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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 pmcﬁase 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
» Develep 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 summarized 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 coliection 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.
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» 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 (1986a and 1986b). Samples from various explorations including soil borings, surface
soil samples, and groundwater monitoring wells were collected and analyzed 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).

06/26/96 1:\2T3008\012\FS.$01 1-4 LANDAU ASSOCIATES, INC.




1.3 Summary of Soil Quality

Eighty-two soil samples were collected on and off the property. The analytical resuits
from soils between O 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 from 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-ethylhexyl)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 als;) 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 (well
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 prdperty 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 determine 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 Downgradient 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:

06/26/96 1:\273\008\012\FS.S01 1-8 LANDAU ASSOCIATES, INC.



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 remedial 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 (institutionél controls)
« Sampling and analysis (monitoring)

» Paving (capping)

« Air sparging (i 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. _

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 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. 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 $1,200,000.

Alternative 3 - Air sparging, paving, monitoring, institutional controls, and
construction soil 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 ﬂle contaminated soil is accessible, and all 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 andISOuth Airport 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 nﬁgration potential and the low solubility in groundwater
cause the constituents of concern in the contaminated soil to be relatively immobile, 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 cieanup 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
Beryllium
Lead

X X

i

TPH X® X®

Semivolatiles
Bis(2-ethylhexyl)phthalate
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(bk)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene
Fluoranthene
Acenaphthene

ol o T I B
o M

g »E P4 X 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;

o 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;

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

statistical exceedence of protective standards; and
o 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
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(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 limits. 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 criteria protective of marine organisms in Elliott 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;

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

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

. Sarﬁpling using methods such as proper wel'l design, development, and low-flow

sampling to minimize possible false-positive sample results associated with

turbidity;
o 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;

o 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 to 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;

o 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;

o 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 con;ists 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 (JDM). 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:

o The property is currently comprised of vacant land, the Union Station building,
. and the Metro bus tunnel;

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

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

e 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 is 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 Areq

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 land.
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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 continued 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 Airport Way South were built between 1888 and 1894. Some of these were associated
with railroad operations, although some appear to 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,

sodium, 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 atlthe 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
in 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, 1987c, 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.

2-14



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 tar-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

1950

June 1991

June 1991

July 1993

June 1994

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 tunne].

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

Hart Crowser
J-4515

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 to 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 gravel

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 (tili-
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 informaﬁon 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 Cfowser, 1986). This grouﬁdwater 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 tunne! 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 Utlity 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

Well Number Fill Zone Deep Glacial Zone Other
HC-1A (1) 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 . -- -
B4 3.94 - -
B-6 14.20 - -
B-119 - 8.66 -
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 T 2.840.5 (2) -- -
B-6 13.01 - -
NOTES:

(1) Very slow recovery :
(2) Estimated using approximate ground surface elevation
NA = No piezo installation or brocken
* = Artesian conditions, water overflows.
- = Not relevant

—
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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:

o Seoil Quality Investigations/Soil Quality Exploration and Chemical Analysis
Programs. These sections summarize previous soils investigations that were used

for this RI.

o 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.

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

direct contact and groundwater protection screening levels.

o 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.

o 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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o 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

4-3
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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.

i

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

4-4
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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

4-5
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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 O 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 betweep 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 cPAHSs may be attributed to placed fill material. Location HC-4 and
TB-91 did not have any visually obse;'ved 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 all
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 tn 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:

