for petroleum hydrocarbons;

see subsection (4) (b) of this section for other hazardous

substances.

f suboc = Mass fraction of soil natural organic carbon (0.001 g soil

organic/g soil).

H superi Henry's law constant for each component (dimensionless). See Table

subcc = 747-4 for petroleum hydrocarbons; see subsection (4) (c) of this

section for other hazardous substances.

GFW subi = Gram formula weight, or molecular weight of each component

(mg/mol). See Table 747-4 for petroleum hydrocarbons; see the
scientific literature for other hazardous substances.

&rgr;NAPL = Molar density of the mixture (mol/l). See Equation 747-8.

Component = For petroleum mixtures, this means the petroleum fractions, and

organic hazardous substances with a reference dose; for other

hazardous substances, this means each organic hazardous
substance that is found in the NAPL.

(iii) Molar density equation. AR 012660
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Where:

GFW subi = Gram formula weight, or molecular weight of each component

(mg/mol). See Table 747-4 for petroleum hydrocarbons; see the
scientific literature for other hazardous substances.

x subi = Mole fraction (at equilibrium) of each component (dimensionless).
This value is unknown and must be solved for.

&rgr; subi Density of each component (mg/l). See Table 747-4 for petroleum

= hydrocarbons; see the scientific literature for other hazardous
substances.

Component = For petroleum mixtures, this means the petroleum fractions plus
organic hazardous substances with a reference dose; for other

hazardous substances, this means each organic hazardous
substance that is found in the NAPL.

(d) Instructions for using the model. This subsection provides instructions for using the four-phase

partitioning model to predict ground water concentrations and to establish protective soil concentrations.
The model uses an iterative process to simultaneously solve multiple equations for several unknowns (see

step 4 for the number of equations). To predict a ground water concentration, the mole fraction of each
component (at equilibrium) must be known. The predicted ground water concentration is obtained by

multiplying the water solubility of each component by the equilibrated mole fraction (Equation 747-7).
(i) Step 1: Measure hazardous substance soil concentrations. Collect and analyze soil samples and, if

appropriate, samples of the product released, for each component. For petroleum hydrocarbons, see Table
830-1 for a description of what to analyze for.
(ii) Step 2: Derive physical/chemical data. For each of the components, determine the Henry's law constant,

water solubility, soil organic carbon-water partitioning coefficient, density and molecular weight values. For
petroleum hydrocarbons, see Table 747-4.

(iii) Step 3: Derive soil parameters. Derive a value for each of the following soil parameters as follows:
(A) Soil organic carbon content. Use the default value (0.001 g soil organic/g soil) or a site-specific value

derived under subsection (5)(b)(i) of this section.
(B) Soil volumetric water content. Use the default value (0.43 minus the volume of NAPL and air) or a site-

specific value derived under subsection (5)(d) of this section.
(C) Soil volumetric air content. Use the default value (0.13 ml/ml for unsaturated zone soil; zero for

saturated zone soil) or a site-specific value derived under subsection (5)(e) of this section.
(D) Soil bulk density and porosity. Use the default values of 1.5 kg/l for soil bulk density and 0.43 for soil

porosity or use site-specific values. If a site-specific value for bulk density is used, the method specified in
subsection (5)(c) of this subsection shall be used. If a site-specific bulk density value is used, a site-specific

porosity value shall also be used. The site-specific soil porosity value may be calculated using a default soil
specific gravity of 2.65 g/ml or measuring the soil specific gravity using ASTM Method D 854.

(iv) Step 4: Predict a soil pore water concentration. Equation 747-7 shall be used to predict the soil pore
water concentration for each component. To do this, multiple versions of Equation 747-7 shall be

constructed, one for each of the components using the associated parameter inputs for K suboc, H subcc,
GFW, and S. These equations shall then be combined with Equations 747-6 and 747-8 and the condition

that &Sgr;x subi = 1 and solved simultaneously for the unknowns in the equations (mole fraction of each

component (X subi ), volumetric NAPL content (&thgr; subNAPL ), and either the volumetric water
content (&thgr; subw ) or the volumetric air content (&thgr; suba ).

(v) Step 5: Derive a dilution factor. Derive a dilution factor using one of the following two methods:
(A) Use the default value of 20 for unsaturated soils and 1 for saturated soils); or

AR 012661
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(B) Derive a site-specific value using site-specific estimates of infiltration and ground water flow volume

under subsection (5)(0 of this section.

