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DETAILED APPLICATION!

1. A remedial investigation/feasibility study sufficient to meet the
demonstrations necessary in the statute and to select a remedy under WAC 173-340-
360.

See Exhibit 1.

2. A proposed plan for cleanup of the site complying with WAC
173-340-360.

See Exhibits 1 and 2.

3. Identification of the applicant's proposed share of the cleanup,
including a detailed description of the substantial new resources to be provided to
facilitate cleanup.

The Union Station Redevelopment Project (the "Project") represents a final cleanup
action plan for the Union Station Property (the "Property"). Nitze-Stagen & Co., Inc.
("Nitze-Stagen") will bear the cost of this cleanup. Currently, the Property has a hazard
ranking of 3, but no investigation or remediation is planned by Ecology or Union Pacific, the
current owner. Niize-Stagen will spend over $ 1.2 Million on environmental enhancements
that are not currently planned by Union Pacific or required by the Department of Ecology.

These improvements include:

* testing, evaluation, removal and disposal of contaminated soil encountered during
construction;

* acomplete covering of the Property with a combination of asphalt-concrete
paving and building structures to limit the potential for direct human contact
with any remaining contaminated soil;

* monitoring to confirm continued compliance with groundwater cleanup
standards; and

! These requirements are taken from Department of Ecology Policy 520A, "Interim Policy -
- Prospective Purchaser Agreements" (August 26, 1994).
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* institutional controls to prevent exposure to contaminated soil, and potentially
contaminated groundwater, and to conduct periodic review of the status of the
Property.

Please see sections 12.1, 11.4.3, and 11.3.2 of the Feasibility Study, located at
Exhibit 1, and section 3.0 of the Cleanup Action Plan, located at Exhibit 2, for a complete
description and cost breakdown of the substantial new resources Nitze-Stagen will provide
to effectuate these improvements.

4. Information describing the applicant's ability to conduct or
finance the proposed remedial actions and the purchase, redevelopment, or reuse
proposal. This information shall include written authorization for Ecology to
contact persons financing the proposal.

See Exhibit 3, a letter from Seafirst Bank, indicating Nitze-Stagen's financial
qualifications. Any further questions regarding Nitze-Stagen's ability to conduct or finance
the proposed remedial actions and the purchase and development of the Property should be
directed to Kevin Daniels, Chief Financial Officer, Nitze-Stagen & Co., Inc., 2401 Utah
Avenue South, Suite 305, Seattle, WA 98134-1431. A letter authorizing him to provide
Ecology with any necessary information regarding financial arrangements for the Project is
also included in Exhibit 3.

5. A detailed description of (including a plan), and an updated
schedule for the purchase, redevelopment, or reuse of the site. The application
should also include a legal commitment to the proposal in the form of a purchase
option or contract or equivalent. The applicant should include information
demonstrating the proposal is consistent with current comprehensive plans and
zoning and identify any pending changes to these plans or zoning that could affect
this consistency. Copies of any correspondence with any local, state, or federal
agencies with land use jurisdiction or permitting authority for the proposal should
be included.

A detailed plan for the Project is outlined in Exhibits 1 and 2, as well as the Initial
Application. A copy of the May 23, 1996, Option Agreement between Union Pacific and
Nitze-Stagen for the Project Property is attached as Exhibit 4. As described in the Initial
Application, and the Economic Report attached as Exhibit 9, the Project Property is in a
zone in which mixed commercial/retail is a specifically permitted use. As Ecology
requested, we have attached the relevant zoning code provisions as Exhibit 5. In fact, the
City of Seatile has already issued a Property Use and Development Agreement on the
Project Property. A copy of this permit is attached as Exhibit 6.
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6. A notarized document from the current owners and operators of
the site authorizing Ecology to access the site to verify the information submitted
and oversee the cleanup, including conducting verification testing, if deemed
necessary by Ecology.

See Exhibit 4 (Article II).

7. Notarized documents from the applicant and the seller
indicating they have fully disclosed all information in their possession which relates
in any way to the propesal.

See Exhibits 7 and 4 (Article Il and Exhibit E).

8. Information demonstrating the proposed use for the site will not
contribute to the existing release or threatened release or interfere with remedial
actions that may be needed at the site,

The planned development will not interfere with cleanup actions at the Property,
will not contribute to any existing or threatened release, and is compatible with the preferred
cleanup alternative. The extent of existing contamination and the preferred cleanup
alternative are described in the attached Remedial Investigation/Feasibility Study, attached
as Exhibit 1. The preferred aiternative incorporates the planned development and includes
covering all exposed soil with either building structures or asphalt-concrete paving to
prevent direct human contact with contaminated soil; testing and properly disposing of
contaminated soil excavated during construction activities; monitoring of groundwater for
one year after the initial phase of development; and institutional controls. Groundwater
monitoring wells will be accessible for the needed period of monitoring.

Development tenants are unlikely to use or discharge hazardous substances similar
to those currently found at the Property and thus will not contribute to any existing or
threatened release.

See also section 12.1 in the Feasibility Study, attached as Exhibit 1, and section 4.0
in the Cleanup Action Plan, attached as Exhibit 2.

9. Information demonstrating the proposed use for the site will not
likely increase health risks to persons at or in the vicinity of the site. To make this
demonstration requires: a. Identification of the hazardous substances present at the
site and their concentrations; b. Activities in the potentially affected vicinity during
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and after remediation, along with identification of potential exposure pathways for
persons on-site and off-site; c. The remedial action proposed for the site; and d.
Estimates of exposures of persons in the potentially affected vicinity during and after
site purchase/redevelopment.

See Appendix I to the Feasibility Study, located at Exhibit 1, for a human health risk
evaluation for future exposure conditions demonstrating that the proposed use for the
Property will not likely increase health risks to persons at or in the vicinity of the Property.

10. A detailed description of the substantial public benefits of the
project. '

As set forth in the Initial Application, the Project will provide numerous public
benefits. These benefits will include environmental enhancements, economic benefits,
community benefits and improved aesthetics. The following discussion expands upon the
discussion in the Initial Application on two key public benefits: environmental and
economic., :

Environmental Benefits:

The environmental benefits of the Project will occur as a direct result of the
proposed cleanup action. The selected action’s components are discussed at length in both
the Feasibility Study and the Cleanup Action Plan. Nitze-Stagen is pleased to present a
cleanup action to Ecology that is both practicable and protects human health and the
environment through the permanent control of potential exposure to contaminated soil. All
potential exposure pathways are cut off using these methods. In addition, the selected
action complies with MTCA threshold requirements, including protection of human health
and the environment. Thus, the remedial action effectively and permanently protects
human health and the environment. These environmental benefits are discussed at length in
Exhibits 1 and 2.

Economic Benefits:

Redevelopment of the Property will create substantial new tax revenues for state
and local governments. These projections are summarized in a detailed economic study,
attached as Exhibit 8.

As discussed in the report, this development is extremely important to the growth
of the City of Seattle. The Project will provide considerable space for employment and will
expand the potential for the Seattle downtown business center to accommodate future

4



employment. Specifically, the Project will provide 1,200,000 square feet of economic
employment space, and produce 3,980 permanent jobs and 2,140 construction jobs, for a
total job creation of 6,120. In addition, the Project will provide $216,000,000 of private
investment, and $460,000,000 of business activity per year. The Project will produce a
minimum of $13,600,000 in annual tax revenues.

Also as discussed in the report and the Initial Application, this Project provides
numerous other benefits to the community and the local economics. It will be the first high-
rise office building complex completed since 1991 in downtown Seattle. It will positively
influence surrounding land uses and create a much-desired bridge between the International
District and Pioneer Square. Development sites that are ready-to-build, with permits in
place, are rare in the central business district in Seattle. Thus, this Project is well-located
and well-positioned in the local real estate market to help the economic center of the region
accommodate more economic energy.

11. A proposed schedule for negotiations of the prospective
purchaser agreement and a contact person for the negotiations.

As Ecology is aware, Nitze-Stagen currently has construction time constraints that
dictate obtaining an Agreement by September. We are aware that Ecology also has time
constraints concerning the review of this application. We believe that the following
schedule would accommodate our September deadline:

Initial Meeting with Ecology July 10, 1996

to review detailed application

Initial Draft of Prospective July 12, 1996
Purchaser Consent Decree

circulated

Finalize Prospective Purchaser August 12, 1996

Consent Decree
Public Comment Period Begins August 12, 1996
Complete Responsiveness Survey  September 23, 1996

Lodge Consent with Court September 30, 1996
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However, we would like to work with Ecology to determine a suitable schedule.

Bradley M. Marten, Esq., Marten & Brown Lp, 1191 2nd Ave., Suite 2200, Seattle,
WA 98101, phone number (206) 292-2604, is the person to contact regarding Prospective
Purchaser Agreement negotiations.

12. For proposals for a less than complete cleanup indicating the
current owners are expected to pay for part of the cleanup, a notarized letter from
the current owner accepting status as a PLP and indicating a willingness to negotiate
cleanup.

The Project represents a complete remedial action.

13.  Any additional and updated information that has become known
since submittal of the initial application,

Other than the additional PLP, economic, environmental, and other information
provided herein, Nitze-Stagen does not have any other revisions or additions to its initial
submittal.

14.  Additional information as requested by Ecology based on the
information in the initial application or other information necessary to process the
application.

As requested by Ecology, Nitze-Stagen has conducted a thorough search for other
potential PLPs. Please see Exhibit 9 for a summary of our findings. We have also included
a thorough economic report in response to Ecology’s questions regarding the economic
impact of the Project. Also as you requested, we are working with Susan Lee to further
develop the public participation plan.

Nitze-Stagen will be happy to provide Ecology with any additional information it
may request.



Report

Focused Remedial Investigation
and Feasibility Study
Union Station
Seattle, Washington

July 1, 1996

Prepared for

Nitze-Stagen
2401 Utah Avenue South, Suite 305
Seattle, WA 98134

and

Marten & Brown
1191 Second Avenue, Suite 2200
Seattle, WA 98101

Prepared by

FA

LANDAU ASSOCIATES, INC.
23107 100th Avenue West
P.Q. Box 1029
Edmonds, WA 98020-9129
(206) 778-0807

- and
| ¥
HARTCROWSER

1910 Fairview Avenue East
Seatltle, WA 98102-3699
(206) 324-9530



TABLE OF CONTENTS

1.0 EXECUTIVE SUMMARY

Property Soils and Hydrogeology
Soil Characterization

Summary of Soil Quality
Groundwater Characterization
Summary of Groundwater Quality

oVt b=

Conclusions
Feasibility Study Introduction
Cleanup Standards And Remedial Action Objectives

bk el el Bl ek et ek ek i asdd
—\D 00 ~3

<

Options

Development of Cleanup Action Alternatives
Evaluation of Alternatives

Preferred Cleanup Action

2.0 INTRODUCTION
2.1 RI Scope
2.2 Limitations
2.3 RI Report Organization
2.4 General Property Description
2.5 Historical Summary
2.6 Previous Property Investigations
2.7 Chronology of Significant Events

3.0 PROPERTY HYDROGEOLOGY AND SUBSURFACE CONDITIONS
3.1 Regional Geology and Groundwater Occurrence
3.2 Property Subsurface Conditions
3.3 Upper Fill Zone Groundwater Levels and Flow

4.0 SOIL CHARACTERIZATION

4.1 Soil Quality Investigations

4.2 Soil Quality Exploration and Chemical Analysis Programs
4.3 Soil Screening Criteria

4.4 Evaluation of Soil Quality Relative to Screening Criteria

4.5 Summary of Soil Quality

5.0 SUMMARY OF GROUNDWATER CHARACTERIZATION

5.1 Previous On-Property Groundwater Sampling Investigations
5.2 Previous Off-Property Groundwater Sampling Investigations
5.3 Scope of Current Groundwater Sampling Program

54 Groundwater Screening Levels

Summary of Exposure Pathway Interpretation for Current Property Use

Evaluation of General Response Actions, Technologies, and Process

&
kot
[¢]

[ i 1

Ll R R G T T gy ey
1
GO =1 OO B )

—
T
—_
le N o]

2-1
2-1
2-4
2-5
2-7
2-8
2-15
2-15

3-1
3-1
3-2
3-5

4-1
4-2
4.3
4-5
4-6

411

5-1
3-2
5-2
5-3
5-4

OTA01/96 J:AZTIO0R\012FS.TOC ii ILANDAU ASSOCIATES, INC.



5.5
5.6
5.7
5.8
3.9

6.0 EXPOSURE PATHWAY INTERPRETATION FOR CURRENT PROPERTY USE
Survey Evaluation of Property Media and Current Property Use

6.1
6.2
6.3

On-Property Groundwater Quality

Off-Property Groundwater Quality

Local Groundwater Not Used as a Drinking Water Source
Modeling of PAH Transport in Groundwater

Summary of Groundwater Quality

Conceptual Model Development and Assumptions
Summary of Findings

7.0 REMEDIAL INVESTIGATION SUMMARY

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9

Property History

Evaluation of Data Gaps

Property Soils and Hydrogeology
Soil Characterization

Summary of Soil Quality
Groundwater Characterization
Summary of Groundwater Quality

Summary of Exposure Pathway Interpretation for Current Property Use

Conclusions

8.0 REFERENCES FOR REMEDIAL INVESTIGATION

9.0 INTRODUCTION

9.1
9.2
9.3
9.4
9.5
9.6

Purpose and Objectives

Background

Previous Ecology and EPA Evaluations of the Property
Soil Removal During METRO Construction

Remedial Investigation Findings

ORGANIZATION

10.0 CLEANUP STANDARDS AND REMEDIAL ACTION OBJECTIVES

10.1
10.2
10.3

10.4

10.5

06/26/96 T\ZTR00012\FS. TOC 11

Identification of Applicable Regulations

Identification of Potential Exposure Pathways and Receptors
Cleanup Levels

10.3.1 Groundwater

10.3.2  Soil

10.3.3 Comparison of Data to Cleanup Levels

Points of Compliance

10.4.1 Groundwater

10.4.2  Soil

RAOQOs

5-4

5-11
5-12
5-15

6-1
6-1

6-4

7-1
7-1
7-3
7-4
7-5
7-6

7-8
7-9

8-1

9-1
9-1
9-2
9-2

9.3
9-4

10-1
10-1
10-2
10-3
10-3
10-6
10-7
10-7
10-7
10-8
10-8

LLANDAU ASSOCIATES, INC.



11.0 IDENTIFICATION AND EVALUATION OF CLEANUP ALTERNATIVES

11.1

11.2

11.3

11.4

11.5

KEY ASSUMPTIONS

11.1.1 Avoiding Impacts to Existing Property Structures

11.1.2 Impracticability of Complete Soil Excavation

11.1.3 Limitations of Soil Remediation

11.1.4 Limitations of Future Property Groundwater Use

EVALUATION OF GENERAL RESPONSE ACTIONS,

TECHNOLOGIES, AND PROCESS OPTIONS

DESCRIPTIONS OF CLEANUP ACTION ALTERNATIVES

11.3.1 Alternative 1

11.3.2 Alternative 2

11.3.3 Alternative 3

11.3.4 Alternative 4

EVALUATION OF CLEANUP ACTION ALTERNATIVES

11.4.1 Evaluation of Alternatives

11.4.2 Alternative 1

11.4.3 Alternative 2

11.4.4 Alternative 3

11.4.5 Alterpative 4

COMPARISON OF ALTERNATIVES

11.5.1 Protection of Human Heath and the Environment

11.5.2 Compliance with Cleanup Standards

11.5.3 Compliance with Applicabie State and Federal Laws

11.5.4  Provision for Compliance Monitoring

11.5.5 Use of Permanent Solutions to the Maximum Extent
Practicable

11.5.6 Provision of a Reasonable Restoration Time Frame

12.0 PREFERRED CLEANUP ACTION

12.1
12.2
12.3
12.4
12.5

Summary of the Preferred Cleanup Action

Justification for Selecting Preferred Cleanup Action

Applicable Local, State, and Federal Laws

Compliance with MTCA Threshold Requirements

Constituents of Concern to Remain On-Property and Measures to
Prevent Migration and Contact

13.0 REFERENCES FOR FEASIBILITY STUDY

11-1
11-1
11-2
11-2
11-2
11-3

11-3

11-8

11-8
11-10
11-11
11-13
11-15
11-17
11-18
11-20
11-22
11-24
11-28
11-28
11-29
11-29
11-29

11-29
11-32

12-1
12-1
12-3
12-4
12-4

12-5

13-1

06/26/96 JAZTHO0R012ES. TOC iv LLANDAU ASSOCIATES, INC.



Appendices

A

B

Groundwater Sample Collection Methods, Well Installation/Water Level Monitoring
Boring Logs and Construction data for Monitoring Wells

Data Quality Review

Soil and Groundwater Summary Database

Multimed Model Input Parameters and Results

TPH Laboratory Chromatograms, May 1996 Groundwater Samples
Letters from EPA, Ecology, and DOH

Supplemental Information from Previous Reports

Human Health Risk Evaluvation for Future Exposure Conditions
Previous EPA and Ecology Site Inspection Reports

Alternative Cost Estimation Supporting Information

cPAH Biodegradation Literature Review

06/26/96 TA27308\012FS . TOC v LLANDAU ASSOCIATES, INC.



LIST OF FIGURES

Figure Title

1-1 Vicinity Map
2-1 Composite Plan of Former Structures and Shoreline

2-2 Property and Vicinity Map Showing Previous Explorations and Recently Installed
Groundwater Monitoring Wells

3-1 Site and Exploration Plan Showing Cross Section Locations

32 Generalized Subsurface Cross Section A-A'
Union Station Development SE

3-3 Generalized Subsurface Cross Section B-B'
Union Station Development SE

3-4 Generalized Subsurface Cross Section C-C'
Union Station Development SE

3-5 Groundwater Elevation Contour Map of the Fill Water-Bearing Zone

4-1 MTCA Method B Residential (Direct Contact) Soil Screening Level Exceedances for
On-Property Samples Between 0 to 15 Feet Depth

5-1 Marine Surface Water Quality Criteria Exceedances for Groundwater

6-1 Generalized Conceptual Model of Potential Exposure Pathways 0 Current Property Use

9-1 Plan Map with Existing and Planned Structures

9-2 Plan Map with Location of Proposed Structures

11-1 Plan Map Showing Unpaved Areas

11-2 Plan Map with Features of Alternative 2
11-3 Plan Map with Features of Alternative 3
11-4 Plan Map with Features of Alternative 4

11-5 Exposure Risk and Estimated Cost

06/26/56 T:A273\00R\012FS, TOC vi LANDAU ASSOCIATES, INC.