J Carcinogenic "PAHs. Most of the PAHs that exceed the default groundwater
protection screening levels for soils are cPAHs derived primarily from éoal 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 cPAHs 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 propérty 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 collecfed on and

immediately adjacent to the property. The highest concentrations of PAHs and metals were
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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 screening 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) Sheet 1 of 2
Depth Interval Total Diss EP Tox Pest/
Sample-ID 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 G-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-2 8-1 Oto 1.5 6/24/87 X
G-38S-3 5.0t0 6.5 6/24/87 X
G-48-1 Oto 1.5 6/24/87 X
G-4 §-3 40t055 6/24/87 X
G-58-3 401055 6/24/87 X
G-6 S-1 Oto 1.5 6/25/87 X
G-6S-3 40t05.5 6/25/87 X
G-7S-1 Oto 1.5 6/25/87 X
G-8 §-1 Oto 1.5 6/25/87 X
FS-1 Comp 2509 1/16/87 X X X
FS-2 Comp 25t014 1/17/87 X X X
FS-3 Comp 2.5t 109 1/17/87 X X X
H-1 1 12/6/85 X
H-2 1 12/6/85 X
H-3 1 12/6/85 X
H-4 1 12/6/85 X
HC-1 I0to 11.5 12/10/85 X X X
HC-1 17.510 19 12710185 X X X
HC-2 10to 11.5 12/12/85 X X X
HC-2 15.8t0 16.5 12712185 X X X
HC-3 17.5t0 19 12/11/85 X X X
HC-3 8to9 1211785 X X X
HC-4 2251024 12117185 X X X
HC-4 7509 12/17/85 X X X
‘HC-5 22.5t024 12/13/85 X X X
HC-5 75109 12/13/85 X X X
HC-6 10to 11.5 12/12/85 X X X
HC-6 22510235 12/12/85 X X X
TB-22 12.5 9/13/84 X X
TB-25 18to 19 10/10/84 X X
TB-3 18 to 19.5 10/12/84 X X
TB-78 19 to 20.5 11/11/85 . X X
TB-78 21.5t023 11/11/85 X X
TB-78 Comp 19 to 23 /11785 X X X X
TB-79 1751019 9/5/85 X X X X
TB-91 12.5t0 14 12/10/85 X
TB-91 25t04 12/9/85 X
TB-91 310325 12/11/85 X
TB-92 13 to 14.5 12/12/85 X
TB-92 25t04 12711785 X X X X
TB-92 33t034.5 12/12/85 X X X X
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Depth Interval Total Diss EP Tox Pest/
Sample-ID in Feet Date Conv Metal Metal Metal Herb SVOA VOA TPH
Off-Property
B-1 35t036.5 12/16/85 X X X
B-1 40to 41.5 12/16/85 X X X
B-1 4751049 12/16/85 X X X
B-2 35t036.5 12/18/85 X X X
B-2 47.5t049 12/18/85 X X X
B-3 335t034 12/19/85 X X X
B-3 52.5t0 54 12/19/85 X X X
B-4 325t034 12/18/85 X X X
B-4 40to 41.5 12/18/85 X X X
B-4 47510485 12/18/85 X X X
B-6 29.5 t0 31 12/23/85 X X X
. B-6 39.5t0 41 12/23/85 X X X
B3A-COMP 5to 14 1/21/93 X
B3A-S1 25104 1/21/93 X
B3A-S5 125t0 14 1/21/93 : X
B6-S1 24t04 1/21/93 X X
B6-54 10to 115 1/21/93 X
B7-COMP 7.5t0 14 1/21/93 X
B7-51 25t04 1/21/93 X
B7-S2 5t06.5 1/21/93 X
B§-COMP 25t09 1721/93 X
B8-52 5t06.5 1/21/93 X
BB-S83 75t09 1/21/93 X
BP-3 Oto4 6/22/87 X X X
BP-3 5t9 6/22/87 X X X
BP-4 Otol5 6/24/87 X X X
BP-4 6to9 6/24/87 X X X
BP-5 25t03 6/24/87 X X X
BP-5 5t06.5 6/24/87 X X X
TB-4 12.5t0 14 7117/84 X
TB-77 15 8/29/84 X
TB-93 15to0 16.5 12/3/85 X
TB-93 25104 12/13/85 X X X X
TB-93 35t0 36.5 12/14/85 X
TB-93 52.5t0 54 12/14/85 X

4515\SMPL-INF.XLS




Table 4-2 - Statistical Summary of On-Property Soil Samples Less than 15 Feet in Depth
Relative to MTCA Method B Residential Screening Levels