(vi) Step 6: Calculate a predicted ground water concentration. Calculate a predicted ground water
concentration for each component by dividing the predicted soil pore water concentration for each

component by a dilution factor to account for the dilution that occurs once the component enters ground
water.

(vii) Step 7: Establishing protective soil concentrations.
(A) Petroleum mixtures. For petroleum mixtures, compare the predicted ground water concentration for

each component and for the total petroleum hydrocarbon mixture (sum of the petroleum components in the
NAPL) with the applicable ground water cleanup level established under WAC 173-340-720.

(I) If the predicted ground water concentration for each of the components and for the total petroleum
hydrocarbon mixture is less than or equal to the applicable ground water cleanup level, then the soil
concentrations measured at the site are protective.

(II) If the condition in (d)(vii)(A)(I) of this subsection is not met, then the soil concentrations measured at

the site are not protective. In this situation, the four-phase partitioning model can be used in an iterative
process to calculate protective soil concentrations.
(B) Other mixtures. For mixtures that do not include petroleum hydrocarbons, compare the predicted

ground water concentration for each hazardous substance in the mixture with the applicable ground water

cleanup level established under WAC 173-340-720.
(I) If the predicted ground water concentration for each of the hazardous substances in the mixture is less

than or equal to the applicable ground water cleanup level, then the soil concentrations measured at the site
are protective.

(II) If the condition in (d)(vii)(B)(I) of this subsection is not met, then the soil concentrations measured at
the site are not protective. In this situation, the four-phase partitioning model can be used in an iterative

process to calculate protective soil concentrations.
(7) Leaching tests.

(a) Overview. This subsection specifies the procedures and requirements for deriving soil concentrations
through the use of leaching tests. Leaching tests may be used to establish soil concentrations for the
following specified metals: Arsenic, cadmium, total chromium, hexavalent chromium, copper, lead, mercury,
nickel, selenium, and zinc (see (b) and (c) of this subsection). Leaching tests may also be used to establish

soil concentrations for other hazardous substances, including petroleum hydrocarbons, provided sufficient
information is available to correlate leaching test results with ground water impacts (see (d) of this

subsection). Testing of soil samples from the site is required for use of this method.
(b) Leaching tests for specified metals. If leaching tests are used to establish soil concentrations for the

specified metals, the following two leaching tests may be used:
(i) EPA Method 1312, Synthetic Precipitation Leaching Procedure (SPLP). Fluid #3 (pH = 5.0),

representing acid rain in the western United States, shall be used when conducting this test. This test may

underestimate ground water impacts when acidic conditions exist due to significant biological degradation or
for other reasons. Underestimation of ground water impacts may occur, for example, when soils
contaminated with metals are located in wood waste, in municipal solid waste landfills, in high sulfur

content mining wastes, or in other situations with a pH <6. Consequently, this test shall not be used in
these situations and the TCLP test should be used instead.

(ii) EPA Method 1311, Toxicity Characteristic Leaching Procedure (TCLP). Fluid #1 (pH = 4.93),

representing organic acids generated by biological degradation processes, shall be used when conducting this
test. This test is intended to represent situations where acidic conditions are present due to biological

degradation such as in municipal solid waste landfills. Thus, it may underestimate ground water impacts

where this is not the case and the metals of interest are more soluble under alkaline conditions. An example
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of this would be arsenic occurring in alkaline (pH >8) waste or soils. Consequently, this test shall not be
used in these situations and the SPLP test should be used instead.

(c) Criteria for specified metals. When using either EPA Method 1312 or 1311, the analytical methods used

for analysis of the leaching test effluent shall be sufficiently sensitive to quantify hazardous substances at
concentrations at the ground water cleanup level established under WAC 173-340-720. For a soil metals

concentration derived under (b) of this subsection to be considered protective of ground water, the leaching

test effluent concentration shall meet the following criteria:
(i) For cadmium, lead and zinc, the leaching test effluent concentration shall be less than or equal to ten (10)

times the applicable ground water cleanup level established under WAC 173-340-720.

(ii) For arsenic, total chromium, hexavalent chromium, copper, mercury, nickel and selenium, the leaching

test effluent concentration shall be less than or equal to the applicable ground water cleanup level
established under WAC 173-340-720.