Table
1-1
3-1
4-1
4-2
4-3

4-4

5-1

5-3
5-4

5-5
5-7
5-8
59
10-1
10-2
10-3
104
10-5

10-6
11-1

11-2

11-3

LIST OF TABLES

Title

Summary of Potential Constituents of Concern on the Property by Media
Groundwater Elevation Data

Union Station Sample Information Table (Soil)

Statistical Summary of On-Property Soil Samples Less than 15 Feet in Depth
Relative to MTCA Method B Residential Screening Levels

Statistical Summary of Off-Property Soil Samples Less than 15 Feet in Depth
Relative to MTCA Method B Residential Screening Levels

Statistical Summary of On-Property Soil Samples Relative to Soil Concentrations
Protective of Marine Surface Water Screening Levels

Statistical Summary of Off-Property Soil Samples Relative to Soil Concentrations
Protective of Marine Surface Water Screening Levels

Union Station Sample Information Table (Groundwater)

Screening Criteria Exceedences in Previous On-Property Groundwater Samples
Screening Criteria Exceedences in May 1996 On-Property Groundwater Samples
Statistical Summary of Previous On-Property Groundwater Quality Data Relative to
Marine Water Quality Standards

Statistical Summary of May 1996 On-Property Groundwater Quality Data Relative
to Marine Water Quality Standards

Screening Criteria Exceedences in Previous Off-Property Groundwater Samples
Screening Criteria Exceedences in May 1996 Off-Property Groundwater Samples
Statistical Summary of Previous Off-Property Groundwater Quality Data Relative to
Marine Water Quality Standards

Statistical Summary of May 1996 Off-Property Groundwater Quality Data Relative
to Marine Water Quality Standards

Identification and Evaluation of Applicable Laws and Regulaitons

Groundwater Cleanup Levels Based on Marine Surface Water Protection

Soil Cleanup Levels

Adjustments to Noncarcinogenic Surface Water and Groundwater Cleanup Levels
Comparison of On-Property Groundwater Quality Data to GroundWater Quality
Standards

Comparison of On-Property Soil Quality Data Relative to Soil Cleanup Levels
Evaluation of General Response Actions, Technologies, and Process Options for
Soil

Evaluation of General Response Actions, Technologies, and Process Options for
Groundwater

Summary of Comparative Analysis of Alternatives

07/01/96 JA273\008012\FS. TOC vii LLANDAU ASSOCIATES, INC.



1.0 EXECUTIVE SUMMARY

This report summarizes the results of a remedial investigation (RI) and feasibility study
(FS) for the Union Station property (property) under the Washington State Model Toxics Control
Act (MTCA) Prospective Purchaser Agreement (PPA) program (in accordance with August 29,
1994, guidance) administered by the Washington State Department of Ecology (Ecology). The
property is located at the south end of downtown Seattle, between the Pioneer Square and
International Districts (Figure 1-1). The property, totaling approximately 7.5 acres, consists of
the historic Union Station building on the northern portion of the property, the METRO bus
tunnel on the eastern portion of the property, and undeveloped areas. As shown on Figure 1-1,
the property is discussed as three parcels, the North, Main, and South, for clarity in this RI.

Planned Future Use. Nitze-Stagen seeks to purchase the property to build a commercial
office development that will serve as a link between the downtown business district and the
international district. Rehabilitation of the historic Union Station building is also included in the
development plans. Currently, approximately 60 percent of the property surface is covered by
the Union Station building and the METRO bus tunnel and International District Station. The
intended redevelopment will effectively cover the property with impervious surfaces associated
with the new buildings, parking areas, and pedestrian walkways. In addition, the planned
redevelopment will minimize the disturbance of subsurface soils.

Objectives. The objectives of the RI were to:

+ Compile soil quality data from previous investigations

* Identify the presence/absence of environmental impacts (soils/waters) in the areas

identified as potentially contaminated based on the property history review by

evaluating constituent concentrations relative to standards protective of human health
and the environment

+ Identify the general nature and approximate extent of contamination based on statistical
exceedance of protective standards

* Summarize physical conditions of soil and hydrogeology
+ Evaluate potential data gaps
+ Develop information to support a feasibility study.
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Property History. In the course of studies that have been completed over the last
10 years, a detailed history of the property was conducted including an extensive review of
property records, and a review of historical operational activities and practices. Relative to
potential environmental concerns, the following two primary historical property activities were
identified:

* The former coal gasification plant in the northern portion of the Main Parcel

¢ The former Vulcan Ironworks in the southern portion of the Main Parcel.

The results of the historical review formed the basis for scoping of the previous
environmental investigation work and more recent RI work plan (Hart Crowser 1996) for this RI,
which is briefly sumomarized below.

Evaluation of Data Gaps. The existing data for soil and groundwater were reviewed in
the context of a preliminary conceptual model for the property which is provided in Section 6.
Based on this review, the following data gaps were identified and the Justification for including
them or excluding them from additional investigation during this RI are provided:

* Deep Groundwater Data. Historical activities that resulted in the release of coal tar
residuals or iron works residuals occurred at and above the interface between the
former tideflat surface and the bottom of what is currently the fill layer. As a result
of this, constituents were likely influenced by lateral tidal action more than from any
potential vertical transport component. In addition, regional groundwater data indicate
upward or horizontal gradients dominate in this vicinity because of the discharge to
Elliott Bay. For these reasons, evaluation of the shallow groundwater is believed to
be sufficient for the purposes of this RI/FS which focused on the collection of current
low turbidity groundwater data in the downgradient portions of the shallow
groundwater beneath the property.

* Key Chemicals Associated with Historical Use. The historical information on coal
gasification plants and iron works (as described in more detail in Section 2) was
reviewed relative to the likelihood of the presence of key chemicals after 80 or more
years in the environment. These were further evaluated to determine if any additional
chemicals were not evaluated in previous sampling activities. The outcome of this
review indicated that the chemicals that are predominant in these historical activities
and are also persistent in the environment over long periods of time are metals and
PAH and that these should be the focus of this RI.

06/26/96 1:\273\008W0E1FS.501 1-2 LANDAU ASSOCIATES, INC.



» TPH/Oils. Although use of lubricating oils may have occurred at either of the
historical facilities, the TPH analytical method is not representative of the predominant
contaminant coal tar residuals. Evaluation of PAH better characterizes coal tars as
indicted by the composition delineated in Section 2. PAH also better represent the
potential for risk from exposure (carcinogenic PAH) and better characterize the more
mobile fraction of coal tar residuals, naphthalene. In addition, because the residual
materials from property activities have been present for over 80 years (and thus are in
approximate equilibrium conditions), it was determined that the focus for the TPH
investigation should be in the groundwater (as opposed to in the soil). Thus,
groundwater samples were collected and analyzed for TPH at the three new
downgradient and two upgradient off-property wells.

+ Cyanide. Although cyanide may be found in conjunction with coal gasification plants,
it is a relatively mobile constituent (e.g., it has high solubility). In addition, the
analytical method for analysis of cyanide often results in false positives. The combined
relative mobility, lack of persistence, and complexities of the analytical method did not
warrant additional characterization for this constituent since there was already previous
characterization results available for this constituent,

1.1 Property Soils and Hydrogeology

In general, soils in the property vicinity consist of fill, recent native alluvial and tidal soils,
and glacially overridden soils.

Property Soils. Prior to the turn of the century, a marine embayment (the Duwamish
Embayment) existed between the West Seattle highland on the west and First and Beacon Hills
on the east. According to Coast and Geodetic Survey charts, water depths within the embayment
ranged from 5 to 12 ft during the late 1800s with a shallowing toward the shoreline which existed
at the foot of Beacon and First Hill and the downtown area. Modification and filling of this
embayment began around the turn of the century and was essentially finished between 1907 and
1912, The native soils, which directly underlie the surficial fill soils at the property, are the result
of a complex sequence involving non-glacial, glacial, and marine deposition.

Historical Operations. Thus, residual materials resulting from historical activities (from
the Coal Gasification Plant and Iron Works which were established on piers over the marine
embayment on the property) occurred above the surface of the former tideland area. It is likely
that residuals were influenced by tidal flushing prior to the filling activity at the turn of the

century, and since operations in both facilities ceased by 1907, there were relatively few years of
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contribution of residuals within the new surficial fill soils. Fill material eventually covered nearly
the entire property to depths of as much as 25 ft.

Hydrogeology. Regional groundwater flow in the vicinity of the Union Station property
is generally westward toward Elliott Bay. On the property, flow in the fill groundwater zone is
in a northwesterly direction, with eventual discharge to Elliott Bay. Downward movement of
groundwater to deeper marine and glacial zones is not expected because of regionally and locally

upward gradients,

1.2 Soil Characterization

The evaluation of soil quality at the Union Station property is based primarily on ten years
of studies completed by Hart Crowser (1986, 1987a, 1987b, 1987¢c, 1993, and 1994) and Shannon
& Wilson (19862 and 1986b). Samples from various explorations including soil borings, surface
soil samples, and groundwater monitoring wells were collected and anatyzed in the vicinity of the
property.

Sampling Locations. The majority of explorations were placed on the northeastern
portion of the Main Parcel to evaluate soil quality conditions at the former coal storage houses,
retorts, coke house, shop, and plant rail line loading and off-loading areas. These areas were
identified as the most likely to contain the highest concentrations of residual wastes associated
with the former gas plant. Although some other areas for byproduct handling (including the tar
paper manufacturing area and associated tar pit, the crude oil tank, and the pipe cutting and
storage area) were identified in the northwestern portion of the parcel, these areas are currently
covered (and will remain covered) by the Union Station building. An additional focus of the
characterization work was to place explorations in the vicinity of the wharf perimeters of the
Vulcan Iron Works formerly located in the southern portion of the property.

Analytical Testing. Soil and groundwater samples from the property were analyzed for
a suite of chemicals that would be typical of the wastes associated with both the former coal
gasification plant and a metals manufacturing facility. Soil analyses performed included
semivolatile organics, pesticides/herbicides, total petroleum hydrocarbons, volatile organics, total

metals, total cyanide, and extraction procedure toxicity (EP Tox) metals (Table 4-1).
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1.3 Summary of Soil Quality

Eighty-two soil samples were collected on and off the property. The analytical results
from soils between 0 and 15 feet below ground surface were compared with the MTCA Method B
cleanup levels (residential direct contact screening levels). Although there is no MTCA Method
B cleanup level for TPH, TPH results were compared to the Method A cleanup level.

Constituents of Potential Concern. Based on a statistical analysis of the soil data for the
property, we have identified selected metals, PAH, and TPH as constituents of potential concern
for the property soils as shown in Table 1-1. None of the constituents in Table 1-1 meet the
MTCA three-fold statistical criteria. The constituents of concern were further evaluated by
comparing analytical results from soil samples collected at all depths to concentrations that are
protective of surface water (groundwater protection screening levels).

Extent of Elevated Constituents in Soil. Concentrations of PAH and metals above the
screening levels were encountered in soils collected on and immediately adjacent to the property.
In the southwest portion of the Main Parcel, with the exception of arsenic and beryllium (which
had maximum concentrations generally within 4 ft of ground surface), the maximum exceedances
of the direct contact screening levels for metals and PAH occurred between 8 and 13 ft below
ground surface.

Metals exceedances were within 10 times the screening level and confined to within the
upper 20 ft of soil. The metals exceedances are generally distributed across the property at fairly
uniform concentrations, which does not indicate a particular source. Potential sources include
both the Vulcan Iron Works operations conducted within the southern portion of the main parcel
and the fill material that was placed throughout the property.

In the northeast portion of the Main Parcel, substantially higher concentrations and
magnitude of exceedance were encountered for PAH ranging frofn depths of 18 to 50 ft below the
existing ground surface. The observed elevated PAH in subsurface soils appear to be derived
from the former gas plant operations. The highest concentrations occur along the northeastern
portion of the Main Parcel, although there is an area of elevated PAH in apparent South Jackson
Street regrade fill material that may have contained gas plant residuals in the southwestern portion
of the Main Parcel. |
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Potential Impact to Groundwater. Soils in the property area do not appear to be
significantly impacting shallow groundwater quality. Although a number of soil PAH and soil
metal concentrations are above the conservative surface water protection screening levels these
constituents generally were not encountered in groundwater samples collected during the May
1996 sampling event (see next subsection) at concentrations exceeding marine criteria protective

of Elliott Bay.

1.4  Groundwater Characterization

Groundwater samples have previously been collected in association with a number of
investigations conducted on or adjacent to the Union Station property between 1985 and 1993.
Groundwater samples collected during the previous investigations were analyzed for a number of
parameters including volatile and semivolatile organics, metals, and cyanide.

As part of this RI, three new downgradient monitoring wells were installed. The wells
were screened in the upper fill deposits. Groundwater samples were collected from the three new
wells and existing upgradient wells B-4 and B-6. Groundwater samples were analyzed for volatile
and semivolatile organics, dissolved metals, total petroleum hydrocarbons (TPH), total dissolved
soils (TDS), and total suspended solids (TSS). Groundwater samples collected from this event
are more representative of groundwater quality than previous samples since they meet current

practical quantitation limits and sample collection methods minimized turbidity.

1.5  Summary of Groundwater Quality

Thirty groundwater samples were collected on and off the property. The analytical results
from the groundwater samples were compared with water quality criteria protective of the
eventual marine receptor Elliott Bay (groundwater screening levels). This comparison was made
because property groundwater is extremely unlikely to be used as a drinking water source in the
future. The purpose of this comparison was to identify chemicals of potential concern in
groundwater.

Previous Groundwater Data. Previous groundwater sampling data show that several
upgradient wells had exceedances of the groundwater screening levels. These exceedances

included arsenic, copper, nickel, zinc, PAH, benzene, bis(2-ethylhexyl)phthalate, and cyanide.
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Benzene exceedances were present beneath South Jackson Street north of the Main Parcel. On-
property groundwater sampling also showed exceedances of arsenic, PAH, TPH, and
bis(2-ethythexyl)phthalate.

May 1996 Groundwater. The May 1996 groundwater sampling data had a single
relatively small exceedance of the screening level for arsenic, in the downgradient well HC-101.
Arsenic exceedances of similar concentrations were alsd observed in upgradient wells B-4 and
B-6. Notably, no PAH concentrations in any of the five wells sampled during this round exceeded
screening levels, indicating a high likelihood that previous sample results were biased high from
high turbidity. No other exceedances were observed in either upgradient or downgradient wells.

Groundwater Modeling. Although there were no PAH exceedances observed in the
downgradient May 1996 groundwater sampling event, we conducted groundwater modeling using
the highest concentrations from the previous data to provide additional information. The modeling
indicates that substantial concentration reductions of PAH occur within short distances (weil
before groundwater discharges to Elliott Bay), as a result of dilution and dispersion (not
accounting for attenuation caused by biological degradation or by sorption to soil particles).

Together, the recent groundwater sample analytical results along with the modeling results
indicate that groundwater on the property poses negligible risk to the eventual marine receptor of
Elliott Bay.

1.6  Summary of Exposure Pathway Interpretation for Current Property Use

The analytical results discussed above were evaluated in the context of potential current
exposure pathways to deternine whether there is the potential for exposure to elevated constituents
in property media. Because there is no current population using the unpaved portion of the
property and access to the property is restricted by chain-link with barbed wire fence, there is a
limited potential for complete exposure pathways to the soil to be present, For groundwater, there
is no current use of shallow groundwater beneath the property for drinking water, thus, the
primary potential pathway for the property is the eventual groundwater discharge to the marine
receptor of Elliott Bay.

Direct Contact with Soils. The only constituents identified above direct contact screening

levels were metals and cPAH in on-property soil samples at depths between 1.5 and 12 ft below
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ground surface. Since the property is currently fenced and has no current residential or industrial
property uses in areas where there is exposed soil, there is no potential for direct contact
exposure.

Inhalation Pathway. Generally the areas on the property not covered by buildings, the
bus tunnel, or above-ground roadways are vegetated. Since there is no current property use and
no disturbance of the property soil (which could lead to transport off the property), and no current
property users, the inhalation pathway appears to be incomplete.

Impact to Groundwater and Powngradient Receptor. The best indicator of this
potential is the actual downgradient groundwater monitoring results. This is because the historical
constituents at the property have been there for over 80 years and are, therefore, weathered and
represent approximate equilibrium conditions. Property soils do not appear to be significantly
impacting shallow groundwater quality. Although a number of PAH and metal soil concentrations
from previous sampling events were reported at concentrations above the screening levels, these
constituents generally were encountered in area groundwater during the May 1996 sampling event
at concentrations below the marine criteria protective of Elliott Bay. In the 1996 sampling, the
only constituents in property wells that exceeded groundwater screening levels (cyanide and
arsenic) were found at similar concentrations in upgradient wells.

Together, the modeling results discussed above, along with the recent groundwater sample
analytical results, indicate that groundwater on the property poses negligible risk to the eventual

marine receptor of Elliott Bay.

1.7  Conclusions

Based on the RI data, the constituents of concern are PAH and metals in subsurface soils
in the areas of the property identified above. The affected areas observed from the data are
consistent with the historical activities identified from the detailed history review of the property.
In addition, although PAH and metals above screening levels are found in subsurface soils, and
were detected in property groundwater, the only current exposure pathway identified (groundwater
transport to Elliott Bay) is not impacted by releases from the property. The sufficiency of current

property data is summarized below:
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The historical operations ceased at the property well over 80 years ago, and thus
property conditions (and residual contaminants) should approximate equilibrium
conditions

Constituents detected at the property compare well with those expected based on
historical property activities and locations

There has been a large number of on-property and off-property soil and groundwater
samples collected and analyzed for a wide variety of constituents

Constituents detected in off-property soils and upgradient wells are similar and of
similar order-of-magnitude as those on the property

Recent more representative groundwater results, especially those downgradient,
indicate no exceedances of screening levels from releases at the property

There is only one complete exposure pathway (discharge of groundwater to Elliott Bay)
that does not appear to be impacted.

Based on our review of the property data for soils and groundwater, we believe the above

factors indicate the property has been adequately characterized for the purposes of this RI and that

sufficient data are presented herein to form the basis of alternative selection in the FS (considering

the historical property uses and future planned uses).

1.8 Feasibility Study Introduction

Based on the results of the remedial investigation portion of this document, this feasibility

study has been prepared to fulfill state requirements and to recommend a remedia) alternative for

the property to assist Ecology in preparing a cleanup action plan. This feasibility study develops

four remedial alternatives to address contamination older than 80 years at three parcels of Union

Station property in Seattle and provides a preferred alternative.

The components of the feasibility study include:

Defining cleanup standards and remedial action objectives for the property

Identifying and screening potential cleanup response actions, technologies, and process
options

Developing and evaluating potential cleanup action alternatives based on MTCA
criteria
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+ Identifying a preferred cleanup action alternative that adequately protects human health
and the environment from risks associated with the constituents of concern at the

property.

The sections that follow address these components.

1.9  Cleanup Standards And Remedial Action Objectives

Cleanup standards and remedial action objectives are established for property cleanup
actions in conformance with MTCA regulations. Based on the analysis conducted in the
feasibility study, the remedial action objectives are established for the property as follows:

* Prevent ingestion or direct contact with affected soil containing metals and cPAH above

respective cleanup levels within the point of compliance.

+ Prevent transfer of constituents of concern from the soil at the property that would
result in future groundwater concentrations above the groundwater cleanup levels, at
the downgradient point of compliance.

* Prevent direct contact with or ingestion of groundwater.