Sheet 1 of 2

4515\REQ-7.XLS

Analyte Detection Range Maximum  Sample ID Mean  95% UCL Method B Exceedence Percent Magnitude of
Frequency Detect of Max. Detect (1) Screening  Ratio  Exceedence Exceedence
Level
Conventionals
Percent Solids 6/6 644 t087.2 87.2 HC-6/10-11.5 7147 87.2
Semivolatiles in mg/kg
2-Methylnaphthalene 4/14 005U 10150 150 HC-3/8-9 11.26 150
Acenaphthene 6/15  0.05Uto 100 100 HC-3/8-9 12.89 100 4800 0/15 0
Acenaphthylene 5/15 0.05Uto 55 55 HC-3/8 -9 6.20 55
Anthracene 715  0.05Uto 84 84 HC-3/8 -9 7.60 84 24000 0/15 0
Benzo(a)anthracene 8/15 005Uto43 43 HC-3/8 -9 4,95 43 0.66 5/15 33.33 65.15
Benzo(a)pyrene 9/15 0.05Uto41 4] HC-3/8 -9 419 41 0.66 5/15 33.33 62.12
Benzo(b)fluoranthene 38 005Uto3 3 TB-22/12.5 0.42 3 0.66 1/8 12.5 4.55
Benzo(bk)fluoranthene 4/7 0.05Uto 34 34 HC-3/8 -9 5.96 34 0.66 4/6 66.67 51.52
Benzo(g,h,i)perylene 6/15 005Uto 17 17 HC-3/8 -9 1.57 17
Benzo(k)fluoranthene 2/8 005Ut 3 3 TB-22/12.5 0.42 3 0.66 1/8 12.5 4.55
Bis(2-cthylhexyl)phthalate” 2/14 0.05Uto 11 11 H-4 1.05 - 11 71.4 0/14 ¢
Butylbenzylphthalate 1/8 005Uto 0.1 0.1 TB-92/2.5-4 0.04 0.1
Chrysene 14 005Uto 36 36 HC-3/8 -9 3.61 36 0.66 4/14 28.57 54.55
Di-n-octylphthalate 1714 005Ut3U 1.3 H-4 0.34 1.3 1600 0/14 0
Dibenzo(ah)anthracene 4/15 005Uto5 5 HC-3/8 -9 0.43 5 0.66 1/13 7.69 7.58
Dibenzofuran 4/14 0.05Uto 13 13 HC-3/8-9 1.16 13
Fluoranthene 10/15  0.05 U to 100 100 HC-3/8 -9 9.23 100 3200 0/15 0
Fluorene 6/15 005Uto84 84 HC-3/8 -9 7.97 84 3200 0/15 0
Indeno(1,2,3-cd)pyrene 6/15 0.05Uto 18 18 HC-3/8 -9 .52 18 0.66 ns 23.08 27.27
Naphthalene 8/15 005Uto 150 150 HC-3/8-9 16.88 150 3200 0/15 0
Phenanthrene 10/15  0.05U to 250 250 HC-3/8 -9 23.05 250 e
Pyrene 9/15 0.05Uto93 93 HC-3/8-9 13.02 93 2400 0/15 0 m
Total cPAHs 9/15 0.05Uto 177 177 HC-3/8 -9 17.62 177 A
Volatiles in mg/kg "_‘ g
Acetone 1/1 0.03 10 0.03 0.03 TB-92/2.5-4 0.03 0.03 8000 0/1 0 & z
a
1




Table 4-2 - Statistical Summary of On-Property Soil Samples Less than 15 Feet in Depth
Relative to MTCA Method B Residential Screening Levels