(d) Leaching tests for other hazardous substances. Leaching tests using the methods specified in this

subsection may also be used for hazardous substances other than the metals specifically ideritified in this
subsection, including petroleum hydrocarbons. Alternative leaching test methods may also be used for any
hazardous substance, including the metals specifically identified in this subsection. Use of the leaching tests

specified in (b) and (c) of this subsection for other hazardous substances or in a manner not specified in (b)
and (c) of this subsection, or use of alternative leaching tests for any hazardous substance, is subject to

department approval and the user must demonstrate with site-specific field or laboratory data or other
empirical data that the leaching test can accurately predict ground water impacts. The department will use

the criteria in WAC 173-340-702 (14), (15) and (16) to evaluate the appropriateness of these alternative
methods under WAC 173-340- 702 (14), (15) and (16).
(8) Alternative fate and transport models.

(a) Overview. This subsection specifies the procedures and requirements for establishing soil
concentrations through the use of fate and transport models other than those specified in subsections (4)
through (6) of this section. These alternative models may be used to establish a soil concentration for any

hazardous substance. Site-specific data are required for use of these models.

(b) Assumptions. When using alternative models, chemical partitioning and advective flow may be coupled
with other processes to predict contaminant fate and transport, provided the following conditions are met:
(i) Sorption. Sorption values shall be derived in accordance with either subsection (4)(c) of this section or

the methods specified in subsection (5)(b) of this section.

(ii) Vapor phase partitioning. If Henry's law constant is used to establish vapor phase partitioning, then the
constant shall be derived in accordance with subsection (4)(d) of this section.
(iii) Natural biodegradation. Rates of natural biodegradation shall be derived from site-specific
measurements.

(iv) Dispersion. Estimates of dispersion shall be derived from either site- specific measurements or
literature values.

(v) Decaying source. Fate and transport algorithms may be used that account for decay over time.

(vi) Dilution. Dilution shall be based on site-specific measurements or estimated using a model
incorporating site-specific characteristics. If detectable concentrations of hazardous substances are present

in upgradient ground water, then the dilution factor may need to be adjusted downward in proportion to the

background (upgradient) concentration.

(vii) Infiltration. Infiltration shall be derived in accordance with subsection (5)(f)(ii)(A) or (B) of this
section.

(c) Evaluation criteria. Proposed fate and transport models, input parameters, and assumptions shall

comply with WAC 173-340-702 (14), (15) and (16).

(9) Empirical demonstration. AR 012663
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(a) Overview. This subsection specifies the procedures and requirements for demonstrating empirically that

soil concentrations measured at the site will not cause an exceedance of the applicable ground water cleanup
levels established under WAC 173-340-720. This empirical demonstration may be used for any hazardous

substance. Site-specific data (e.g., ground water and soil samples) are required under this method. If the
demonstrations required under (b) of this subsection cannot be made, then a protective soil concentration

shall be established under one of the methods specified in subsections (4) through (8) of this section.
(b) Requirements. To demonstrate empirically that measured soil concentrations will not cause an

exceedance of the applicable ground water cleanup levels established under WAC 173-340-720, the
following shall be demonstrated:

(i) The measured ground water concentration is less than or equal to the applicable ground water cleanup
level established under WAC 173-340-720; and

(ii) The measured soil concentration will not cause an exceedance of the applicable ground water cleanup
level established under WAC 173-340-720 at any time in the future. Specifically, it must be demonstrated
that a sufficient amount of time has elapsed for migration of hazardous substances from soil into ground

water to occur and that the characteristics of the site (e.g., depth to ground water and infiltration) are
representative of future site conditions. This demonstration may also include a measurement or calculation

of the attenuating capacity of soil between the source of the hazardous substance and the ground water table
using site-specific data.

(c) Evaluation criteria. Empirical demonstrations shall be based on methods approved by the department.
Those methods shall comply with WAC 173-340-702 (14), (15) and (16).
(10) Residual saturation.