Soil cleanup levels are conservatively based on residential property use conditions. The
property is zoned international district mixed and nearby uses include residential and commercial.
Groundwater cleanup standards are based on the assumption that groundwater is extremely
unlikely to be used as a future source of drinking water but would have its highest use in
discharging to the marine aquatic environment located approximately 2,000 ft to the west.
Consequently, groundwater remedial action objectives were developed for monitoring of continued
compliance with cleanup standards at the downgradient point of compliance, rather than the use
of property groundwater as a drinking water source.

Points of compliance are established for soil and groundwater. The point of compliance
for direct contact with soil is from the ground surface to a depth of 15 ft. The point of
compliance to protect groundwater is throughout the soil column. The point of compliance for
groundwater with a potential to discharge to surface water is at the property boundary;
groundwater compliance would be monitored at three downgradient wells located on the west side

of the central parcel.
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An assessment of additional regulatory requirements that could apply to property cleanup
actions was conducted, and several requirements were identified, Applicable regulations were

considered in preparing the remedial action objectives and evaluating the alternatives.

1.10  Evaluation of General Response Actions, Technologies, and Process Options

General response actions, cleanup technologies, and process options were screened and
evaluated to develop a list of functional actions that could be taken at the property to achieve
remedial action objectives. A wide range of cleanup processes was screened based on
applicability and technical implementability for contaminants associated with hydrocarbon and
manufactured gas plant sites. Cleanup processes found to be applicable to the characteristics
identified in the remedial investigation portion of this document were further evaluated based on
effectiveness, implementability, and cost to develop a list of processes from which to assemble
cleanup action alternatives. Based on the screening and evaluations, the following soil and
groundwater cleanup process options were reviewed and retained for further consideration:

* Restrictive covenants and access control (institutional controls)
* Sampling and analysis (monitoring)

» Paving (capping)

« Air sparging (in situ soil treatment)

*» Construction soil excavation/disposal (soil excavation)

* Accessible soil excavation/disposal (soil excavation).

These cleanup process options were considered potentially applicable to property conditions and
serve as the basis for development of cleanup action alternatives.

The retained in situ treatment process option (air sparging) is considered potentially
applicable for reduction of contaminant volume and toxicity, but it is not capable of achieving
MTCA soil cleanup levels throughout the property. Air sparging and related technologies are
demonstrated processes for diesel, jet fuel, and other relatively light-end hydrocarbons, but less
information is available regarding the effectiveness of the processes for biodegrading heavy

hydrocarbon constituents such as carcinogenic polycyclic aromatic hydrocarbons (cPAH).
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Consequently, the process would require an assessment of effectiveness and practicability if

implemented.

1.11  Development of Cleanup Action Alternatives

The development of candidate cleanup action alternatives takes into account the remedial

action objectives, characteristics of the property and constituents of concern, and applicable

process options. Key assumptions that affected the development of cleanup action alternatives for

the property are listed below:

Avoiding impacts to existing property structures - No cleanup action would be
undertaken that results in damage to existing property structures (e. g., bus tunnel or
Union Station) or structures adjacent to the property (e.g., public street viaducts).

Impracticability of complete soil removal - Due to the location of the majority of
contaminated soil beneath major property features (e.g., the bus tunnel, street viaducts,
Union Station), complete removal of contaminated soil is considered impracticable and
is not retained as a cleanup option.

Limitations of soil remediation - Due to access restrictions, remediation of all the
contaminated soil to achieve regulatory cleanup levels throughout the property is not
practicable; accordingly, some constituents of concern would remain on-property for
all cleanup action alternatives. The concentration of organic material in soil is too low
to support the use of some thermal technologies.

Limitations of future property groundwater use - It is extremely unlikely that
shallow property groundwater would be used as a future source of drinking water.

Four cleanup action alternatives were developed incorporating combinations of the retained

cleanup process options presented above. These alternatives provide a technical and economic

range for the detailed evaluation and comparison of cleanup action alternatives.

Alternative 1: Limited Action. Monitoring; institutional controls; and shallow soil
excavation, testing, and disposal as needed during construction.

Alternative 2: Paving. Paving (for isolation); monitoring; institutional controls; and
shallow soil excavation, testing, and disposal as needed during construction.

Alternative 3: Air Sparging. In situ air sparging; paving; monitoring; institutional
controls; shallow soil excavation, testing, and disposal as needed during construction.
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* Alternative 4: Deep Soil Excavation. Testing and disposal of the accessible portion

of the Main Parcel, paving, monitoring, and institutional controls.

A summary of each alternative and its estimated cost is presented below. The estimated
cost of the alternative includes the capital construction cost and the operation and maintenance cost
for the duration of the action. 7

Alternative 1 - Monitoring, institutional controls, and construction soil excavation
would maintain the limited potential for direct contact. Monitoring would be conducted using
existing property wells to confirm continued compliance with groundwater cleanup standards.
Due to the age of the contaminants at the property, no future exceedances are anticipated;
therefore, no active contingent remedy is included. Contaminated soil encountered during
construction activities would be removed and managed off-property in accordance with applicable
waste management regulations. Institutional controls would be implemented to control access and
potential exposure to contaminated soil, or property groundwater and to conduct periodic review
of the status of the property. This alternative is estimated to cost about $700,000.

Alternative 2 - Paving, monitoring, institutional controls, and construction soil
excavation would permanently isolate the contaminated soil through paving and construction of
building structures to further reduce the limited potential for direct contact, Contaminated soil
encountered during construction activities would be removed and managed off-property in
accordance with applicable waste management regulations, Monitoring would be conducted using
wells to confirm contimued compliance with groundwater cleanup standards. Due to the age of
the contaminants at the property, no future exceedances are anticipated; therefore, no active
contingent remedy is included. Institutional controls would be implemented to control access and
potential exposure 1o contaminated soil, or property groundwater and to conduct periodic review
of the status of the property. This alternative is estimated to cost about $1,200,000.

Alternative 3 - Air sparging, paving, monitoring, institutional controls, and
construction sofl excavation (as needed) would implement the cleanup measures associated with
Alternative 2 and would add in situ air sparging in an attempt to reduce the volume of constituents
of concern in the property soil. Air sparging uses low pressure subsurface air injection through
a system of injection wells to stimulate in situ aerobic biodegradation of the constituents of

concern present in contaminated soil. Air sparging could potentially achieve some small reduction
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of the volume of cPAH in the contaminated soil; however, this process is still considered
experimental, is not expected to significantly enhance long-term effectiveness, and is not capable
of achieving soil cleanup standards. Certain PAH compounds strongly adsorb to the organic soil
matrix and would not be degraded by biological activity. The monitoring program for this
alternative would add subsurface air analyses to monitor the air sparging operations. The
estimated present worth cost for this alternative is $3,800,000.

Alternative 4 - Accessible soil excavation, air sparging, paving, monitoring,
institutional controls, and construction soil excavation would implement the cleanup measures
associated with Alternative 3, and would also add excavation of accessible soil (soil not located
beneath existing property structures) to permanently remove this portion of the contaminated soil
from the property. Less than 30 percent of the contaminated soil is accessible, and ail of this
contaminated soil would be removed under this alternative. Areas of the property beneath the bus
tunnel, street viaducts, and Union Station building would not be excavated because of the high
potential for damage and disruption. Portions of 4th Avenue South and South Ailrport Way would
require temporary shoring and/or temporary closure to facilitate soil excavation. Selected areas
within the exposed soil would be difficult to excavate due to the presence of battered piles
(installed at an angle and extending outward) used to support the parking lid structure.
Supplemental cleanup measures for the contaminated soil remaining on-property would include
modified versions of the air sparging, paving, institutional controls, and monitoring measures
associated with Alternative 3. The estimated present worth cost for this alternative is
$22,600,000.

1.12  Evaluation of Alternatives

The cleanup action alternatives are individually and comparatively assessed according to
threshold and primary balancing criteria defined in MTCA (WAC 173-340), including
1) protection of human health and the environment; 2) compliance with cleanup standards:
3) compliance with applicable state and federal laws; 4) provision for compliance monitoring;
5) use of permanent solutions to the maximum extent practicable; 6) provision for a reasonable
restoration time frame; and 7) consideration of public concerns. Alternatives 1, 2, 3 and 4 were

all effective in accomplishing the remedial action objectives. Alternatives 1 and 2 were effective
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and had the lowest estimated cost. The air sparging step of Alternative 3 was not clearly effective
for high molecular weight aromatic hydrocarbons such as cPAH and, due to the additional cost,
this alternative was eliminated.  Alternative 4 was eliminated because the benefit from its

excavation component was considered disproportionate to the substantial additional cost.

1.13  Preferred Cleanup Action

Based on the evaluation and comparison of cleanup action alternatives, Alternatives 1 and
2 satisfy the remedial action objectives. Because the paving component of Alternative 2 is
beneficial in reducing the risk of exposure and the cost is not disproportionate to the benefit,
Alternative 2 is the preferred alternative. The preferred cleanup action effectively protects human
health and the environment by: 1) effectively preventing any potential direct contact with
contaminated soil; 2) managing contaminated soil encountered during construction in compliance
with applicable regulatory requirements; and 3) providing for institutional controls and monitoring
to identify and prevent potential exposure to contaminated media.

The primary potential risk associated with the property (direct exposure to contaminated
soil) would be effectively controlled through paving, property development, and institutional
controls. It is extremely unlikely that property groundwater would be used as a drinking water
source, given the availability of municipal water supply and regulations discouraging development
of water wells in this area. The low migration potential and the low solubility in groundwater
cause the constituents of concern in the contaminated soil to be relatively imimobile, as evidenced
by the fact that there are no exceedances of groundwater quality standards caused by releases from
the property. Consequently, there is little potential for impacts to groundwater quality.

In summary, the preferred cleanup action would effectively achieve the cleanup standards
and remedial action objectives and would provide protection of human health and the environment

from potential risks.
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TABLE 1-1

SUMMARY OF POTENTIAL CONSTITUENTS OF CONCERN
ON THE PROPERTY BY MEDIA

Groundwater Groundwater
Analyte Soil® Previous May 1996
Metals
Arsenic X X X
Beryllium X
Lead X
TPH X® X®
Semivolatiles
Bis(2-ethylhexyl)phthalate X
Benzo(a)anthracene X X
Benzo(a)pyrene X X
Benzo(b)fluoranthene X
Benzo(bk)luoranthene X
Benzo(k)fluoranthene X X
Chrysene X X
Dibenz(a,h)anthracene X X
Indeno(1,2,3-cd)pyrene X X
Fluoranthene X
Acenaphthene X

(a) Based on direct contact.
(b) Although there is no TPH Method B cleanup level, it is included as a constituent of
concern because it exceeded the corresponding Method A cleanup level.
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2.0 INTRODUCTION

This section of the Remedial Investigation (RI) summarizes the property background
information and provides an overview of the scope and technical approach of this work, the RI
organization, a general description of the property, the history of the property, and a synopsis

of previous investigations.

2.1 RI Scope

The purpose of this report is to summarize the results of the work conducted in
accordance with the work plan (Hart Crowser, 1996) to conduct a Remedial Investigation (RI)
at the Union Station property (property) located in Seattle, Washington. It also compiles and
summarizes the extensive previous investigations conducted at the property over the past decade.
The subsection below briefly summarizes the technical scope of our remedial investigation

activities.

2.1.1 Project Objectives

This RI was conducted to support a PPA with Ecology under MTCA. The objectives for
the RI study include:

. Compile soil quality data from previous investigations;

. Summarize physical conditions of soil and hydrogeology;

o Evaluation potential data gaps;

. Identify the presence/absence of environmental impacts (soils/waters) in the areas

identified as potentially contaminated based on the property history review by
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evaluating constituent concentrations relative to standards protective of human
health;

. Identify the general nature and approximate extent of contamination based on

statistical exceedence of protective standards; and

. Develop information to support a feasibility study.

2.1.2 Technical Approach

The following briefly summarizes the technical approach for the soil and groundwater

investigation at the property.

Soils. The primary focus of the soils evaluation is to review and compile the existing
analytical data of eighty-two soil samples and determine if key chemicals of potential concern

are present above appropriate MTCA cleanup levels.

We used the existing soil sample analytical data to prepare a comprehensive database.
Sample results for soils within 15 feet of existing grade are compared with the MTCA Method
B cleanup levels for direct contact. Those sample results that exceed the cleanup level are

mapped to show concentration and distribution with depth.

Sample results from surface depths to greater than 15 feet were evaluated relative to their
protectiveness of the highest beneficial use of the groundwater (i.e., eventual discharge to Elliott
Bay).

No additional soil sampling was conducted because based on our review of the compiled
existing data, we believe that the property soils are adequately characterized. We reviewed the

compiled existing data with respect to historical property use, and current property conditions

2-2



Hart Crowser
J-4515

(e.g., the cover over the property areas comprised by the Union Station Building and the Metro

bus tunnel).

Groundwater. The objective of the groundwater evaluation effort is to obtain
representative data for PAHs and metals that meet current standards for sampling procedures and
detection Iimits. These results will allow comparison of current groundwater conditions with
those reported earlier (i.e., 1987 sampling). In addition, these results compiled with the
previous twenty-five groundwater sample results form the basis for evaluating potential impacts

to the eventual downgradient receptor of Elliott Bay.

Because property groundwater will not be used as a drinking water source, groundwater

data were compared with criterja protective of marine organisms in Elljott Bay.

The current RI field effort included:

. Installation of three off-property downgradient monitoring wells (HC-101 through
HC-103) screened (at depths of approximately 5 to 15 feet below ground surface;

* Collection of groundwater samples and water level measurements in the three

newly installed wells and existing wells B-4 and B-6:

. Sampling using methods such as proper well design, development, and low-flow
sampling to minimize possible false-positive sample resuits associated with

turbidity;

° Analyzing groundwater samples by North Creek Analytical Laboratory for
PAHs/semivolatiles (EPA Method 8270), volatiles (EPA Method 8260), benzene,
toluene, ethylbenzene, and xylene (BTEX-EPA Method 8020), WTPH-G,
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WTPH-D extended, nine dissolved metals (As, Be, Cd, Cr, Cu, Pb, Ni, Ag, and
Zn - EPA Method 6000/7000), TSS (EPA Method 160.2), and TDS;

. Measuring water levels, pH, conductivity, temperature, and dissolved oxygen in
the field; and

. Summarizing analytical results and groundwater flow directions in a concise RI

text which focuses on the data presented in the summary figures and tables.

Exposure Pathway Interpretation for Current Property Use. This evaluation was

conducted to include:

. A conceptual model diagram of potential exposure pathways for current property
use including the potential marine impacts of groundwater discharge to Elliott

Bay; and

. A brief summary of the conceptual model and the findings regarding

concentrations above the appropriate MTCA cleanup levels.

2.2 Limitations

Work for this project was performed, and this report prepared, in accordance with
generally accepted professional practices for the nature and conditions of the work completed
in the same or similar localities, at the time the work was performed. It is intended for the
exclusive use of Nitze-Stagen for specific application to the referenced property. This report

is not meant o represent a legal opinion. No other warranty, express or implied, is made.

Based on the age of the previous investigations, some of the detection limits for the

analyses are above more recently established screening levels. However, these analyses were
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conducted in accordance with accepted methods for their time and are deemed acceptable for the

purposes of this RI.

Data from other consultants are included. Hart Crowser is not responsible for

completeness nor accuracy of that data.

2.3 RI Report Organization

Subsequent sections of the RI report are organized as follows:

. The remainder of Section 2.0 summarizes the property location, property history,

and previous property investigations.

* Section 3.0 summarizes the property hydrogeology including the regional
geology, groundwater occurrence, surface and subsurface conditions, and
groundwater levels and flow.

. Sections 4.0 and 5.0 describe the media characterization activities, the
comparative screening methods, and the quality of the media relative to the
selected screening criteria for soil and groundwater, respectively.

. Section 6.0 provides an evaluation of potential exposure pathways at the property
which discusses the property conceptual model in the context of the findings
described in the preceding sections.

° Section 7.0 summarizes the findings of the RI.

. Section 8.0 lists the references for the report.
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Tables and figures relevant to each section are numbered to correspond to their respective

section and are included at the end of each section.

Eight appendices follow the references:

. Appendix A presents the specific methods followed for soil and groundwater

explorations and sample collection during field activities at the property;

. Appendix B presents the logs of explorations conducted at the property;

. Appendix C summarizes the results of the data quality review conducted for soil

and groundwater samples;

. Appendix D provides a complete set of data tables for all samples and analytical

results at the property;

. Appendix E provides a listing of the groundwater model input assumption and the

modeling results;

. Appendix F provides TPH Laboratory Chromatograms for May 1996 groundwater

samples;

¢ Appendix G provides letters from EPA, Ecology, and Department of Health; and

. Appendix H provides supplemental information from previous reports.
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2.4 General Property Description

The approximately 7.5-acre property is located at the south end of downtown Seattle,
near the Kingdome, between the Pioneer Square and International Districts as shown on
Figure 1-1. It is bounded by Main Street to the north, Airport Way to the south, Fourth Avenue
to the west, and Fifth Avenue to the east. The property consists of the historic Union Station
building on the northern portion of the property, the Metro bus tunnel on the eastern portion of

the property, and undeveloped areas.

Note that this investigation was limited to identification of potential impacts to
environmental media (soil and groundwater) associated with the property. This assessment did
not include any investigation of existing buildings (e. g., Union Station), underground utilities,

or other structures (e.g., Metro bus tunnel).

Based on information compiled for the stadium EIS (Shapiro and Associates, 1996), the
property is currently zoned as International District Mixed use (IDM). Existing land use is
recorded as retail/office on the northern portion of the property and commercial/parking lot on
the southern portion of the property. Existing zoning to the north and east of the property is
also IDM. The area located west of the property is zoned Pioneer Square Mixed (PSM). The
area south of the property, comprises the Duwamish Industrial Corridor and is designated
predominantly for General Industrial (IG2) with some Commercial (C2) land uses. Specific

features pertinent to evaluating environmental issues are:

. The property is currently comprised of vacant land, the Union Station building,

and the Metro bus tunnel;

o Adjacent properties are being used for commercial, office, hotel, and parking

purposes;
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. The property is located within the downtown Seattle core, immediately north of
the Duwamish Industrial Corridor; and

. Future office building/parking/commercial uses and public plaza (open space that

consists of concrete pavers with contained raised landscaping) are part of property

planning considerations.

2.5 Historical Summary

In 1874, the Seattle Gaslight Company constructed a coal gasification plant on the
property on pilings over the mudflats of Duwamish Bay. The area surrounding the pile-
supported facility was filled in over the years. Around the turn of the century the Vulcan Iron

Works manufactured iron, brass, and steel on the southern portion of the Main Parcel.

In 1907, the gas plant was razed and the property was leveled for construction of the
existing Union Station. Vulcan Iron Works was subsequently relocated in 1910 to make room
for the new tracks leading to the Union Station. The Union Station served passengers until 1971

when Union Pacific discontinued passenger operations at the property.

The Downtown Seattle Transit Project bus tunnel, which has its southern terminus at
Union Station, was constructed in 1990. The southernmost bus station is located on the eastern
side of the property along 5th Avenue South. The tunnel boarding platforms are below grade
at the grade of the former railroad tracks on the property. Metro constructed the tunnel and the
terminal at the Union Station property and the pedestrian platform lid to the north. Union
Pacific Realty constructed the pedestrian platform lid which extends above the station to the

south.