Sheet 2 of 2

Analyte Detection Range Maximum  Sample ID Mean 95% UCL Method B Exceedence Percent Magnitude of
Frequency Detect of Max, Detect (1) Screening  Ratio  Exceedence Exceedence
Level
Total Metals in mg/kg
Arsenic 77T 46 toll 11 TB-92/2.5-4 7.27 11 1.67 i 100 6.59
Beryllium 7T 05 t02.2 22 TB-92/2.5-4 0.83 2.2 0.233 17 100 9.44
Cadmium 27 05Uto23 23 HC-5/715-9 0.59 23 80 0/7 0
Chromium 777 11 to 62 62 HC-3/8 -9 39.29 62 400 0/7 0
Copper 11 28 to 77 77 HC-5/15-9 50.57 77 2690 0/7 -0
Lead mn 6 t0 290 290 HC-5/7.5-9 79 290 250 1/7 14.29 1.16
Mercury 6/6 0.1 to.8 0.8 HC-4/7.5-9 0.30 0.8 24 0/6 0
Nickel 7717 13 to 72 72 HC-3/8 -9 47.43 72 1600 0/7 0
HC-4/75-9 0
Silver 6/7 0.1Ut00.7 0.7 HC-4/7.5-9 0.46 0.7 400 0/7 0
Zinc 77 44 101100 1100 HC-5/1.5-9 227 1100 24000 0/7 0
EP Tox Metals in mg/L ’
Barium ~ 18/18 0.1 t00.5 0.5 Comp 1002 025 © 0.322
Comp 1005
Zinc 15/15 0.1 to 0.8 0.8 G-8 S-1 0.31 0.462
TPH in mg/kg
Diesel /1 145000 to 14500 145000 TB-22/12.5 145000 145000

(1) When the 95% UCL is greater than the maximum detect, the sample population is less than ten, or more than fifty percent of the samples are
nondetects, the maximum detected value is used.
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Table 4-3 - Statistical Summary of Off-Property Soil Samples Less than 15 Feet in Depth
Relative to MTCA Method B Residential Screening Levels

Sheet 1 of 2

Analyte Detection Range Maximum Sample ID Mean  95% UCL Method B Exceedence Percent Magnitude of
Frequency Detect of Max. Detect 0))] Screening Ratio  Exceedence Exceedence
Level
Semivolatiles in mg/kg

2-Methylnaphthalene 3/9 0021 to0.15 0.15 BP-3/0-4 0.05 0.15

Acenaphthene 5/9  0.008 t090.39 039 BP-3/0-4 0.07 0.39 4800 0/9 0
Acenaphthylene 4/9 0014 to0.17 0.17 TB-4/12.5-14 0.04 0.17

Anthracene 5/9  0.019 t00.41 041 BP-3/0-4 0.10 0.41 24000 0/9 0
Benzo(a)anthracene 79 0.035 100.68 0.68 TB-4/12.5-14 0.22 0.68 0.66 1/9 11.11 1.03
Benzo(a)pyrene 59 005Uto1 1 TB-4/12.5-14 0.32 I 0.66 2/9 22.22 1.52
Benzo(b)fIuoranthene 3/7 005Ut 1.2 12 BP-5/5-6.5 0.36 12 0.66 1/7 14.29 1.82
Benzo(bk)fluoranthene 22 016 100.17 0.17 TB-77/15 0.17 0.17 0.66 0/2 0
Benzo(g,h,i)perylene 49 005Ut0l.8 1.8 BP-5/5-6.5 0.36 1.8

Benzo(k){luoranthene 3/7 0.05U100.8 08 BP-5/5-6.5 0.29 08 0.66 1/7 14.29 1.21
Chrysene 7/9  0.036 to0.81 081 BP-3/0-4 0.27 0.81 0.66 2/9 2222 1.23
Di-n-octylphthalate 173 0.05U100.1 0052 TB-77/15 0.04 0.052 1600 0/3 0
Dibenzo(ah)anthracene ~ 5/9 0.046 t0 0.2 0.2 BP-5/5-635 0.08 0.2 0.66 0/9 0