(a) Overview. To ensure the soil concentrations established under one of the methods specified in
subsections (4) through (9) of this section will not cause an exceedance of the ground water cleanup level
established under WAC 173- 340-720, the soil concentrations must not result in the accumulation of

nonaqueous phase liquid on or in ground water (see subsection (2)(b) of this section). To determine if this
criterion is met, either an empirical demonstration must be made (see (c) of this subsection) or residual

saturation screening levels must be established and compared with the soil concentrations established under
one of the methods specified in subsections (4) through (9) of this section (see (d) and (e) of this

subsection). This subsection applies to any site where hazardous substances are present as a nonaqueous
phase liquid (NAPL), including sites contaminated with petroleum hydrocarbons.

(b) Definition of residual saturation. When a nonaqueous phase liquid (NAPL) is released to the soil, some

of the NAPL will be held in the soil pores or void spaces by capillary force. For the purpose of this
subsection, the concentration of hazardous substances in the soil at equilibrium conditions is called residual
saturation. At concentrations above residual saturation, the NAPL will continue to migrate due to

gravimetric and capillary forces and may eventually reach the ground water, provided a sufficient volume of
NAPL is released.

(c) Empirical demonstration. An empirical demonstration may be used to show that soil concentrations
measured at the site will not result in the accumulation of nonaqueous phase liquid on or in ground water.

An empirical demonstration may be used for any hazardous substance. Site-specific data (e.g., ground water
and soil samples) are required under this method. If the demonstrations required under (c)(i) of this

subsection cannot be made, then a protective soil concentration shall be established under (d) and (e) of this
subsection.

(i) Requirements. To demonstrate empirically that measured soil concentrations will not result in the

accumulation of nonaqueous phase liquid on or in ground water, the following shall be demonstrated:

(A) Nonaqueous phase liquid has not accumulated on or in ground water; and

(B) The measured soil concentration will not result in nonaqueous phase liquid accumulating on or in

ground water at any time in the future. Specifically, it must be demonstrated that a sufficient amount of time
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has elapsed for migration of hazardous substances from soil into ground water to occur and that the

characteristics of the site (e.g., depth to ground water and infiltration) are representative of future site

conditions. This demonstration may also include a measurement or calculation of the attenuating capacity of

soil between the source of the hazardous substance and the ground water table using site- specific data.

(iii) Evaluation criteria. Empirical demonstrations shall be based on methods approved by the department.

Those methods shall comply with WAC 173-340-702 (14), (15) and (16).

(d) Deriving residual saturation screening levels. Unless an empirical demonstration is made under (c) of this

subsection, residual saturation screening levels shall be derived and compared with the soil concentrations

derived under the methods specified in subsections (4) through (9) of this subsection to ensure that those

soil concentrations will not result in the accumulation of nonaqueous phase liquid on or in ground water.

Residual saturation screening levels shall be derived using one of the following methods.

(i) Default screening levels for petroleum hydrocarbons. Residual saturation screening levels for petroleum

hydrocarbons may be obtained from the values specified in Table 747-5.

(ii) Site-specific screening levels. Residual saturation screening levels for petroleum hydrocarbons and other

hazardous substances may be derived from site- specific measurements. Site-specific measurements of

residual saturation shall be based on methods approved by the department. Laboratory measurements or

theoretical estimates (i.e., those that are not based on site-specific measurements) of residual saturation shall

be supported and verified by site data. This may include an assessment of ground water monitoring data and

soil concentration data with depth and an analysis of the soil's texture (grain size), porosity and volumetric
water content.

(e) Adjustment to the derived soil concentrations. After residual saturation screening levels have been

derived under (d) of this subsection, the screening levels shall be compared with the soil concentrations

derived under one of the methods specified in subsections (4) through (9) of this subsection. If the residual

saturation screening level is greater than or equal to the soil concentration derived using these methods, then

no adjustment for residual saturation is necessary. If the residual saturation screening level is less than the

soil concentration derived using these methods, then the soil concentration shall be adjusted downward to

the residual saturation screening level.

(11) Ground water monitoring requirements. The department may, on a case-by- case basis, require ground

water monitoring to confirm that hazardous substance soil concentrations derived under this section meet

the criterion specified in subsection (2) of this section.

Statutory Authority: Chapter 70.105D RCW. 01-05-024 (Order 97-09A), S 173- 340-747, filed 2/12/01,
effective 8/15/01.

<General Materials (GM) - References, Annotations, or Tables>

Revisor's note:

WA ADC 173-340-747

END OF DOCUMENT
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