This brief historical summary of the property is discussed in more detail below.
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2.5.1 Historical Information

From the mid-1800s until the 1950s, manufactured gas plants produced gas from coal and
oil for lighting, heating, and cooking needs throughout the country. Gas plant wastes and
byproducts were often sold or recycled for various purposes. Excess gas plant wastes and
byproducts were commonly stored in the vicinity of the gas plant properties and this 1s the

source of wastes that may still remain around many of these facilities.

The Union Station property was formerly at the edge of the tidal shoreline south of the
developing town of Seattle. Prior to about 1890, development in the property vicinity was
limited to a coal gasification plant at the shoreline margin (currently the location of Union
Station) and trestled railroad tracks that curved through the area around King Street. Use of the
tidelands areas expanded in the late 1880s and early 1890s. Buildings supported on piled
platforms were constructed in the area adjacent to the mainline rail tracks that followed what is
now Airport Way. Meanwhile, in the late 1890s, programs were developed to fill the tidelands
area to promote additional industrial expansion. Composite information on the location of

former structures and shoreline for the property is provided on Figure 2-1.

The following subsections provide a detailed chronology of property history with a focus

on the coal gasification facility.

2.5.2 Early Development in the Area

The Seattle Gaslight Company was founded in the Spring of 1873. The original plant,
which fronted the south side of South Jackson Street between 4th and Sth Avenues South, was
completed in January 1874. The plant was located at the edge of the tideline and most of the
facility was built on a piled and planked wharf extending out into the Duwamish Bay. Only the

buildings at the northeast corner of the plant were constructed on fand.
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By the late 1870s, plant expansion and improvement began. The original gasholder (a
cylindrical above-ground gas-storage unit), located at the western end of the plant, was
apparently relocated around that time; a new tank was built on the North Parcel immediately

north of South Jackson Street near 5th Avenue South.

Plant expansion continved throughout the next decade, and by the late 1880s the planked
wharf had been extended to cover over 75 percent of the block between South Jackson and South
King Streets. Also, two new gasholders were built on the North Parcel north of the main plant.
Although the buildings on the main plant property imply that this area was used exclusively for
gas generation at this time, byproduct refining was part of the overall operation. This is
indicated by the locations of the refining works including tar paper manufacturing in the

northwest corner of the property (Figure 2-1).

The plant again went through a major building phase around 1900. It appears that both
gas manufacturing and byproduct refinement were consolidated within the main plant. The latter
included manufacture of water gas, ammonia, and tar roofing paper. Most of the plant was still
built on the pile and plank platform, although by this time the tideland area surrounding the plant
had been filled; it is not known whether fill was placed only around the platform structure, or

if it was also placed underneath the structures.

The gasification plant continued in operation until 1907, when the property was leveled

in preparation for the construction of Union Station.

A series of structures raised on piles to the level of the railroad tracks that ran along what
is now Aifport Way South were built between 1888 and 1894. Some of these were associated
with railroad operations, although some appear {0 be commercial or warehouse buildings that

relied on railroad shipment for goods.
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New industrial facilities with brick construction replaced the older frame buildings in the
southern end of the parcel between Airport Way South and South Weller Street by 1900. The
major industry in the southern end of the Main Parcel was the Vulcan Iron Works plant located
between South Dearborn and South Lane Streets north of Airport Way South. The iron works
was built before 1900 and expanded in 1902 to cover the entire portion of the block north of
Airport Way South. Along with the residues from the iron, brass, and steel manufacturing
processes, it is likely that a variety of lubricants were used on property for servicing machinery
and products typical of industrial facility procedures at this time. The plant was relocated to 4th
Avenue South and South Royal Brougham Way around 1910 to make room for the new tracks

leading to Union Station,

2.5.3 Relationship between Historical Property Use and Potential Contaminant Release

Derivation of Typical Gas Plant Wastes. Gas plant wastes consist mostly of tar,
lampblack, and tarry sludges. Coal tar is a complex chemical mixture (containing more than
250 individual compounds), similar to creosote, that is derived from the destructive distiliation
of coal in coke ovens and retorts. During the process, coal is heated to 450 to 900 degrees
centigrade for approximately 16 hours. Coal vapors generated from this process are then
condensed to produce liquid, and the coal tars can then be separated out because they sink. The
resulting coal tars are then distilled to yield various fractions including: about 5% light oil, 17%

middle oil, 7% heavy oil, 9% anthracene oil, and 62% pitch.

Typical Coal Tar Chemical Composition. Major classes of chemicals and relative
percent composition associated with gas plant wastes are approximately 85% polycyclic aromatic
hydrocarbons (PAHs). The PAHs associated with coal tars have a distinctive composition
dominated by naphthalenes (11 to 14%), and phenanthrene (3 to 7%). Other chemical classes
include: 10% phenolics (e.g., phenols, cresols, napthals), 5% various inorganic sulfur and
nitrogen compounds (e.g., acridenes, cyanide, ammonia, thiodenes, sulphite), less than 5% light

aromatic hydrocarbons (benzene, toluene, ethylbenzene, and xylene [BTEX]), and trace metals
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(e.g., aluminum, arsenic, cadmium, chromium, copper, iron, lead, mercury, selenium, silver,

sodiumt, and vanadium). All of these chemicals are common constituents in the environment.

2.5.4 Tidelands, Shoreline, and Fill

The original shoreline of the tidelands in the gasification plant area crossed the Main
Parcel in a northwest-southeast slant leaving over 80 percent of the block submerged during high
tide. Grade changes in the tideflats were gradual, and it is likely that the whole block was
mudflats during low tide. The North Parcel, north of South Jackson Street was uplands (Figure
2-1).

It appears that the shoreline remained essentially the same until around 1895 to 1897,
A tidal lagoon that extended from Occidental Avenue South to 3rd Avenue South between South
Main Street and Yesler Way had been the scene of dumping and filling throughout the 1860s and
1870s. Beyond that area, however, tideland reclamation was limited and focused on extension

along the southern end of 1st Avenue South and Occidental Avenue South.

In 1895, work began on construction of a ship canal to Lake Washington through Beacon
Hill and the Rainier Valley, including dredging of associated waterways. It appears that the land
north of the Oregon and Washington Railway Company tracks, which ran east-west just south
of King Street, was filled as part of this dredging operation. Presumably, the materials came
from excavation of the East and West Channel Waterways of the Duwamish River near Harbor
Island. It is estimated that the fill was placed about 1897.

It appears that the area from the gasification plant to Airport Way South was filled or at
least partially filled between 1905 and 1909, presumably by the railroads. During 1908-1909,
the city had instituted a massive regrading of South Jackson Street immediately east of the coal -

gasification plant block, which was under construction at that time for the Union Station
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facilities. It is possible that much of the fill material placed at this time south of the new station

came from the regrade.

During the period 1909 to 1912, Oregon and Washington Railway and Navigation Co.
(Union Pacific) and the Great Northern Railway constructed the reinforced concrete viaducts on
South Jackson Street from 4th Avenue South to 5th Avenue South, on 4th Avenue South from
Jackson Street to Seattle Boulevard (Airport Way South), and on Seattle Boulevard from 4th
Avenue South to 5th Avenue South; and a retaining wall on 5th Avenue South from South Main
Street to Seattle Boulevard. These viaducts and retaining walls are still in-place and are used

for traffic flow in the study area.

Union Station was constructed in 1911 by the Oregon and Washington Railway and

Navigation Co. (Union Pacific) and the Chicago Milwaukee and St. Paul Line,

2.5.5 Recent Developments

Union Station served passengers until 1971, when Union Pacific discontinued railroad
operations at the property. Based on the existence of a rail yard and a roundhouse located south
of the station, only limited routine maintenance activities were conducted at the station with most
of the heavy maintenance activities occurring off of the property. Union Pacific continued to
use some of the building space for offices until 1978, and in 1984 they removed the railroad
tracks from the station area. The depot building is currently being used as leased space for

various social functions.

Since the abandonment of its original purpose, the Union Station area has been the target
of a variety of proposals for new uses, most of which feature the distinguished old depot as the
historic centerpiece for a larger development. The station building’s historic significance is

recognized by its inclusion in the National Register of Historic Places.
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The DSTP Bus Tunnel, which has its southern terminus at Union Station, was completed
m 1990. Refer to the FS for information on soil removal during bus tunnel construction. The
station for the southernmost bus terminal is immediately east of the Union Station building,
along 5th Avenue South. The boarding platforms for the station are below street level and at
grade with the former railroad tracks, with access to the boarding platform from entrances at
South King Street and South Jackson Street. Metro constructed the tunnel and the terminal at
the Union Station property. Union Pacific Realty constructed the lid which extends the grade
level plaza above the bus terminal southward along 5th Avenue South. Union Pacific Realty
granted an easement to Metro for the area needed for the terminal but retains development rights

associated with the land area.

2.6 Previous Property Investigations

Evaluation of environmental quality at the Union Station property is based primarily on
work completed previously by Hart Crowser (1986, 1987a, 1987b, 1987¢c, 1993, and 1994) and
Shannon & Wilson (1986a and 1986b). Figure 2-2 presents locations of explorations from these
previous investigations as well as the current RI. In addition to the three new downgradient
wells (HC-101 through HC-103), we have included the locations and sampling results from the
nearby King Street Station property to provide additional off-property downgradient groundwater
quality information. Other documents such as memoranda and records of meetings or telephone

conversations have been reviewed for supplemental information.
2.7 Chronology of Significant Events
Listed below is a chronology of selected events relating to assessment of soil and

groundwater quality near the Union Station property. The information summarized in this

section is provided in detail in each of the report/technical memo products indicated below.
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Date

1982

Fall 1984

January 1985

September 1985

February 1986

May 1986

June 1986
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Event

Hydrocarbons are noted during drilling associated with the South Jackson

Street bridge.

Preliminary Engineering Study for Downtown Seattle Transit Project
(DSTP) indicates the presence of black far-like substance near the
intersection of 5th Avenue South and South Jackson Street. Historical

coal gasification plant is identified as the source.

Analysis of three soil samples indicates the presence of hydrocarbons.
Additional soil samples confirm previous test results.

Union Pacific Realty Company (then Upland Industries) authorizes Hart
Crowser to conduct soil and groundwater quality and hydrogeologic

assessment of the Union Station property.

Union Pacific Realty, Hart Crowser, and Metro meet with Washington

State Department of Ecology (Ecology) to discuss the property.

Shannon & Wilson, Inc., produces draft report summarizing soil and

groundwater quality data collected in conjunction with DSTP.

Hart Crowser produces report titled "Soil and Groundwater Quality

Analyses and Preliminary Hydrogeologic Assessment."

Union Pacific Realty and Hart Crowser meet with Ecology (Gary Brugger
and John Conroy) to discuss the May 1986 report.
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March 1987

August 1987

September 1987

November 1988

1990

June 1991

June 1991

July 1993

June 1094

Hart Crowser
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Hart Crowser reports on soil quality in the North Parcel.
Hart Crowser reports on soil quality in the South Parcel.
Hart Crowser reports on surface soil quality.

Ecology designates the Union Station property as a hazardous waste
property, using the former ranking system under Chapter 70.105B RCW,
prior to the current WARM process used to rank contaminated properties

for cleanup.
Completion of Metro bus tunnel.

SAIC Inc. and DPRA Inc., contractors for Ecology, conduct a Site

Hazard Assessment (SHA). No sampling and analysis were conducted.

Ecology ranks the Union Station property as a "5" based on Ecology’s
Washington Ranking Method (WARM) ranking matrix. (The WARM

ranking is from "1" to "5" with "5" being of lowest priority for cleanup.)

The Washington State Department of Health (DOH) conducts a health
investigation at the Union Station property. DOH concludes that the
Union Station property does not present a significant hazard to public
health,

Roy F. Weston, contractor of the U.S. Environmental Protection Agency

(EPA) conducts a non-sampling inspection to determine if any further

action is appropriate at the property.
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August 1994

September 1994
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Ecology reranks the Union Station property to a "3" from a "5" based on
a revision of the WARM ranking matrix (no new information was used to

perform the ranking).

EPA listed the Union Station property as a "No Further Action" property

based on the assessment performed by Roy F. Weston in June 1994.
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3.0 PROPERTY HYDROGEOLOGY AND SUBSURFACE CONDITIONS

This section compiles information from previous reports and current property

explorations, including:

. Regional Geology and Groundwater Occurrence. Discusses the historical

regional geology and regional groundwater flow and sources;

. Property Subsurface Conditions. Discusses property subsurface conditions on
the Main Parcel, South Parcel, and North Parcel with respect to the fill layer,

tidal soils, and glacial soils, using subsurface cross sections for illustration; and

. Groundwater Levels and Flow. Describes local groundwater elevations and

flow direction.

Selected subsurface explorations and cross section locations are shown on Figure 3-1.
Subsurface cross sections are presented on Figures 3-2, 3-3, and 3-4. A groundwater elevation

contour map is presented on Figure 3-5, and Table 3-1 presents groundwater elevation data.
3.1 Regional Geology and Groundwater Occurrence

Prior to the turn of the century, a marine embayment (the Duwamish Embayment) existed
between the West Seattle highland on the west and First and Beacon Hills on the east.
According to Coast and Geodetic Survey charts, water depths within the embayment ranged from
5 1o 12 feet during the late 1800s with a shallowing toward the shoreline which existed at the
foot of Beacon and First Hill and the downtown area (Figure 3-1). Modification and filling of
this embayment began around the turn of the century and was essentially finished between 1907
and 1912. The native soils which directly underlie the surficial fill soils at the property are the

result of a complex sequence involving non-glacial, glacial, and marine deposition.
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The regional groundwater flow system is characterized primarily by recharge in the
upland areas of Beacon and First Hills to the east of the property, and discharge into Elliott Bay.
Three potentially water-bearing geologic units occur in the vicinity of the Union Station

property, as follows:

. Fill Material, Consisting of a heterogenous mixture of silt, sand, clay, and

gravel with layers and pockets of scattered debris;

. Tideland Soils. Consisting of fine-grained silts and clays with occasional sand
layers; and
. Glacial Deposits. Consisting of interbedded layers of more permeable sands and

gravels, till deposits, and hard silt deposits.
Groundwater from these units is not used for drinking water,
3.2 Property Subsurface Conditions
In general, soils in the property vicinity consist of fill, recent native alluvial and bay
tideland soils and glacially overridden soils as shown on the generalized subsurface cross
sections on Figures 3-2, 3-3, and 3-4. Figure 3-1 shows the exploration and cross section
locations. Only those explorations for which chemical data were derived are presented on

Figure 3-1. The soil units are described below.

3.2.1_Fill Varies in Thickness and Characteristics

Fill soils are those soils which have been placed over native soils during the latter part

of the coal gasification plant operational period (refer to Figure 3-2). As with most fills, the
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soils vary considerably in thickness and characteristics. As a result of the variable soil types,

the fill materials will have a variable capacity to transmit water (permeability).
At the North Parcel, the fill consists of loose to medium dense, silty sand to depths of
7 to 20 feet below ground surface. The ground surface was modified somewhat during the

Metro tunnel construction, with grading and subsequent placement of fill.

At the Main Parcel, the fill includes sand and gravel, silty sandy gravel, and clay and

sand to depths of about 25 feet. The fill ranges from very loose to medium dense.

At the South Parcel, the fill includes 2 to 3 feet of medium dense, sand and grave]

underlain by about 20 feet of soft, clayey, hydraulic fill.

3.2.2 Native Tideland Soils Underlie Fill

Prior to historical filling, natural deposition of tideland soils occurred in the tidal zone.

These tideland soils typically include interlayered loose sands and soft silts.

At the North Parcel, tideland soils are not present because the original shoreline was
further southwest, approximately at South Jackson Street (Figure 3-1). At this parcel, the fill

directly overlies older glacial soils.
At the Main Parcel, the tideland soils occur beneath the fill to depths ranging from about
35 to 90 feet below ground surface. The tideland soils are fine-grained, consisting of clayey silt,

organic silty clay, peaty silty sand, and silty gravelly sand.

At the South Parcel, tideland soils are present beneath the fill to depths of about 35 to

50 feet below ground surface.
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The tideland soils are generally finer-grained, and thus less permeable, than the overlying
fill materials. However, like the fill, the native tideland soils exhibit considerable interlayering
(sands and silts), and groundwater flow will depend on interconnection of the more permeable

Zones.

3.2.3 Deeper Glacial Soils Present at Each Parcel

Glacial soils occur beneath the fill or beneath the tideland soils where present. The
glacial soils were deposited by glaciers and subsequently subjected to the weight of the glacial
ice, resulting in dense or hard soils. Cobbles or boulders were occasionally noted (from drill

action) during explorations within the glacial soils,

At the North Parcel, glacial soils, consisting of sand, silty sand, gravelly silty sand (till-

like), and sandy silt are first encountered at depths of about 8 to 30 feet below ground surface.

At the Main Parcel, glacial soils, consisting of sand, silty sand, gravelly, silty sand (till-
like), and clayey silt are first encountered at depths ranging from 40 to 110 feet below ground

surface.

At the South Parcel, glacial soils, primarily sandy silt and sand, are first encountered at

depths of about 35 to 50 feet below ground surface.
Glacial soils extend to the depth of exploration at the property (to depths of 130 feet;

elevation -120 feet). Regional information indicates that up to 3,600 feet of glacial soils are
present beneath downtown Seattle (Hall and Othberg, 1974).
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3.3 Upper Fill Zone Groundwater Levels and Flow

During the May 1996 groundwater sampling, groundwater was encountered within the
fill unit at the property from depths of 4.5 to 6.5 feet below ground surface at the downgradient
(west) side of the property (near Fourth Avenue), and at depths of about 35 feet on the
upgradient (east) side of the property (near Fifth Avenue) where the ground surface is 20 to 25
feet higher.

Regional information indicates that shallow groundwater in the area ultimately discharges
to Elliott Bay. Based on past and present water level elevations measured in monitoring wells,
groundwater flows from southeast to northwest across the property toward 4th Avenue South and
South Jackson Street. Table 3-1 summarizes the groundwater elevation data for the property.
Figure 3-5 illustrates the general direction of groundwater flow in the fill beneath the property
(Hart Crowser, 1986). This groundwater flow map is based on data from numerous monitoring
wells, many of which have since been decommissioned during construction of the Metro bus

tunnel.