Fluoranthene 5/9 0023 10 1.6 1.6 TB-4/12.5-14 0.35 1.6 3200 0/9 0

Fluorene 5/9  0.007 100.3 03 BP-3/0-4 0.06 0.3 3200 0/9 0
Indeno(1,2,3-cd)pyrene 5/9 005Uto 1.8 1.8 BP-5/5-6.5 0.36 1.8 0.66 2/9 22.22 2.73
Naphthalene 5/9 0.007 10 0.12 0.12 BP-3/0-4 0.05 0.12 3200 0/9 0

Phenanthrene 8/9 0.025 10 1.3 1.3 BP-3/0-4 10.29 1.3

Pyrene 5/9 0016 to 1.5 1.5 TB-4/12.5-14 0.30 1.5 2400 0/9 0

Total cPAHs 8/9  0.046 t05.67 567 BP-5/5-6.5 1.73 5.67

Volatiles in mg/kg
Acetlone 1/1 0.28 t00.28 0.28 TB-93/2.5-4 0.28 0.28 8000 0/1 0
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Sheet 2 of 2

Table 4-3 - Statistical Summary of Off-Property Soil Samples Less than 15 Feet in Depth
Relative to MTCA Method B Residential Screening Levels

Analyte Detection Range Maximum Sample D Mean 95% UCL Method B Exceedence Percent Magnitude of
Frequency Detect of Max. Detect 4)) Screening Ratio  Exceedence Exceedence
Level
Total Metals in mg/kg
Arsenic 1/11 2 10110 110 BP-4/0-15 19.02 67.53 1.67 11/11 100 65.87
Beryllium 171 05 1t00.5 0.5 TB-93/2.54 0.50 0.5 0.233 111 100 2,15
Cadmium 3/11 03Utol.1 1.1  BP3/0-4 0.42 1.1 80 0/11 0
Cadmium 3/11 03Uto1.1 1.1 BP-5/5-6.5 0.42 1.1 80  0/11 0
Chromium 11/11 19 to 57 57 BP-3/5-9 34.73 44.503 400 0/11 0
Copper 11/11 11 to 96 96 BP-5/5-6.5 39.36 69.883 2690 0/11 0
Lead 10/11 2.7 to 160 160 BP-5/5-6.,5 34.36 160 250 0/11 0
Nickel 11/11 25 t0 63 63 BP-3/5-9 41.82 50.74 1600 0/11 0
Zinc 11/11 28 10210 210 BP-3/0-4 78.45 1223 24000 0/11 0
TPH in mg/kg
Diesel 1/8 16Jt020U 16 J B7-S1 10.75 16
Qil 2/8 50Uto 92 92 B38-S2 39.63 92

(1) When the 95% UCL is greater than the maximum detect, the sample population is less than ten, or more than fifty percent of the samples are
nondetects, the maximum detected value is used.
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Table 4-4 - Statistical Summary of On-Property Soil Samples Relative to Soil Concentrations Protective of
Marine Surface Water Screening Levels