To confirm regional groundwater flow information, we also briefly reviewed regional
information (including the downgradient King Street Station and the upgradient or cross-gradient
stadium EIS work). However, an in-depth review of that information was beyond the scope of
this work. Groundwater elevation data from the May 1996 sampling (four wells) indicate flow
in the same general northwestern direction consistent with that determined from the 1986
measurements.  Although the majority of the bus tunnel in the immediate property vicinity is
constructed above the water table, drainage around the foundation of the bus tunnel may at times
influence the local groundwater elevations. Groundwater flow velocity within the fill aquifer
on the property was previously estimated to be about 0.2 to 2 feet per month (Hart Crowser,
1986).
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The groundwater elevation in well B-6 was approximately 13 feet, considerably above
the groundwater elevation in the other fill zone wells. Well B-6 is screened near the bottom of
the fill zone, near the contact with the tideland soils. Beneath the tideland soil layer, significant
artesian pressures are present in the deep glacial zone (e.g., wells TB-23 and TB-80 are flowing
artesian wells—see Table 3-1). Higher groundwater elevations observed in well B-6 indicate that
it is potentially in hydraulic connection with the higher hydraulic head conditions in the deeper

ZOnes.
In summary, groundwater elevation data indicate that groundwater flow is generally

westward with eventual discharge to Elliott Bay, and that regional upward hydraulic gradients

would prevent downward groundwater flow from the fill to deeper marine or glacial units.

3.3.1_ Utility Corridor

Underground utility corridors can sometimes provide a preferential pathway for shallow
groundwater flow, because the utility conduits are commonly bedded in highly permeable gravel.
Thus, a limited evaluation of the potential for preferential utility corridor transport at the

downgradient perimeter of the property was conducted as part of this RI.

Based on a review of City of Seattle utility maps, two primary utilities were identified
downgradient of the property. Beneath Fourth Avenue, there is a 4-foot-diameter sewer main
buried approximately 14 to 15 feet below ground with a slope toward the south, and a water
main is present at a depth of 2 to 3 feet below ground. The water line is above the groundwater
table and consequently does not pose a potential groundwater flow pathway; however, the sewer

main may provide a preferential flow pathway.
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Table 3-1. Groundwater Elevation Data

February 21, 1986

Hart Crowser

Well Number Fill Zone Deep Glacial Zone Other
HC-1A (D) 2.95 - -
HC-2A 7.90 - -
HC-3A 7.31 - -
HC-4A 7.29 - -
HC-5A 6.90 - -
HC-6A 3.38 — -
B-1 8.10 - -
B-2 - - 9.38
B-3 7.85 - -
B-4 3.94 - -
B-6 14.20 - -
B-119 - 8.66 e
TB-3 - - 9.82
TB-23 - * -
TB-78 3.64 - -
TB-80 4.09 * -
TB-82 - - 7.82
May 2, 1996

HC-101 2.84 - --
HC-102 2.98 - -
HC-103 2.29 ~ -
B-4 2.8x0.5 (2) - -
B-6 13.01 - -
NOTES:

(1} Very slow recovery

(2) Estimated using approximate ground surface elevation

NA = No piezo instaliation or broken
* = Artesian conditions, water overflows.

-- = Not relevant

J-4515
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4.0 SOIL CHARACTERIZATION

This section presents the findings of our review and compilation of the last 10 years of
soil characterization efforts at the Union Station property. No additional soil samples were
collected because the existing data were deemed adequate for supporting a RI. The objective
of this soil characterization summary is to evaluate constituent concentrations in soil and

compare them to current MTCA screening levels to identify chemicals of potential concern.

The following sections present the soil characterization summary, which includes:

. Soil Quality Investigations/Soil Quality Exploration and Chemical Analysis
Programs. These sections summarize previous soils investigations that were used
for this RI.

. Soil Screening Criteria. Discusses the basis for selection and use of MTCA
numerical criteria for screening soil chemical data to determine chemicals of

potential concern and provides an evaluation of the sufficiency of the data.

o Evaluation of Soil Quality Relative to Screening Criteria. This section
discusses the results of on- and off-property soil quality testing refative to MTCA

direct contact and groundwater protection screening levels.

. Summary of Soil Quality. Summarizes the major findings of the soil quality

investigation.

Previous soil sampling collection methods are referenced in Appendix A. The sample
boring logs from previous and current investigations are presented in Appendix B. A summary

database for all data used in this RI is presented in Appendix D.
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4.1 Soil Quality Investigations

The evaluation of soil quality at the Union Station property is based primarily on work
completed in the last 10 years by Hart Crowser (1986, 1987a, 1987b, 1987¢c, 1993, and 1994)
and Shannon & Wilson (1986a and 1986b). Data were compiled from eight previously

completed documents including:
. Hart Crowser, 1986. Soil and Groundwater Quality Analyses and Preliminary
Hydrogeologic Assessment, Proposed Union Station Development property,

Seattle, Washington.

. Hart Crowser, 1987a. Results of Chemical Analysis of Soil Samples, Union

Station North Development, Seattle, Washington.

. Hart Crowser, 1987b. Results of Soil Sampling and Analysis, Union Station
Development South, Seattle, Washington.

. Hart Crowser, 1987c. ‘Geotechnical and Environmental Site Feasibility

Assessment, Proposed King Street Station Project, Seattle, Washington.

o Hart Crowser, 1993. Supplemental Soil and Ground water Quality Assessment.

Glacier Park Company Property, King Street Station, Seattle, Washington.

. Hart Crowser, 1994. Summary Report Environmental and Geotechnical

Engineering Issues, Union Station Property, Seattle, Washington.

. Shannon & Wilson, 1986a. Geotechnical Report Field and Laboratory Test

Results. Metro Downtown Seattle Transit Project.
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d Shannon & Wilson, 1986b. Geotechnical Report and Aquifer Testing and
Dewatering Requirements South Tunnel Portal and International District Station.

Metro Downtown Seattle Transit Project.

Other documents such as memoranda and records of meetings/telephone conversations

have been reviewed for supplemental information.

4.2 Soil Quality Exploration and Chemical Analysis Programs

4.2.1 Soil Explorations

The previous exploration locations including soil borings, surface soil samples, and
groundwater monitoring wells are shown on Figure. 4-1, The locations of property
characterization explorations were focused on those areas of the property which indicated the
highest potential for residual wastes based on historical property uses. An additional
consideration was access to the subsurface. For example, samples were not collected under the
existing Union Station building. Note also that a number of previous explorations have been

covered by the new Metro bus tunnel as shown on Figure 4-1.

Most of the explorations installed at the property were borings because the residual
materials from historical property use are located at the former ground or tidal surface
approximately 10 to 15 feet below current ground surface (i.e., below the majority of the 10 to
15 feet of fill material placed circa 1900). Borings were generally installed through the upper
fill material, tideflat deposits, and into the dense underlying glacial soils (Figure 3-2, 3-3, and
3-4).

The majority of explorations were placed on the northeastern portion of the Main Parcel
to evaluate soil quality conditions at the former coal storage houses, retorts, coke house, shop,

and plant rail line loading and off-loading areas. These areas were identified as the most likely
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to contain the highest concentrations of residual materials associated with the former gas plant.
Although some other areas for byproduct handling (including the tar paper manufacturing area
and associated tar pit, the crude oil tank, and the pipe cutting and storage area) were identified
in the northwestern portion of the property, these areas are currently covered by the Union

Station building.

An additional focus of the characterization work was to place explorations in the vicinity
of the wharf perimeters of the Vulcan Iron Works formerly located in the southern portion of

the property.

Boring chemical and relevant geological information is represented on all figures, and

logs are presented in Appendix B.

4.2.2 Chemical Analysis Program

Soil and groundwater samples from the property were analyzed for a suite of chemicals
that would be typical of the residual materials associated with both the former coal gasification
plant and a metals manufacturing facility. Previous on-property soil sample analyses included
semivolatiles organics, pesticides/herbicides, total petroleum hydrocarbons, volatile organics,
total metals, total cyanide, and EP Tox metals (Table 4-1). Previous off-property soil sample
analyses consisted of semivolatile organics, total petroleum hydrocarbons, volatile organics, and
total metals (Table 4-1). Chemical analyses were performed by Laucks Testing Laboratories and
Analytical Technologies, Inc., for the Hart Crowser and Shannon & Wilson investigations,

respectively.

4.3 Soil Screening Criteria

Soil quality results were screened relative to Model Toxics Control Act (MTCA) (Chapter
173-340 WAC, February 1991) screening levels developed in the FS in an effort to identify
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chemicals of potential concern and assess whether remedial actions may be required at the

property.

4.3.2 Screening and Statistical Analysis of Soil Data

As discussed in the FS, soil quality data were compared to MTCA Method B residential
cleanup levels and Ecology’s soil concentration that is protective of surface water (the default
groundwater protection criteria of 100 times the applicable screening level). The default water
protection criteria are conservative, particularly for hydrophobic compounds, such as high
molecular weight PAHs, that are essentially non-leachable under typical environmental
conditions. Thus, for PAHs, a more realistic equilibrium partitioning-based screening criteria

was developed for alternative comparative purposes (refer to Section 4.4.3 and Table 4-6).

Statistical summary tables (Tables 4-2 through 4-5) present summary statistics including
detection frequencies, range of concentrations, maximum detected concentration, and mean
concentrations. In addition, these summary tables present the MTCA three-fold statistical
criteria including the magnitude of exceedence, the percent exceedence, and the 95 percent upper

confidence limits (UCL) on the arithmetic mean.

Sample concentrations above the MTCA screening levels developed in the FS do not
necessarily indicate that remedial actions are required. This screening approach helps identify

areas and constituents which require further evaluation.

4.4 Evaluation of Soil Quality Relative to Screening Criteria

Eighty-two soil samples were collected on and adjacent to the property. Elevated
concentrations of PAHs and metals have been encountered in soils sampled on and adjacent to
the property. The highest concentrations of PAHs and metals were encountered in the lower

portion of the fill unit and at the historical tideflat surface at an approximate depth ranging from
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15 to 25 feet. Much of the observed affected soil appears to be derived from the former gas
plant operations conducted along the northern portion of the property. In addition, Vulcan Iron
Works operations conducted within the southern portion of the property may have also acted as

a source of metals and PAHs to property soils.

The evaluation of soil quality presented in this section has been subdivided into
assessment of direct contact risks posed by on- and off-property surface soils (upper 15 feet) and
potential soil impacts to shallow groundwater quality. Summaries of the soil (both surface and
subsurface) analytical results including detection frequencies, statistics, and number of samples
exceeding regulatory criteria are presented in Tables 4-2 through 4-5. Tables 4-2 and 4-3
provide a summary of exceedences relative to the MTCA B residential screening levels for on-
and off-property soils, respectively. Compounds that exceed MTCA Method B residential
screening levels are plotted on Figure 4-1. A complete summary of sample-specific results is

presented in Appendix D.

Soil analytical results generated by the previous Hart Crowser and Shannon and Wilson
investigations were reviewed by an environmental chemist to evaluate the general quality of the
data. In general, data quality for all analyses is acceptable for the purposes of this RI. No data
were rejected based on data deficiencies. Data qualifiers were assigned to the existing soils data
based on blank contamination, low spike recoveries, and headspace in the volatile organic

analysis (VOA) samples. A summary of this review is provided in Appendix C.

4.4.1 Comparative Screening of On-Property Surface Soils for Direct Contact

Surface Soils. Surface soil samples (at depths of 0 to 15 feet) were collected from soil
borings and surface samples within the Union Station property and were compared to MTCA
Method B residential screening levels (screening level), Table 4-2 presents a statistical summary
of those samples above the screening level for on-property soils. Figure 4-1 presents a

distribution plot for samples that exceeded the screening levels.
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Semivolatiles/PAHs. Selected soil samples were submitted for semivolatile
analysis. Surface soil concentrations for cPAHs exceeded the screening level
(0.66 mg/kg) at six locations (HC-3, HC-4, HC-5, HC-6, TB-22, and TB-91).
Concentrations above the screening level ranged from 0.76 to 43.0 mg/kg. Field
observations indicated that there were relatively strong odors between the 8- to
9-foot-depth interval for HC-3 and between the 5- to 21-foot-depth interval for
HC-5. Wood chips and coal pieces were observed at the 17.5- to 19.0-foot-depth
interval for HC-3. Historical information indicates that the source of the fill
material for the southern portion of the property was from the South Jackson
Street regrade, located just east of the coal gasification plant. Therefore, these
detections of cPAHs may be attributed to placed fill material. Location HC-4 and
TB-91 did not have any visually obsefved material that may have been attributed
to the detections of cPAHs; however, it is likely that these detections are

associated with the placed fill material as well.

One soil sample collected at a depth of 12.5 feet below ground surface from
boring TB-22 contained benzo(a)anthracene at a concentration (16 mg/kg) above
the screening level. The Shannon & Wilson boring log (1986a) for this
exploration describes the soils in this depth interval to be “oil soaked." The
former coal gasification plant was located in the TB-22 area and is likely the

source of this material.

Total Petroleum Hydrocarbons. Because PAHs more accurately reflect the
residual materials associated with historical site use, limited TPH analyses were
conducted in site soils. One soil sample collected at a depth of 12.5 feet from
boring TB-22 was submitted for TPH-D analyses in 1985 and had a reported
concentration of 145,000 mg/kg. Visual field observations indicated that there

was high oil content in the soil. There is no MTCA Method B residential
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screening level for TPH; however, the result is above the MTCA Method A
screening level of 200 mg/kg.

* Metals. Various metals (As, Be, and Pb) exceeded the Method B screening
levels at various locations (HC-1, HC-2, HC-3, HC-4, HC-5, HC-6, and TB-92)
(Figure 4-1). Locations HC-1, HC-2, HC-3, HC-4, HC-5, HC-6, and TB-92 had
exceedences for arsenic and beryllium that were within the Puget Sound
Background ranges (Ecology, 1994). Lead was detected at a concentration of 290
mg/kg for location HC-5 which exceeds the screening level of 250 mg/kg.

. The other concentrations for soil samples were below the screening levels for ail
other chemical constituents (conventionals, pesticides/ herbicides, EP Tox metals,

and volatile organics) for surface soils within the Union Station property.

4.4.3 _Comparative Screening of On-Property Soils for Groundwater Protection

To evaluate the protectiveness of on-property soil concentrations relative to potential
impacts to shallow groundwater and the eventual groundwater discharge to Elliott Bay, the
conservative 100-fold default factor for marine surface water protection was used as a screening

level for the soil samples.

In addition, marine surface water protection levels for cPAH compounds were evaluated
using a literature partition-based approach to provide more realistic values for these hydrophobic
compounds. Property-specific leaching factors using soil and groundwater quality collected at
the Union Station property were not developed because of limitations in the groundwater quality
data in the probable source areas. The turbid nature of the historical groundwater samples
collected in the probable source areas do not provide realistic estimates of mobile or dissolved
constituent concentrations and the most recent groundwater samples collected using low flow

sampling techniques were collected upgradient or downgradient of the probable source areas.
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PAHs and metals are the primary constituents that are above the screening level for soil
samples collected on the property (Table 4-4). However, many of these constituents were not
detected in actual property groundwater during the most recent groundwater sampling event
conducted in May 1996 (see Section 5) consequently, although conservative estimates using the
default 100-fold criteria indicate the potential for impact, actual groundwater measurements do
not indicate a significant impact to shallow groundwater quality on the property. A more

detailed discussion of the results follows:

. Carcinogenic PAHs. Most of the PAHs that exceed the default groundwater
protection screening levels for soils are cPAHs derived primarily from coal and
coal tar-like materials. Exposure of cPAH-containing soils to water will not
likely result in any significant impacts. The cPAHs were not detected in property
groundwater during the May 1996 sampling event (see Section 5). These high
molecular weight hydrocarbons are relatively insoluble in water, have a high
affinity for soil and organic matter, and are relatively immobile under normal
environmental conditions. The ¢PAHs rarely present a groundwater concern
except in situations where they are in contact with free-phase organic solvents that
can act as carriers. No free-phase organic solvents were encountered at the

Union Station property.
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Non-carcinogenic PAHs. Non-carcinogenic PAH concentrations in Union Station
soils do not appear ‘to significantly impact shallow groundwater quality.
Acenaphthene and fluoranthene were the most frequently detected ncPAH in on-
property soils and are most likely associated with occurrences of coal and coal

tar-like materials,

The highest concentrations of acenaphthene (100 mg/kg) and fluoranthene (100
mg/kg) were detected at location HC-3. More recent low turbidity groundwater
data (May 1996) had very low concentrations of acenaphthene and fluoranthene
(0.06 and 0.0026 mg/L, respectively) at HC-101, located close to HC-3.
Therefore, based on the soil and groundwater data collected to date, it does not
appear that ncPAH concentrations in property soils significantly impact shallow
groundwater quality. As discussed in Section 5, dilution and attenuation will
significantly reduce ncPAH concentrations in shallow groundwater before it

discharges to Elliott Bay.

Metals.  Although total metal concentrations detected in on-property soils

frequently exceed the conservative screening levels for metals, dissolved metal |
concentrations detected in the May 1996 low turbidity groundwater samples were
below concentrations protective of marine surface water, with the exception of
arsenic which slightly exceeded the screening levels at location HC-101. Since
most of calculated soil screening levels protective of groundwater (using the
conservative default of 100 times the surface water criteria) are below typical
background concentrations for metals, many of the screening levels reverted to
Puget Sound background levels established by Ecology (Ecology, 1994). The
detected arsenic concentrations are below typical background concentrations for

metals.
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Consistent with these results, EP Tox leachability testing (the standard test at the
time) performed on composite samples collected from borings FS-1, FS-2, FS-3
(on North Parcel), and G-1 through G-8 (Main Parcel) did not contain detectable
concentrations of metals except for zinc (0.1 to 0.8 mg/L) and barium (0.1 to 0.5
mg/L)(Table D-1). It was concluded in previous investigations that the EP Tox
results for G-1 through G-8 classified the material as non-dangerous waste

material (Hart Crowser, 1987b).
Based on the soil and groundwater quality data collected to date, it does not
appear that total metal concentrations in property soils significantly impact

shallow groundwater quality.

4.4.4 Comparative Screening of Off-Site Soils for Groundwater Protection

PAHs and metals are the primary constituents that exceed the conservative marine surface
water protection screening levels in the soil samples collected adjacent to the property (Table
4-5). The type and concentrations of constituents encountered in off-property soils were fairly
consistent with on-property soils. As discussed in the previous section, many of these
constituents were not detected in property groundwater during the most recent low turbidity
groundwater sampling event conducted in May 1996 (see Section 5) and do not appear to be

significantly impacting shallow groundwater quality on the property.

4.5 Summary of Soil Quality

Based on our review of the soil data for the property, we have identified selected metals

and PAHs as constituents of potential concern for the property.

Elevated concentrations of PAHs and metals were encountered in soils collected on and

immediately adjacent to the property. The highest concentrations of PAHs and metals were

4-11
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encountered in the lower portion of the fill unit and at the historical tideflat surface at depths
ranging from 15 to 25 feet below ground surface. Much of the observed affected soil appears
to be derived from the former gas plant operations conducted along the northern portion of the
property as well as the Vulcan Iron Works operations conducted within the southern portion of

the property.

The only constituents identified above direct contact MTCA Method B screening levels
were cPAHs and metals in on-property soil samples at depths between 0 and 12.5 feet below

ground surface.

Soils on and off the property also do not appear to be significantly impacting shallow
groundwater quality. Although a number of PAH and metal soil concentrations are above the
conservative surface water protection screeming levels, these constituents generally were
encountered in groundwater during the May 1996 sampling event at concentrations below the

marine criteria protective of Elliott Bay.
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Table 4-1 - Union Station Sample Information Table (Soil)
Depth Interval Total Diss  EP Tox Pest/
Sample-1D in Feet Date Conv  Metal Metal Metal Herb SVOA VOA TPH
On-Property
Comp 1000 G-1 Composite 6/24/87 X
Comp 1001 G-2 Composite 6/24/87 X
Comp 1002 (-3 Composite 6/24/87 X
Comp 1003 G-5 Composite 6/24/87 X
Comp 1004 G-7 Composite 6/25/87 X
Comp 1005 G-8 Composite 6/25/87 X
G-28-1 Oto £.5 6/24/87 X
G-3858-3 50t06.5 6/24/87 X
G-4 §-1 Ot 15 6/24/87 X
G-4 5-3 4010 5.5 6/24/87 X
G-58-3 4.0t05.5 6/24/87 X
G-6 8-1 Oto 1.5 6/25/87 X
G-6 8-3 401053 6/25/87 X
G-7 §-1 Oto 1.5 6/25/87 X
G-8 §-1 Oto 1.5 6/25/87 X
FS-1 Comp 25109 1/16/87 X X X
ES-2 Comp 251014 1/17/87 X X X
FS-3 Comp 2.5t0 10.9 1/17/87 X X X
H-1 1 12/6/85 X
H-2 I 12/6/85 X
H-3 1 12/6/85 X
H-4 1 12/6/85 X
HC-1 10t011.5 12710185 X X X
HC-1 1751019 12107185 X X X
HC-2 10t 11.5 12/12/85 X X X
HC-2 15.8t0 16.5 12/12/85 X X X
HC-3 17.5t0 19 1211/85 X X X
HC-3 8t 9 12/11/85 X X X
HC-4 2251024 121177185 X X X
HC-4 75t09 12/17/85 X X X
HC-5 2251024 12/13/85 X X X
HC-3 751009 12/13/85 X X X
HC-6 10to 11.5 12/12/85 X X X
HC-6 22.5t023.5 12/12/85 X X X
TB-22 12.5 9/13/84 X X
TB-25 18t0 19 10/10/84 X X
TB-3 1810 19.5 10/12/84 X X
TB-78 19 t0 20.5 11/11/85 X X
TB-78 2151023 11/11/85 X X
TB-78 Comyp 19 t0 23 11/11/85 X X X X
TB-79 17.5t0 19 9/5/85 X X X X
TB-91 12510 14 12/10/85 X
TB-9] 25t04 12/9/85 X
TB-91 31t0325 12/11/85 X
TB-92 13to 14.5 12/12/85 X
TR-92 25104 12/11/85 X X X X
TB-92 33 t0 34.5 12/12/85 X X X X
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Table 4-1 - Union Station Sample Information Table (Soil)
Depth Interval Total Diss EPTox Pest/
Sample-ID in Feet Date Conv  Metal Metal Metal Herb SVOA VOA TPH
Off-Property
B-1 3510365 12/16/85 X X X
B-1 40to4L.5 12/16/85 X X X
B-1 47.5 t0 49 12/16/85 X X X
B-2 35t036.5 12/18/85 X X X
B-2 4751049 12/18/85 X X X
B-3 3351034 12/19/85 X X X
B-3 52.5 10 54 12/19/85 X X X
B-4 32.5t0 34 12/18/85 X X X
B-4 4010 41.5 12/18/85 X X X
B-4 47.5 10 48.5 12/18/85 X X X
B-6 29.5t0 31 12/23/85 X X X
B-6 39.5to 41 12/23/85 X X X
B3A-.COMP S5to 14 1/21/93 X
B3A-S1 25t04 1/21/93 X
B3A-S5 125t0 14 1/21/93 X
B6-51 24t04 1/21/93 X X
B6-S4 I0to 11.5 1/21/93 X
B7-COMP 7510 14 1/21/93 X
B7-S1 25t04 1/21/93 X
B7-82 5t06.5 1/21/93 X
B8-COMP 25109 1/21/93 X
B8-S2 5t06.5 1/21/93 X
B8-83 75t9 1/21/93 X
BP-3 Oto4 6/22/87 X X X
BP-3 5t09 6/22/87 X X X
BP-4 Oto 1.5 6/24/87 X X X
BP-4 6to9 6/24/87 X X X
BP-5 25103 6/24/87 X X X
BP-5 5t06.5 6/24/87 X X X
TB-4 12510 14 7/17/84 X
TB-77 15 8/29/84 X
TB-93 15t0 16.5 12/3/85 X
TB-93 25104 12713785 X X X X
TB-93 351t036.5 12/14/85 X
TB-93 52.5t054 12/14/85 X

4515\SMPL-INF.XLS



r

Hart Crowser

L

STXL-OTRS st

1y

m_w 0 1/0 0008 £0°0 £0°0 ¢ T/T6~al £0°0 €000 €00 /1 Elly ey
a w 38w ws sapne0
LLT oLl 6 - $/£-OH Lt CLLIOINIS00  S1/6 SHVd? [e10]
0 S1/0 00t £6 o€t 6 - 8/£-OH £6 6011500  SI/6 audIhg
0S¢ S0'€T 6 - 8/£-0OH 05T L 0STOI1S00  S1/01 SUANJIUBUIY ]
0 S1/0 007¢ 0S1 8891 6 - 8/¢-DH 051 L 0STOIN1S00  SI/8 JuareyydeN
LTLT 80°¢T £1/€ 9970 81 51 6 - 8/€-OH 81 gIOIN1SO0  SI/9 aua14d(po-¢ ‘1 Jouspuj
0 SI/0 00Z¢ ¥8 L6'L 6~ 8/€-DH ¥8 . P80INS00  SI/9 su21on]
0 S1/0 00Z¢ 001 €76 6 - 8/¢-DH 001 001 0¥ 600 ST/01 sudyIueION|
£l 91’1 6~ 8/€-DH €1 EIOINSO0 FIfp UBIYozuqI(
8S°L 69°L £1/1 99°0 9 €40 6- 8/¢-DH S SOIIS00  SIM susocenpue(ye)ozusqIg
. 0 $1/0 0091 €1 vE'0 H £1 neortnsoo  +isl AepeyydiLo-u-iq
§S¥S LS'8T Yi/b 99°0 9¢ 19°¢ 6-8/¢-DOH 9¢ 9L0IN SO0 YI/L auashy)
10 $0°0 ¥ 7Tl 1o 1001NS00 %1 aefepydidzusgiling
0 ¥1/0 I 14 §0'1 $-H 11 101600 vI/2 Sepequd(AxsyiAy-7)sig
S5y 4 8/1 99°0 3 o STITT-9L £ £01IN600 8 audueIONI(PoZURYg
L1 LSl 6 - /£-OH Ll LIOI1500  Si/9 sud[A12d(1°y ‘S)ozusg
(A1 L9799 o/ 99°0 14 96° 6 - 8/$-OH € PEOLNISO0 L suaiurIon i(IQ)ozusg
SS'Y A 8/1 99°0 £ wo $zI/TE-4l £ £OINSO0  8/€ suaueIONI{Q)ozusg
FANAY £gee SI/S 99°0 184 61'% 6 - 8/¢-OH 134 IyoINs00  €1/6 susidd(elozuag
S1s9 geee Si/8 99°0 27 S6'F 6 - 8/€-OH £F S EPOINGO0  ST/8 suasenjlue(g)ozusg
] S1/0 000¥T 8 09'L 6 - 8/€-OH 8 P8OIN SO0 SI/L udRIUY
ss 0Z'9 6 - 8/€-DH ¢S SSOINSO0 SIS susjdyydeusdy
0 SH/O 008t 001 6371 6 - 8/€-DH 001 00LOI1600 §1/9 auaypydeusoy
oSt 9Z'11 6~ 8/€-OH 0S1 0SEO 1§00 I/ ausjeyydeuriyow-¢
By/3W U1 SONIL[GATHIAG
L8 LVIL  §11-01/9-0H LS TL8O ¥99  9/9 SPIOS 014
S[BUONUIAUD)
[3a]
VUIPIOXY WVUPIIVKY  OnEy Bumudaing {1 10913¢] "XBAl JO 1291 Aouanbaig
3o spmyudepy JUIDI3J S0UIPSOXNT g POUYWIN TTIN %456  UBIN (I d1dwieg wnuxep s8uey uonada( NAeuy

S[PAYT SUIUBAIOG [¥NUIPISNY g POYRIA VI.LIA 01 dABERY
ydaq u1 3994 ST uey) sso sapdureg Jiog Apadoag-uQ) jo Srpmming [EINSHLIS - 7-F A[qEL

¢ J0 1 1934§




Towser

Hart C

D]
1y

STXL-OTasIsk

"Pash §1 SNJRA PSIOASP WINWIXBUL A ‘S10313pUcy

a1e sajduses ay3 Jo Juaoiad Ay URY} SI0W 10 “U) Uey} $s3| s1 uonejndod ajduies o1y 1O19P WINWIXBI a1y} ueyy 1918218 S1 DN %66 o4 UauM (1)

000S¥T  000S¥I  STV/ZT-dl 000STI  00STI O 000SFT  I/I 19531
8y/3w w H4L

9v°0 €0 1-S 8D 20 200 [0 SI/sT oulz

$001 dwo)

780 $7°0 Z001 duio) §0 SO0 10 8I/81 wmntreg
/8w ui S[EPI X0L J7

0 LI0 000¥T 0011 LT 6 - S LIS-OH 0011 00FT O ¥%  L/L ourZ

0 L0 00% Lo 90 6~ S LIDH Lo LOOIN10 L9 DAS

0 6-S'LirOH

0 LI0 0091 (43 €Ly 6~ 8/€-OH (42 Lo €1 UL [OIN

0 9/0 ¥Z 80 0£°0 6 S LIOH 80 800 99 AIROI9N

9I'1 6T ¥l L 08t 062 6L 6~ S LIS-OH 067 0620 9 L/L pea]

0 Li0 0692 LL LS'0S 6~ $'L/S-OH LL LLOY 8T UL 3eddo)

0 L0 00V 79 67°6¢ 6~ 8/¢-DH 79 901 11 UL WInIWION])

0 L/0 08 €7 65°0 6~ $°L/S-OH £z £ToINse LT wniupe)

6 001 LIL ££7°0 T £8°0 $-$T/T6-EL Tt TTO S0 L/L wnijjfrog

659 001 Lit L9'1 1 LTL P¢TT6-AL i1 110 9¢ i OHISSIY
/8w w spelRI [RIOY

12437
SOUSPBADXT JDUIPISOXT  OBEY Suiuaning (1) 199319(] 'XBW JO 1038 Aousnbaiy
Jo spmugen JUR2Jad S0U3PIIOXY g POUBIN ION %56 HEIN 1 adueg WINWIXEA] 28ugy uonoaR(] JJAJBUY

T30 TIRYS

S[PAY] BUIUIADG [BNUSPISTY g PO VILIA 01 2A1EPY
pdaq w 390y g1 ury) sso7 sapduieg jrog Kpvdoag-uQ jo Lrewwng jeonsnels - z-p Aqe,




Hart Crowser

J-4515

STX3OFNS ISk

0 1/0 0008 870 3T0 eT/eedl 8T 8707 820 111 U0y
/3w ug s3q3Rj0A

L9's L1 €o-¢/edd L9G L9S O GF00 6/8 SHYd2 [B101,

0 6/0 00vT 1 0£°0 vI-STi/dL €1 G101 9100 6/% CUEIRE

€1 670 P-/edg €1 €10 ST00 6/8 JUIYIUBUSYq

0 6/0 00z¢ (AN} 06 FP-0/.dd TIO 00 LOOO 6/5 auspendeN

€T (A A 6/7 99°0 81 9¢'0 €9-g/5-dd 81 RBEOI[1€0°0 6/S au214d(pa-¢ ‘1 Jouspug
0 6/0 00TE £0 900 ¥Y-0/e-dd €0 €001 LO0D 6/c U100

0 6/0 00Z¢ 91 SEC PI-eTi/dL 91 910t £20°0 6/¢ SuayueIongy

0 6/0 99°0 0 8070 €o-¢/edd  TO 00 9p00 6/  Suadenflue(ye)ozuqi(l

0 £/ 0091 75070 00 SH/LL-E],  TSOO 1’001 €00 £/1 aereyydfoo-u-1g

€T (4444 6/ 99°0 180 LT0 v-o/e-dg 180 IR'00 9£0°0 6/L SUSAIYD
1771 6T L 950 20 670 €9-¢/e-dd 80 8001 €O°0 Lis suaiueiong(3ozug
81 9£'0 §9-¢/¢-dd 81 g1OINSO0 6% ausjAIad(r 'y 'Fozuag

0 T/0 990 L0 L0 Si/LL-dl  L1o LE0OOM 910 [414 suaipueIONfI{yq)ozuag

(431 6T ¥1 L1 99°(} (A1 9E'0 €9-¢g/edd 71 T1onNgoe Lt ausyreion]iq)ozusg
(4% (A A4 6/ 99°0 I 80 vI-sTI/ydL 1 1011 SO0 6/S sud1dd(e)ozusg
£0°1 FE11 6/1 99°0 890 0 FI-STI/v-€L 890 89001 CE£0°0 6/L susdenNIe(g)ozUSg
0 6/0 0004 70 o1 ¥-o0/e-dd 1¥0 I¥001 6100 6/% SUDBIYIY

LYo 00 YI-STI9L  LT'O L0 $10°0 6/y sudjAiydeuddy

0 6/0 003% 680 LOO v-0/edd 6£°0 6001 800°0 6/S susyydeusoy

10 S00 v-0/e-dd €10 ST00 [Z00 6/t susieyydeu]AqIsiN-7

/8w Ul SANBIOAIIIG
1oAs]
VUIPIXY WVUIPIROXT  OnEYy Burusarg {1) 108337 "XBW JO P91 Aouanbaig

Jo spmmudey JU2019 20USP3AOXT g POYIRIAL TID(1 %456  URSIA (1 sdures  wnnIIxepy s8ugy uonoayag 24TRUY

¢ Jo [ eeys

S]9A97] BUTUIIDG [RIIUAPISIY d POYIIA VOLIA 0} 3ANERY
pdaqq u1 3994 g1 uwy) sso sapduwreg qrog ALadoag-j0 jo Amewmng [eansie)s - ¢-p dqe




Hart Crowser

J-4515

STX' OIS IsH

"PISD St 2N2A PIIOINAP WITHHINE 9U] ‘S103)apUou
a1e sopdures oy Jo usozad L1y wey) aour 10 ‘us) uey) SS9y 51 uonejndod sjduzes sy} “19919p WNIHINEU 3y} UBY) I91B2IS ST 1O} %S6 o uaum (1)

76 £9°6¢ iS-8d 6 26 01N 0% 8/ o

91 cL ol iS-L9 f 91 NnozoI[of 8/1 18531
3/Sw vt g1,

0 1i/0 000¥T  £TTL SY'8L ¥-0/e-dd 01T 01TO1 8C 1U/11 qurg

0 11/0 0091 L 08 [4: 387 6-¢/6-dd €9 £901 6T TU/11 242N

0 11/0 0sT 091 9Ert £9-¢/5-d9 091 0910 LT 11/01 pEa]

0 /0 0697 €8869  9¢6€ $9-¢/5-dg 96 9601 1T 1I/11 1addo)y

0 11/0 00y XV £Lye 6-¢/t-dd LS LSO 61 TL/I WOy

0 I1/0 08 'l o §9-¢/6dd 1'% Froineo Ine WNIEPen

0 11/0 08 11 o v-0/edd Tl rmoanee  iix WINEIPET)

SI'T 001 I/1 eeTo &0 080 eTtedl  £0 €00 g0 1/t LHCHENE |

L8'SY 001 TI/11 L9 £6°L9 o6l §1-0/4d9 Ol gIror 7 11111 Sluesry
3Y/Bur m sjealg (e300

[3a27]
0USPIIDXG  WVUSPROXT  onwy durussidg (1) 1291 "X JO 1P Asusnbaig
Jo apnpugey W3sIS 0USPIOXY g POYRIN TON %66 UBSWY dl 2[dweg  WnuIXepn 28usy uonRg MATeUy

S]PAY SUIUAIDG [BNUIPISAY F POYIIIA VI LIN 03 2AnERYy
pdoq ur 399y S1 vy ssa] sapdweg pog L1aadolg-11Q Jo Lrvunung [EINSHBIG - ¢-p dqel,

[RLEAEED N




J-1313

Hart Crowser

ST LI-OTDSISE

¥6'Sh LLOE £l 99°0 67 €€ $61-81/¢-9L 6C 6T0I150°0  SI/9 susyuelon(i(y)ozusg
011 919 61 - L1/1-OH 0Ll OT1 011 S0°0 STYI aus[Arad(r‘y ‘S)ozusg
6L°8LE £€°68 Z1/01 99°0 08t 6897 61-SLI/I-DH 0ST 0STOIN SO0 €1/01 susyueOn(QozUsg
81°89 LLOE ANy 99°0 ¥ €L's 61-§'L1/6L-9L St SYOINSO0  SI/L suareionjj(qiozusyg
£EeLL $8'€S 9T/t 99°0 0Tt 8Pl 61-SLI/1-DH 0zt 0ZTO N SO0 861 suszdd(e)ozuag
£C°EEE ¥ILS 87/91 99°0 0zt 191 61-SLI/I-DH 0ZT 0IT 011500  8T/OT aussenyjue(e)ozusg
0 82/0 0657 SLT €77 61-SLI/I-DH LT SLTOIN SO0 /LI SUIDRIYIUY
65 09'8 61-S'L1/1-OH 65 65011500 8TTI sudilyydeusoy
95°£T 98'LI 8T/ $'z 0€s 88°0¢  61-$LI/I-DH H1X9 0ES 011600  SUSH suayydeusoy
059 08Ty  61-SL1/1-DH 059 0S9OI160°0  ST/ET susjeyiydeuAyIN-7
/B w1 SINROAIUIS
79%°0 1€°0 1S 8-D 80 800 10 SI/SI surz
5001 dwo)
0 §T0 7001 duio) $'0 00 10 81/8] wnpeg
/3w Ui S[RRIN XOL 47
98°Zvl 001 91/91 LL 0011 I8 1¢€1 6 SL/S-OH 0011 00110 68 91/91 - aurz
1] SL SI/Tl 441) 1L5°0 £4°0 61-¢L1/6L-dL Tl IO 10 91/l TAJIS
0 91/0 'L St 8€°0 dwo) g/-g1 Sl SI0INS0  91/T wnupag
6- S L-DH
9°¢ SL 91/T1 0z I'ie 18°9¢€ 6 - 8/€-OH 4 TLOt €1 91/9] IN
0zs 00} AV} $T00°0 $19°0 8€°0 ‘91 - 8°C1/7-DH €1 €10 10 T/ Aoy
00S 001 SI/St 850 067 1£5¢ 6§ LIS-DH 06T 0670 81  9I/6] pey]
S1 001 91/91 $'0 y'Es 1£°0p 6~ §LISOH LL LLOY 9F  91/9] Jaddop
Al 001 91/91 S LUy 8C1¢E 6- 8/¢-OH 79 90 11 91/91 WNOIYD
§L8C $T'9 91/E 80 €¢ 90 6-SL/S-DH £ €TOINso ol wWniuwpe))
44 001 91/91 1o 698" 89°0 7S T/T6-4l A4 T £0  91/91 urnIfA1sg
44 001 91/91 $0 80°L 2’9 S T/T6-4L i1 11O v 9191 SruasIy
B3y/Bw Ul S|P 1BI0L
0 ¥/0 S 80 80 61-S'L1/6L-9L 80 800INS0 #/C apIUeA) [RI0],
£vL 7189 §11-01/9-0H L8 TR0 LE LU SPIOS U301
m_unomuuv.»:n.nv
[PAYT '10G
AWUSPIIIXG S0UIPIAIXY — oNEy I3 S0BLING {1) 10513(1 "XEN 19313(1 Aousnbarg
Jo apmytu3epy jusdiad S0UIPIVONY  JO WONRDI0L] TD[)} % §6 UEBSI Jo qisduieg rwnuixep sfaey uonosleg adpery