Sheet 1 of 2

Analyte Detection Range Maximum  Sample ID of Mean 95 % UCL Protection of Exceedence Percent Magnitude of
Frequency Detect Max. Detect (§)) Surface Water Ratio  Exceedence Exceedence
Scr. Level -
Conventionals
Percent Solids 12/12 37 10 87.2 87.2 HC-6/10-11.5  68.12 743
Total Cyanide 24 05Ut00.8 0.8 TB-79/17.5-19 0.48 0.8 5 0/4 0
Total Metals in mg/kg ;
Arsenic 16/16 34 to 1l 11 TB-92/2.5-4 6.48 7.68 0.5 16/16 100 22
Beryllium 16/16 03 102.2 22 TB-92/2.5-4 0.68 .869 0.1 16/16 100 22
Cadmium 416 05Uto2.3 23 HC-5/7.5-9 0.46 23 0.8 1/16 6.25 2.875
Chromium 16/16 11 to 62 62 HC-3/8 -9 31.38 42.17 5 16/16 100 12.4
Copper 16/16 16 to 77 77 HC-5/15-9 40.31 53.4 0.5 16/16 100 154
Lead 15/16 1.8 to 290 290 HC-5/75-9 55.31 290 0.58 15/15 100 500
Mercury 12/12 01 to 1.3 1.3 HC-2/15.8 - 16. 0.38 0.614 0.0025 12/12 100 520
Nickel 16/16 13 t0 72 72 HC-3/8 -9 36.81 51.1 20 12/16 75 36
HC-4/75-9
Selenium 2716 05Utol.5 1.5 TB-78 Comp 0.38 1.5 7.1 0/16 0
Silver 13/16 0.1 tol.2 1.2 TB-79/17.5-19 0.43 0.571 0.12 12/16 75 10
Zinc 16/16 39 to 1100 1100 HC-5/7.5-9 131.81 1100 1.7 16/16 100 142.86
EP Tox Metals in mg/L
Barium 18/18 0.1 to 0.5 0.5 Comp 1002 0.25 0.322
Comp 1005
Zinc 15/15 01 t00.8 0.8 G-8 S-1 0.31 0.462
Semivolatiles in mg/kg
2-Methylnaphthalene 13725 005U to 650 650 HC-1/17.5-19 4280 650
Accnaphthene 1528 0.05U 10530 530 HC-1/17.5-19 30.88 530 225 5/28 17.86 23.56
Acenaphthylene 12/28 005U 1059 59 HC-1/17.5-19 8.60 59
Anthracene. 17128 005U to 275 275 HC-1/17.5-19 22.23 275 2590 0/28 0
Benzo(a)anthracene 20/28 0.05U to 220 220 HC-1/17.5-19 17.61 220 0.66 16/28 57.14 333.33
Benzo(a)pyrene 19/28 0.05U to 220 -220 HC-1/17.5-19 14.48 220 0.66 14/26 53.85 333.33
Benzo(b)fluoranthene 7/15  005Uto45 45 TB-79/17.5-19 5.73 45 0.66 4/13 30.77 68.18
Benzo{(bk)flucranthene 10/13  0.05U to 250 250 HC-1/17.5-19  26.89 250 0.66 10/12 83.33 378.79
Benzo{g,h,i)perylene 14728 005U to 110 110 HC-1/17.5-19 6.16 110
Benzo(k)fluoranthene 6/15 005Uto29 29 TB-3/18-19.5 3.31 29 0.66 4/13 30.77 43,94
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) : Sheet 2 of 2
Table 4-4 - Statistical Summary of On-Property Soil Samples Relative to Soil Concentrations Protective of eere

Marine Surface Water Screening Levels

Analyte Detection Range Maximum  Sample ID of Mean 95 % UCL Protection of Exceedence Percent Magnitude of
Frequency Detect Max, Detect () Surface Water  Ratio  Exceedence Exceedence
Scr, Level
Bis(2-ethylhexyl)phthalate  4/25 005Uto20U . 11 H-4 0.55 11 0.66 2/18 11.11 16.67
Butylbenzylphthalate /13 005U1t04U 0.1 TB-92/2.54 0.26 0.1
Chrysene 17/25 0.05U10 175 175 HC-1/17.5-19 12.81 175 0.66 13/25 52 265.15
Di-n-butylphthalate 2/13 005Uto 10 10 TB-78/21.5-23 0.88 10 291 0/13 0
Di-n-octylphthalate 3/25 005Uto20U 1.3 H-4 0.80 1.3
Dibenzo(ah)anthracene 10/28 0.05Uto 24 24 HC-1/17.5-19 1.27 24 0.66 521 23.81 36.36
- Dibenzofuran 12/25 0.05Uto 120 120 HC-1/17.5-19 7.89 120 .
Fluoranthene 21/28 0.05 U to 560 560 HC-1/17.5-19  52.16 560 27 " 1428 50 20741
Fluorene . 17/28 0.05U to 384 384 TB-3/18-19.5 31.76 384 . 242 2/28 7.14 1.59
Indeno(1,2,3-cd)pyrene 14/28 005Uto 110 110 HC-1/17.5-19 6.21 110 0.66 9/22 40.91 166.67
Naphthalene 18/28 0.05 U to 1600 1600 HC-1/17.5-19 141.47 1600 - 988 . 228 7.14 1.62
Phenanthrene 20/28 0.05 U to 1030 1030 HC-1/175- 19 79.94 1030 '
Phenol 1715 0.05 U to 5000 0.5 TB-78 Comp 166.87 0.5 110000 0/15 0
Pyrene 20/28 0.05 U to 752 752 TB-3/18-19.5 55.79 752 7.7 3/28 1071 9.68
Total cPAHs 21/28 0.05U to 999 999 HC-1/175-19  68.29 999 '
Volatiles in mg/kg ) ‘ .
Acetone 34 003 1018 18 TB-79/17.5-19 4.55 18
Ethylbenzene 1/4 0.005Uto 18 18 TB-79/17.5-19 4,52 18 27.6 0/4 0
Methylene Chloride /4 0005Uto84 8.4 TB-79/17.5-19 2.12 8.4 160 0/4 0
Toluene /4  0005Uto5 5 TB-79/17.5-19 1.27 5 48.5 0/4 0
Xylene (total) : i/4  0.005U1030 30 TB-79/17.5-19 7.52 30
TPH in mg/kg
Diesel - 3/5 50U to 145000 145000 TB-22/12.5 30536 145000