S]2A97] SUIUIAIDG IR AN ADEBLING JULIBTA]

o J0 241991014 SUONENUIIUC]) 110§ 0] dAneRY sojdureg [rog A1doag-uQ Jo Lreunung [BIISHEIS - p-p QL
JO 11934S



Hart Crowser

STXLI-DIASISY

"Pashl 51 SUJBA P310219P WNUIIXBUI 91])

‘S10313puou a1e sajdures i Jo weotad Ay ey SIow 10 ‘Us) wey) s3] 51 uonendod sjduwres i} 1991p WINWIXEW ) UBY] 197813 S1 TN %C6 S UsyA (1)

000SPl  9€S0€ STI/LT-4dL 000S%¥1  000SPICI10S  §/€ 198917
3y/3w ui H4L
0€ 5L 61-5°L1/64-41 0¢ BEOI1S000 /1 (1e101) QualdX
0 ¥10 $'8F S LT1 61-S°L1/6L-81 9 SOINS000 /1 oUARO],
0 Y10 091 ¥'8 AN 61-5'L1/64-GL 7’8 y8OI1S00°0 ¥/ apueIy) SUSYIBN
0 ¥/0 9.7 | AN 61-SL1/6L-E1, 81 810116000 ¥/l suszusqlAyIg
81 SSy 61-g'L1/6L-€L 81 810} €00 /€ U0y
/8w ug sARI0A
666 6289 61 -SLI/I-DH 666 666 041500 8T/IT SHVJO [moL
89°6 1L°01 8T/€ LiL TSL 6L°SS S'61-81/€-€1L 5L ISLOYN SO0 8T/OT susrig
0 $1/0 000011 $'0 L8991 dwo) gz-d1, $0 000SOL1S0'0 ST [ousy
0£01 ¥6°6L  61-SLI/I-DH 0£01 0501 I 1600 8T/OT SUANIURUSY
91 PIL 8T 886 0091 LYIvl 61 - SLI/T-OH 0091 0091 OI1 500 $7/81 suapeyydeN
L9991 16°0v 76 99°0 Of1 179 61 - S$'L1/1-DH 011 OIT 011500  ST/PI suaiAd(po-¢*Z 1 )ouspuy
651 yi'L 8T/T e 8¢ 9L°1€ $'61-81/€-6L P8¢ PRE 01N SO0 ST/LI 32100
17207 0s 8Tyl L'z 095 917 61-SLI/I-DH 09¢ 095 011500 8TIT SUPUBION]]
0zl 6%°L 61 - LI/1-DH 0Z1 0ZI NS00 ST/TL URINGOZUGH]
9¢°9¢ 18°€T 1T/s 99°0 vT LT1 61 -S'L1/1-DH ¥ YZOIN SO0 ST/OF QU0BRIIUR{YR)OZUSGI
€1 08°0 v-H £1 nozelNsee  sug aefeyydiA100-u-1g
0 £1/0 167 01 880 £T-5'12/8L-91 o1 0IOI1600 €12 ayefeypudiding-u-1g
$1'59Z [4S ST/El 99°0 Ll 1871 61-SLI/I-DH SL1 SLIOIN SO0  ST/LI auasAny)
16 970 S UT6-dL 10 N¥oiNseo €1 aereqydiszusqiling
L991 1111 81/T 99°Q I1 $$0 H i1 nozoiNsoo sy arpppyd(ixoyidys-g)sig
[oAS] 109G
DUPIOXF OUIPIXKY oney I31BM J0BURG (D 103137 Xe] 109191 Aousnbar
Jo spmyuden JUSDISd S0USPISOXF  JO UONOSI0IG "IDN % S6  UBSI Jo (qioduweg  wnuIxep odury uonssla(g oAUy

T30 T 19945

S[2A97) BUIUAIIDG JIJBAN FIBLING JULIBEA]
JO 2ARIN0L] SUOIENUNUOY) [10§ 0} danepRY sspdwes pog L1doig-uQ Jo A1vwwng RINISNEIS - p-p GBL




Hart Crowser

SIX81-DTASGISY

ury

1y

"3njeA palewnsy [
"PASN $1 ANBA PSP WNHINE Y}
‘sjo21epuon a1e sejdures 513 Jo wsorsd ALy wey) 10wl 10 ‘usy ueY) ss3y st uonendod ajdures 24} 10915D WINWIINBW 21} uey) 1318218 S1TDN %56 24t uaym (1)

6 £9°6¢ 78-39 43 601008 82 o
91 SL01 1S2g [ 91 nozoIfor g1 195311
3/ ur g4L
87°0 870 v-$T/E6-EL 820 87001 8TO I/ U030y
3¥/3wi ui sofyvjoA
9Z1L 69667 SF- S Lbivd 9zIL 9TILO) 9%0°0  ¥T/S] SHV J2 2101
v0'9¢ L'y Y/l LLL 0087 PELIT St S Lbid 0082 008T O 9100  +T/El ClEITE |
00¥8 6V ISE  8Y - $Lb g 00¥8 00P8 01 SZO'0  ¥T/9I SuBIpUeUSY ]
81°ST LI'y YUt 286 000s1 98°LT9  8F-¢L¥/d 000ST  00S1©F LOOO  ¥THI susfepydeN
90'901 1 ford ¥T/9 990 0t 88°0¢€ 8V - §'LYHE 0gL 0ELOINI SO0 +T/01 sua14d(po-£z 1 )ouspu]
LSTT LIy ¥/l e 0082 0TLIT  '8Y-SLyg 0082 008701 LO0'0  YT/II auronpy
9T 6571 A AL L't 00¥€ £STYT 8P -SLyg 00tE 00PE 0} €200  +T/ET UDULIONE]
0 o 002, 17 6T Sy - OV 1T nseoinsoe T seEppydidygourig
13437 128
IUAPISOKY WUSPIOXY  ONEY Jajem sorung 4] 10973 'Xe 109131 Aouonbazg
Jo spmugen JU30I34 0UIPIOXH  JOUONNI0Id TN % S6 UBAN o (T3 ojduiey  winwimxepw 23ury uoONoAR(J aheuy

SIPAYT SUILAIDG IIJVAN EBLING JULIBA]

oz JO 34131014 SUOHIENUDUOCY) [IOS 03 daney syjdweg 10§ L1adosd-|O Jo Lswmung [BMISHEIS - S-F QB
oIUS




FArt Lrowser

3

J-451

SIS I-OTMSIsH

009 6S°€E 8- $Lvd 009 0090101 S008I/ UBINJOZUQI(]
SHsyl £€°'8 A 990 96 o1y 8- S Lvid 9 9601 900 P8 suddenpue(ye)ozuagiq
7500 S8l S1/LL-8L 00 NS90I1600 8/ sejepydioe-u-1g
YT YIve L1627 PT/L 99°Q 0091 8TLY 8k S Livid 0091 0091 O 9£0°0  YT/ET SUASANYD
L6l Al 91/7 99°0 €1 170 6% - SLy/T-9 €1 ng90INSo0  gI/s awpepyd(iAxeyidyis-z)styg
171 01 o1/1 99'0 80 170 $'9~ ¢/6-dg 20 $O0INSO0  OI/E suaueiony(y)ozuey
(1)84 vl 8 - S LY/-H 0l¥ QIPOIN SO0  ¥U/6 auaphiad(1’y ‘FHozusg
12121e %2 4 P1/€ 99°0 00F1 9L 001 8¥-S'L¥d 00Y1 00¥I Y1500 PI/L auayIuRIOn(Qozudg
81 01 01/1 99°0 A 970 $'9 - g/5-dd (A TI99NS00  0l/¢ suayiueong(q)ozuag
9L'SLST §T ¥T/9 99°0 00L1 EVIL 8P - SLv/bE 00L1 00LI 0¥ 1§00 PT/TI aus1d(e)ozuag
YT YTYe L9791 YUy 99°0 0091 UL 8P -SLvibg 0091 0091 01 S£0'0  YT/EI ausseriue(e)ozusg
01 LIy v/l 0652 00LZ 16T11 8%~ S'L/rg 00LZ 00LT 0 6100  YT/LI ausdEnpUY
. 0071 600  8¥-SLvig 00Z1 00T1 01 ¥100  vUL susfdtpydeussy
68'80¢ £€'8 ¥t $'TT 00LY 65°L6T 8%~ SLEivd 00LY 00L% O3 8000  +T/11 sunpydeusoy
00S% YLL8D  8Y - SLE/vd 00SY 00SY O3 12070 $UL susteyydeujAyisN-g
€1 60°6 11 160 71 £1°0 $'1¥ - ov/v-d 1 nesooIfsoo i/l SUANOIONIUI(I-4'T
BB ur sapnejoANURg
LTLT 001 £7/57  L'L TPL'96 8Y'EL ¥ -~ 0/¢-dg 01¢ 010 L1  €UET ourz
S 6L £1/01 r4 4 90 0z0 $'9¢ - SE/7-6 90 NINNIE0  61/01 IDAJIS
L'y 1978 £T/61 1Y AN4Y 8L 0¥ $'9¢ - SE/T-8 ¥6 Y601 8 £T/ET [IN
ove 001 11/11 $2000 90 £1°0 6% - SLY/1-6 90 900 10 SI/I1 Amosp
12985 001 81/81 85°0 E6TT  SETY 6% - SLy/T-d 1)23 OVEOIN T £U/8T pea
961 001 £7/€T $0 89¢°0¢ SETY 6% - S'L¥/1-6 86 8601 11 £T/£T Jaddo)
9'91 001 £T/€T S TIso £8°7E $'9¢ - SE/T-6 €8 €801 6  €T/ET WNIWoIy
$'9 - 5/s-dg
SLE'T v0'€l €T/ 80 I’y 9¢°0 ¥ - 0/¢-dg 't 1'1OI0E0 €Uy WARIPED)
rd} 001 £H/El 10 £6L°0 99°0 S'1v - OF/v-9 1 19 $0  €l/€l wnifjAsag
07z 001 £T/€T $'0 69’17 LEPT ¢'1 - Ofp-dd 011 OII 0l T £UST OIUSEY
/3w ul s[eIOA JRI0L
£O°LL 0LTL  'S$¥-SLb/b-d 1£3 1801 6§ ZI/TI SPIJOS Jua01a]
m—«ﬁomw=0>ﬁonv
[?A3T 195
JVUAPIJOXT IOUIPIXY  ONEY  Idiep| 0BLIMG (D 192127 "XB 10011 Aousnbarg
Jo sprimgdey JU30I3q S0UIPIAVXT  JOUONDI0IJ TIN1% S6 UBSIN  Jo (7 ojdumieg wmuIXEpy s8uey uonoaleg AdeUy

7o 1 1R24s

SPAYY SUIUIRIIG J)BAA SIBLING JUMIBIA]
JO 3413393044 suoEL;UNUO)) [I0§ 0] anePY sspdureg 10§ Ardoag-1Q Jo Lrewrmng [ea1sH¥IS - S-F QUL




Hart Crowser
J-4515

5.0 SUMMARY OF GROUNDWATER CHARACTERIZATION

This section presents specific information on groundwater sampling and analysis,

mcluding:
. Previous On-Property and Off-Property Groundwater Sampling
Investigations. These subsections summarize available groundwater sampling

data for on-property and off-property investigations;

. Scope of Current Groundwater Sampling Program. Discusses the current

groundwater sampling program;

. Groundwater Screening Levels, Discusses the criteria to be used to screen the

previous and new groundwater sampling data;

. On-Property and Off-Property Groundwater Quality. These sections discuss
on-property and off-property groundwater quality data;

. Local Groundwater Not Used as a Drinking Water Source. Discusses

groundwater conditions relative to drinking water source;

. Potential Impacts to Elliott Bay. Discusses why groundwater from the Union

Station property poses limited, if any, potential risk to Elliott Bay; and

. Summary of Groundwater Quality. Summarizes the major findings of the

groundwater quality investigation.
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5.1 Previous On-Property Groundwater Sampling Investigations

Groundwater samples have previously been collected in association with several

investigations on the Union Station property. These groundwater sampling events include:

September 1985. A sample was collected from TB-78, in the northeast corner
of the Main Parcel (Figure 3-1);

. November 1985. A sample was collected from TB-80, on the east edge of the

Main Parcel;

. February 1986. Samples were collected from HC-1A, HC-2A, HC-3A, HC-4A,
HC-5A, and HC-6A on the Main Parcel, and from PW-4 and TB-96 on the North

Parcel; and

. March 1986. Another sample was collected from PW-4, on the North Parcel.
5.2 Previous Off-Property Groundwater Sampling Investigations

Groundwater samples have previously been collected off-property near the Union Station

property in association with investigative sampling events including:
. February 1986. Samples were collected from B-1, B-2, B-3, B-4, and B-6, in
5th Avenue South, located to the east of the Union Station property. Samples
were also collected from TB-95, OW-2, and OW-2A on South Jackson Street,

located north of the Main Parcel (Figure 3-1):

. March 1986. Another set of samples were collected from TB-95 and OW-2; and

5-2



Hart Crowser
J-4515

. January 1993. Samples were collected from B-1, B-2, B-3A, and B-5 on the
King Street Station property, which is located downgradient of the Union Station

property.
A summary of on- and off-property sampling and analyses is presented in Table 5-1.
5.3 Scope of Current Groundwater Sampling Program
The objective of the current groundwater evaluation effort was to confirm the previously
collected groundwater quality data. These results allow for comparison of current groundwater

conditions with those reported earlier (i.e., 1986 sampling), which in turn, can be-used as a

basis for evaluating potential impacts to Elliott Bay. The groundwater sampling program scope

included:

. Installing three downgradient monitoring wells screened in the upper fill deposits
at depths ranging from 5 to 15 feet below ground surface;

o Collecting groundwater samples and measuring water levels in existing upgradient
wells B-4 and B-6 and the three new downgradient wells;

. Using low-flow sampling to minimize possible false-positive sample results
associated with turbidity;

. Analyzing the groundwater samples for semivolatile organics (Method 8270

GC/MS SIMS), Volatile Organics (Method 8240 GC/MS), ten dissolved metals
(As, Be, Cd, Cr, Cu, Hg, Pb, Ni, Ag, and Zn), total suspended solids (TSS),
total dissolved solids (TDS), and TPH (WTPH-G and WTPH-D extended); and
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. Measuring water levels, pH, electrical conductivity, temperature, and dissolved

oxygen in the field.

5.4 Groundwater Screening Levels

As discussed in Section 5.8 below, the primary receptor of potential concern is marine
organisms in Elliott Bay. The screening level we used to evaluate groundwater quality are

summarized in the FS.

5.5 On-Property Groundwater Quality

Tables 5-2 and 5-3 summarizes the on~pr0perty groundwater analytical data, for each of
the locations with exceedences of the screening level for previous and current sampling events,
respectively. Tables 5-4 and 5-5 summarize the constituents detected, detection frequency,
highest and lowest detected concentration, location of highest detection, the screening level for
the constituents detected, and exceedences of the screening level for previous and current on-
property groundwater data, respectively. The complete chemical data for groundwater samples

are presented in Table D-2 in Appendix D.

It should be noted that the groundwater quality results reported by the previous
investigation may be significantly positively biased (particularly for high molecular weight
PAHs) because of the turbid nature of the samples. Groundwater samples collected during the
most recent sampling event were collected using low flow sampling techniques that significantly

reduced turbidity and provided more representative groundwater quality data.
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5.5.1 Previpus Data

Exceedences of screening levels in on-property wells from these high turbidity samples
includes cPAHs, ncPAHs, and arsenic in HC-3A and TB-78. Note that PAHs were also
detected upgradient of the property (see Section 5.6).

. Conventionals. Measured values for conventional water quality parameters
(chloride, sodium, conductivity, temperature, pH, and hardness) were all within
typical ranges for groundwater in the downtown area. No exceedences of

conventional parameters were observed.

. Total Metals. Total metals concentrations were observed to be consistently
higher than dissolved metals concentrations in data from previous investigations
(dissolved metals are defined by whatever passes through a 0.45 um filter). This
indicates that the total metals concentrations are associated with particulate matter
within the groundwater samples rather than dissolved in the groundwater, i.e.,
that the total concentrations are higher as a result of well installation,
development, and sampling methods which provide turbid samples. The
monitoring wells were installed in accordance with Chapter 174-160 WAC, yet
cannot necessarily be developed sufficiently to provide low turbidity samples
consistently across the property. Therefore, in accordance with MTCA (WAC
173-340-720 8(a)), dissolved metals concentrations are a more representative
measure of groundwater quality at the property. Dissolved metals analytical

results are discussed below and in all subsequent groundwater quality sections.
o Dissolved Metals. Dissolved metals analyses showed that only arsenic exceeded

its screening level of 0.004 mg/L. Arsenic exceedence concentrations range from

0.006 to 0.009 mg/L. Note that these arsenic concentrations are within the range
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of background levels for Western Washington groundwater that are thought to be
the result of natural conditions (USGS, 1994).

. Semivolatile Organics (PAHs). Exceedences of the screening level occurred for
two ncPAHs (acepaphthene and fluoranthene) in TB-78 and HC-3A. Note that
TB-78 is essentially an upgradient well, since it is located at the northeast corner
of the property. The cPAH exceedences occurred at locations HC-3, HC-5, and
TB-78 and range from 0.001 to 0.17 mg/L. Bis(2-ethylhexyl)phthalate was
detected at a concentration of 0.012 mg/L. at TB-96. Though this compound was
not detected in the laboratory blank, it is possible that this detection is associated

with laboratory contarnination.

o Volatile Organics. No detections were observed above screening levels.

. Total Petroleum Hydrocarbons. No total petroleum hydrocarbons analyses were

performed for previous on-property groundwater samples.

3.5.2 May 1996 Data

In May 1996, three new downgradient wells (HC-101, HC-102, and HC-103) were
sampled. An exceedence of screening levels was observed for dissolved arsenic in HC-101
(Table 5-5). Results for naphthalene and BTEX were reported in more than one analytical
method. However, the analytical methods more specific to these compounds were used for the
purposes of this report (for BTEX, EPA Method 8020, and for naphthalene, EPA Method 8270).
The complete chemical data for the May 1996 groundwater samples (both on- and off-property)
are presented in Table D-3 in Appendix D.
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. Conventionals. Measured values for conventional water quality parameters (total
dissolved solids, conductivity, temperature, and pH) were all within typical

ranges for groundwater in the downtown area.