(1) When the 95% UCL is greater than the maximum detect, the sample population is less than ten, or more than fifty percent of the samples are nondetects,
the maximum detected value is used.
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Table 4-5 - Statistical Summary of Off-Property Seil Samples Relative to Soil Concentrations Protective of
Marine Surface Water Screening Levels

Sheet 2 of 2

Analyte Detection Range Maximum  SampleID of Mean 95% UCL Protection of Exceedence Percent Magnitude of
Frequency Detect Max. Detect (1) Surface Water Ratio  Exceedence Exceedence
Scr. Level
Dimethylphthalate 112 005Uto65U 2.1 B-4/40 - 41.5 2,92 2.1 7200 0/12 0
Fluoranthene 13724 0.023 to 3400 3400 B-4/47.5-48. 142.53 3400 27 3/24 12.5 1259.26
Fluorene 11724 0.007 to 2800 2800 B-4/47.5-48. 117.20 2800 242 1124 4.17 11.57
Indeno(1,2,3-cd)pyrene 10724  0.05 U te 730 730 B-4/47.5 - 48, 30.88 730 0.66 6/24 25 1106.06
Naphthalene 1424 0.007 to 1500 15000 B-4/47.5-48. 62786 15000 988 1724 4.17 15.18
" Phenanthrene 16724  0.025 10 8400 8400 B-4/47.5-48. 351.49 8400

Pyrene 1324  0.016 to 2800 2800 B-4/47.5-48, 117.34 2800 7.7 1724 4.17 36.04
Total cPAHs 1524 0.046 to 7126 7126 B-4/47.5-48.  299.69 7126

Volatiles in mg/kg
Acetone 171 0.28 to0 0.28 0.28 TB-93/2.5-4 0.28 0.28

TPH in mg/kg
Diesel 1/8 16Jt020U 16 1 B7-81 10.75 16
Oil 2/8 50U to 92 92 B8-52 39.63 92

(1) When the 95% UCL is greater than the maximum detect, the sample population is less than ten, or more than fifty percent of the samples are nondetects,

the maximum detected value is used.