® Dissolved Metals, Dissolved metals showed that only arsenic exceeded its
screening level (0.004 mg/L) at a concentration of 0.0091. This concentration
is similar to the exceedence observed in the previous on-property groundwater
sampling results which are comparable to arsenic concentrations observed in
Western Washington groundwater (USGS, 1994). In addition, this concentration
is lower than the maximum concentrations observed in off-property dissolved

arsenic samples.

. Other Constituents except TPH. No exceedences of screening criteria were

observed for any other constituents.

. Total Petroleum Hydrocarbons. TPH as gasoline was detected in HC-101 at
3.6 mg/L and in HC-102 at 0.074 mg/L. TPH as diesel was also detected in HC-
101 at 2.5 mg/L. Although there is not MTCA Method B cleanup level for TPH
in groundwater, the MTCA Method A cleanup level is 1 mg/L.. However, the
chromatograms of these samples do not contain a hydrocarbon pattern indicative
of gasoline or diesel (Appendix F). The compounds that eluted in the gasoline
and diesel ranges appear to be mostly aromatic compounds derived from a coal

tar- or creosote-like source,
5.6 Off-Property Groundwater Quality

Tables 5-6 and 5-7 summarize the off-property groundwater analytical data for each of
the locations with exceedences of the screening criteria for previous and current sampling events,

respectively. Tables 5-8 and 5-9 summarize the constituents detected, detection frequency,
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highest and lowest detected concentration, location of highest detection, the screening levels for
the constituents detected, and exceedences of the screening levels for previous and current
off-property groundwater data, respectively. The complete chemical data for previous

groundwater samples are presented in Table D-2 in Appendix D,

5.6.1 Previous Data

Upgradient of the property, several wells had exceedences of the screening levels. The
ncPAH concentrations exceeded the screening level in B-4, and the arsenic concentration in B-6
exceeded its screening levels. Total cyanide also exceeded the screening level in B-4. It should
be noted that the turbid nature of the groundwater sample collected from well B-4 in 1986 may

have positively biased the observed PAH concentrations.

Downgradient of the property, no constituents were detected in samples from the King

Street Station property above their respective detection limits.

Well OW-2A, located in South Jackson Street north of the Main Parcel, had exceedences

in benzene, toluene, and ethylbenzene, as well as several ncPAHs.

. Conventionals. Measured values for conventional water quality parameters
(chloride, sodium, conductivity, temperature, pH, and hardness) were all within
typical ranges for groundwater in the downtown area, except for a fairly high
conductivity value of 6,200 umhos/cm in B-2, located just east (upgradient) of the
Union Station Site. Total cyanide was detected at 0.081 mg/L in B-4, which is
located in 5th Avenue just east (upgradient) of the Union Station property.

Cyanide was not detected at any of the other five off-site sampling locations.
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Total Metals. Dissolved metals, as discussed below, are considered to be more
representative of property and area groundwater quality, as discussed in Section
5.5.1.

Dissolved Metals. Dissolved metals analysis results indicated that arsenic,
copper, and nickel exceed their screening levels. Arsenic exceeded the screening
level in two locations (B-1 and B-6) and ranged from 0.005 to 0.11 mg/L. B-1
and B-6 is located upgradient of the south end of the Main Parcel. Copper
exceedence concentrations range from 0.003 to 0.004 mg/L. Nickel exceedence

concentrations range from 0.014 to 0.13 mg/L.

Semivolatile Organics. Exceedences of the screening level occurred for ncPAHs
(acenaphthene and fluoranthene) and cPAHs.. These exceedences occurred
primarily in B-4, which is located upgradient (east) of the Union Station property,
and in OW-2A, located on South Jackson Street between the Main Parcel and the
North Parcel. Bis(2-ethylhexyl)phthalate was detected at low concentrations in
two locations (B-1 and TB-95) and ranged from 0.01 to 0.02 mg/L. Though this
compound wasn’t detected in the laboratory blank, it is a common lab

contaminant which may be the source of these two detections.

Volatile Organics. BTEX were detected at two locations, B-4 and OW-2A.
Benzene, toluene, and ethylbenzene concentrations were detected at concentrations
above the screening levels in OW-2A. Monitoring well OW-2A is located in
South Jackson Street to the north of the Main Parcel. These exceedences may be

associated with a former gas station that operated upgradient of the property.

Total Petroleum Hydrocarbons. TPH analyses as diesel and as oil were

conducted on samples from B-1, B-2, and B-3A on the King Street Station
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property, located downgradient of the Union Station property. There were no

TPH detections in these samples.

5.6.2 May 1996 Data

In May 1996, two upgradient wells (B-4 and B-6) were sampled.

. Conventionals. Measured values for conventional water quality parameters (total
dissolved solids, conductivity, temperature, and pH) were all within typical
ranges for groundwater in the downtown area. Cyanide exceeded the screening

level at upgradient well B-4.

. Dissolved Metals. Dissolved metals analyses showed that only arsenic and nickel

exceeded the screening levels in B-6.

. Semivolatile Organics (PAHs). Semivolatiles were detected at concentrations

exceeding the screening levels in well B-4,

. Volatile Organics. There was an exceedence of screening levels for benzene in

well B-4 indicating an off-property upgradient source of BTEX compounds.

* Total Petroleum Hydrocarbons. TPH was not detected in either upgradient

well.

3.6.3 Utility Corridor

Underground utility corridors can sometimes provide a preferential pathway for shallow

groundwater flow, because the utility conduits are commonly bedded in highly permeable gravel.
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Thus, a limited evaluation of the potential for preferential utility corridor transport at the

downgradient perimeter of the property was conducted as part of this RI.

Based on a review of City of Seattle utility maps, two primary utilities were identified
downgradient of the property. Beneath Fourth Avenue, there is a 4-foot-diameter sewer main
buried approximately 14 to 15 feet below ground with a slope toward the south, and a water
main is present at a depth of 2 to 3 feet below ground. The water line is above the groundwater
table and consequently does not pose a potential groundwater flow pathway: however, the sewer

main may provide a preferential flow pathway.

5.7 Local Groundwater Not Used as a Drinking Water Source

MTCA (WAC 173-340-720) assumes that all groundwater is a current or future potential

drinking water source unless one of the following three conditions is met:

. Groundwater does not have sufficient yield (i.e., less than 0.5 gallon/minute on

a sustained basis);

. Groundwater contains naturally occurring constituents that cause the water to be

non-potable, (e.g., total dissolved solids greater than 10,000 mg/L); or

o Groundwater exists at such great depths or in a location that makes it technically

infeasible to recover.

Ecology has also reserved the right to designate certain aquifers that do not meet one or
more of the exemptions as nonpotable on a case-by-case basis (e.g., Harbor Island, and shallow
aquifers in the Commencement Bay nearshore area).  This property is within an

industrial/commercial area with no hydraulically downgradient areas to the west and northwest
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that have any potential to be future drinking water sources based on the relatively high total

dissolved solids.

Ecology has determined that the groundwater pathway is the only pathway of potential
concern at the Union Station property, based on published information associated with the recent
reranking of the former property (Hart Crowser, 1994). In 1994, Roy F. Weston (with
concurrence from EPA) concluded the waters under the property would not be used as a drinking
water source and stated that there were no drinking water wells within 5 miles of the property
(Appendix G).

In 1991, SAIC under contract to Ecology concluded no further remedial action for the
property based, in part, on the lack of use of the groundwater for drinking water (Appendix G).
However, groundwater is not currently used for drinking water in the vicinity of downtown
Seattle. Municipal drinking water for the City of Seattle comes from the protected surface water
sources of the Tolt and Cedar Rivers. Furthermore, there is no reason to believe that property
groundwater will be a drinking water source in the future. Groundwater quality in the
downtown Seattle area is generally poor because it has been impacted by a number of historical
industrial/commercial sources. For example, groundwater in the area of the Union Station
property has total dissolved solids (TDS) concentrations of 300 to 500 mg/L., although the
MTCA standard is 10,000 mg/L, the Washington State standard is 250 mg/L for groundwater

to be used as drinking water.
5.8 Modeling of PAH Transport in Groundwater

Groundwater monitoring data collected from shallow wells (HC-101, HC-102, and
HC-103) in the fill groundwater zone downgradient of the property indicate that the PAHs
detected in groundwater beneath the Union Station property are reduced substantially within a
short distance downgradient of the property (all PAH detections were below screening levels).

These results indicate that the detected PAHs do not pose an adverse impact to Elliott Bay.
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Although there were no PAH exceedences in the May 1996 sampling, to further support
reductions in PAH concentrations attributable to natural dispersion and dilution in the aquifer,
groundwater modeling was performed using the EPA Exposure Assessment Multimedia Model
Multimed (Salhotra et al., 1990). Multimed is a repackaged version of the contaminant transport
model used by EPA to calculate dilution/attenuation factors (DAFs) in development of the TCLP
regulations. The DAF is equivalent to the concentration reduction occurring between the
property and a downgradient location. Only the saturated zone (aquifer) module of the model
was used for this evaluation. To provide conservatism for this evaluation, only physical
dispersion and dilution in the aquifer were considered. Chemical and biological attenuation
process (e.g., sorption and degradation) were not considered. Consequently, DAFs estimated
by this modeling are both conservative and constituent-independent (i.e., applicable to any

constituent).

PAHs are the principal chemicals of potential concern at the Union Station property. Our
conceptual model indicates (refer to Section 6.0) that shallow groundwater at the Union Station
property flows beneath the King Street property on its way to Elliott Bay. Groundwater quality
data from the King Street property showed no detections of PAHs, indicating that PAHSs are not
readily transported in the aquifer from the Union Station property. The objective of the
modeling was to evaluate whether natural dispersion/dilution processes in the aquifer could be
expected to reduce concentrations of PAHs sufficiently to produce nondetectable concentrations
by the time groundwater reached the King Street property, thus providing a verification of the
empirical data. Naphthalene was the PAH with the highest detected concentration at the Union
Station property. Thus, naphthalene was the focus of the modeling effort. (Coincidentally,
naphthalene is the most mobile, or least attenuated, of the PAHs based on partition coefficients
from the literature; however, as discussed above, the modeling did not consider attenuation
processes). Naphthalene also represents a conservative basis for evaluation of phenanthrene the
only constituent detected in the May 1996 downgradient well sampling (because it is more

mobile than phenanthrene).
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The steady state modeling used property-specific information for hydraulic parameters
(e.g., hydraulic conductivity of 1 x 10° cm/sec, and gradient of 0.002) available from previous
work at the property (Hart Crowser, 1986). Aquifer thickness was assumed to be only 10 feet
for this evaluation, and porosity was assumed to be 0.3 based on literature values. Infiltration
within the property and recharge downgradient of it were assumed to be 10 percent of
precipitation (or 4.4 inches/year) based on runoff estimates for commercial/industrial areas
(Linsley and Franzini, 1979) and an average precipitation of 44 inches/year at Sea-Tac airport.
Longitudinal, transverse, and vertical dispersion were calculated by the model using the model
default relationships based on distance from the source to the receptor well (vefer to Salhotra et
al., 1990). The initial concentration at the property was set at 1.0 mg/L, such that the modeled
downgradient concentration will be the inverse of the DAE. Appendix E provides a listing of

model input assumptions and the modeling results.

The results of the highly conservative modeling indicate that naphthalene (and
consequently phenanthrene) should be at concentrations below detection limits by the time
groundwater reaches the King Street property, approximately 400 meters away. A DAF of
about 10,000 was estimated by this modeling (Appendix E). The highest naphthalene
concentration detected on property was 2,300 pg/L. Reducing this by 10,000 times produces
an estimated concentration at the King Street property of about 0.2 ng/L, which is below the
detection limit of 1 ug/L. By inference, the other PAHs, detected at lower concentrations on
the property than naphthalene, should also be below detection limits at the King Street property.
This also applies to phenanthrene detected in the downgradient well. Since the PAHs are
reduced to concentrations below surface water screening levels by the time they reach the King
Street property, the PAHs at the Union Station property pose negligible risk to marine organisms
in Elliott Bay. Even if preferential flow pathways exist, substantial reductions in concentration

would still be expected within a relatively short distance, thereby posing little risk to Elliott Bay.
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3.9 Summary of Groundwater Quality

Regional groundwater flow in the vicinity of the Union Station property is generally
westward toward Elliott Bay. On the property, flow in the fill groundwater zone is in a
northwesterly direction, with eventual discharge to Elliott Bay. Downward movement of
groundwater to deeper marine and glacial zones is not expected because of regionally and locally
upward gradients. Groundwater in the area is not used for drinking water; therefore, the

primary receptor of concern is marine organisms in Elliott Bay.

Previous groundwater sampling data show that several upgradient wells had exceedences
of the screening levels. These exceedences included ncPAHSs, cyanide, and arsenic. Benzene,
toluene, and ethylbenzene exceedences were present beneath South Jackson Street north of the
Main Parcel. On-property groundwater sampling also showed no exceedences of ncPAHs and

cPAHs.
The May 1996 groundwater sampling data showed no exceedences of PAHs or any other

constituents in the downgradient wells. Only arsenic exceedences at concentrations similar to

western Washington background were observed in both upgradient and downgradient wells,
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Table 5-1 - Unien Station Sample Information Table (Groundwater)
Depth Interval Total  Diss EP Tox Pest/
Sample-ID in Feet Date  Conv Metal Metal Metal Herb SVOA VOA TPH
On-Property :
HC-101 5/3/96 X X X X X
HC-102 5/3/96 X X X X X
HC-103 5/3/96 X X X X X
HC-1A 2/18/86 X X X X
HC-2A 2/18/86 X X X X
HC-3A 2/18/86 X X X X
HCH4A 2/18/86 X X X X
HC-5A 2/18/86 X X X X
HC-6A 2/18/86 X X X X
HC-B4 5/1/96 X X X X X
HC-B-6 5/3/96 X X X X X
PW4 2/20/86 X X X X
PW4 3/20/86 X X
TB-78 51025 9/16/85 X X X X
TB-80 151025 11/11/85 X X X X
TB96 ‘ 2/20/86 X X X X
Off-Property
B-1 2/19/86 X X X X
B-1 1/22/93 X X X
B-2 2/19/86 X X X X
B-2 1/22/93 X X X
B-3 2/19/86 X X X X
B-3A 1/22/93 X X X
B-4 2/19/86° X X X X
B-5 1/22/93 X X X
B-6 2/19/86 X X X X
Oow2 2/21/86 X X X X
ow2 3/20/86 X X X X
OW2A 2/21/86 X X X X
TB9S 2/20/86 X X X X
TB935 3/20/86 X X
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Table 5-2 - Screening Criteria Exceedences in
Previous On-Property Groundwater Samples

Sample ID Sampling Analyte Result Screening
Date in mg/L. Level in mg/L
HC-2A 2/18/86 Arsenic, Dissolved 0.009 0.004
HC-3A 2/18/86 Arsenic, Dissolved 0.008 0.004
HC-3A 2/18/86 Benzo(a)anthracene 0.028 0.0001
HC-3A 2/18/86 Benzo{a)pyrene 0.036 0.0002
HC-3A 2/18/86 Chrysene 0.029 0.0001
HC-3A 2/18/86 Dibenzo(ah)anthracene 0.001 0.0002
HC-3A 2/18/86 Fluoranthene 0.054 0.0271
HC-3A 2/18/86 Indeno(1,2,3-cd)pyrene 0.013 0.0002
HC-4A 2/18/86 Arsenic, Dissolved 0.007 (.004
HC-5A 2/18/86 Arsenic, Dissolved 0.006 0.004
HC-5A 2/18/86 Benzo(a)pyrene 0.001 0.0002
HC-5A 2/18/86 Indeno(1,2,3-cd)pyrene (.001 0.0002
TB-78 9/16/85 Acenaphthene 0.37 0.225
TB-78 9/16/85 Benzo(a)anthracene 0.14 0.0001
TB-78 9/16/85 Benzo(a)pyrene 0.17 0.0002
TB-78 9/16/85 Benzo(k)fluoranthene 0.12 0.0002
TB-78 9/16/85 Chrysene 0.16 0.0001
TB-78 9/16/85 Fluoranthene 0.31 0.0271
TB-78 9/16/85 Indeno(1,2,3-cd)pyrene 0.001 0.0002
TB96 2/20/86 Bis(2-ethylhexylphthatate 0.012 0.0059
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Table 5-3 - Screening Criteria Exceedences in May 1996
On-Property Groundwater Samples

Sample ID Sampling Analyte Result Screening
Date in mg/L Level in mg/L
HC-101 5/3/96 Arsenic, Dissolved 0.0091 0.004
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Table 5-6 - Screening Criteria Exceedences in Previous

Off-Property Groundwater Samples
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Sample ID Sampling Analyte Result “Screening
Date inmg/L Level in mg/L
B-1 2/19/86 Arsenic, Dissolved 0.005 0.004
B-1 2/19/86 Nickel, Dissolved 0.016 0.01
B-1 1/22/93 Bis(2-cthylhexyDphthalate 0.02 0.0059
B-2 2/19/86 Copper, Dissolved 0.004 0.0029
B-2 2/19/86 Nickel, Dissolved 0.02 0.01
B-3 2/19/86 Copper, Dissolved 0.003 0.0029
B-3 2/19/86 Nickel, Dissolved 0.014 0.01
B-4 2/19/86 Total Cyanide 0.081 0.03
B-4 2/19/86 Nickel, Dissolved 0.013 0.01
B4 2/19/86 Acenaphthene 0.69 0.225
B-4 2/19/86 Benzo(a)anthracene 0.11 0.0001
B-4 2/19/86 Benzo(a)pyrene 0.16 0.0002
B4 2/19/86 Chrysene 0.097 0.0001
B-4 2/19/86 Fluoranthene 0.24 0.0271
B-4 2/19/86 Indeno(1,2,3-cd)pyrene 0.054 (.0002
B-4 2/19/86 Benzene 04 0.071
B-6 2/19/86 Arsenic, Dissolved 0.11 0.004
B-6 2/19/86 Nickel, Dissolved 0.015 0.01
OW2A 2/21/86 Acenaphthene 0.39 0.225
ow2A 2/21/86 Naphthalene 122 9.8
OW2A 2/21/86 Benzene 64 7 0.071
OW2A 2/21/86 Ethylbenzene 77 0.276
OW2A 2/21/86 Toluene 63 7 0.485
TB93 3/20/86 Bis(2-ethylhexyl)phthalate 0.01 0.0059
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Table 5-7 - Screening Criteria Exceedences in May 1996
Off-Property Groundwater Samples

Sample ID Sampling Analyte Result Screening
Date in mg/L Level in mg/L

HC-B-4 5/1/96 Arsenic, Dissolved 0.0099 0.004

HC-B-6 5/3/96 Arsenic, Dissolved 0.013 0.004
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