J Estimated value.
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Table 4-5 - Statistical Summary of Off-Property Soil Samples Relative to Soil Concentrations Protective of
Marine Surface Water Screening Levels

Sheet 1 of 2

4515\REQ-18.XLS

Analyte Detection Range Maximum  Sample ID of Mean 95 % UCL Protection of Exceedence Percent Magnitude of
Frequency Detect Max. Detect (1) Surface Water  Ratio  Exceedence Exceedence
Scr. Level
Conventionals
Percent Solids 12/12 55 to 8l 81 B-4/47.5 - 48. 72.70 77.03
Total Metals in mg/kg
Arsenic 23/23 2 to 110 110 BP-4/0 - 1.5 14.37 21.69 0.5 23/23 100 220
Beryllium 13/13 04 to 1.2 £.2 B-4/40 - 41.5 0.66 0.793 0.1 13/13 100 12
Cadmium 4/23 03Uwl.1 1.1 BP-3/0 - 4 0.36 1.1 0.8 3/23 13.04 1.375
BP-5/5-6.5
Chromium 23/23 9 1083 83 B-2/35-36.5 34.83 46.512 5 23/23 100 16.6
Copper 23723 11 1098 98 B-1/47.5 - 49 42.35 56.368 0.5 23/23 100 196
Lead 18/23 2Uto 340 340 B-2/47.5 - 49 42.35 229.341 0.58 18/18 100 586.21
Mercury 1/18 0.1 to 0.6 0.6 B-1/47.5 - 49 0.13 0.6 0.0025 11/11 100 240
Nickel 23/23 8 to %4 94 B-2/35-36.5 40.78 55.32 20 19/23 82.61 4.7
Silver 10/19 01UtolU 0.6 B-2/35-36.5 0.20 0.6 0.12 10/13 76.92 5
Zinc 23/23 17 10210 210 BP-3/0 - 4 73.48 96.742 7.7 23/23 100 27.27
Scmivolatiles in mg/kg
2,4-Dinifrotoluene 17112 005Uto65U 1.2 B-4/40 - 41.5 0.13 12 0.91 1/11 9.0 1.32
2-Methylnaphthalene 724 0021 to 4500 4500 B-4/47.5-48. 18774 4500
Acenaphthene 11724 0.008 to 4700 4700 B-4/47.5-48. 197.59 4700 22.5 2/24 8.33 208.89
Acenaphthylene 7724 0014 to 1200 1200 B-4/47.5 - 48, 50.09 1200
Anthracene 13124 0.019 102700 2700 B-4/47.5-48. 112.91 2700 2590 1724 417 1.04
Benzo(a)anthracene 1324 0.035 to 1600 1600 B-4/47.5 - 48. 67.12 1600 0.66 4/24 16.67 242424
Benzo(a)pyrene 1224 005U to 1700 1700 B-4/47.5 - 48, 71.43 1700 0.66 6/24 25 2575.76
Benzo(b)fluoranthene 3710 005Utol.2 1.2 BP-5/5-6.5 0.26 1.2 0.66 1/10 10 1.82
Benzo(bk)fluoranthene 714 0.05 U to 1400 1400 B-4/47.5-48. 100.76 1400 0.66 3/14 2143 2121.21
Benzo(g,h,i)perylene 9724 0.05Utodl0 410 B-4/47.5 - 48. 17.41 410
Benzo(k)fluoranthene 3100 0.05Uto 0.8 0.3 BP-5/5 - 6.5 0.21 0.8 0.66 1/10 10 1.2]
Bis(2-cthylhexyl)phthalate  5/18 0.05Ut0 65U 1.3 B-2/47.5 - 49 0.21 1.3 0.66 2/16 12,5 1.97 E
Chrysene 13724  0.036 to 1600 1600 B-4/47.5 - 48. 67.28 1600 0.66 7/24 29.17 242424 =
Di-n-octylphthalate 1/18 005Uto65U  0.052 TB-77/15 1.85 0.052 - C
Dibenzo(ah)anthracene 8/24  0.046 t0 96 96 B-4/47.5 - 48. 4.10 96 0.66 2124 8.33 145.45 b2
Dibenzofuran 4/18  0.05 U to 600 600 B-4/47.5 - 48. 33.59 600 E’J @
1 -
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5.0 SUMMARY OF GROUNDWATER CHARACTERIZATION

This section presents specific information on groundwater sampling and analysis,

including:

o 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:

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

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

o 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-property 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-
pr-operty 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 ;'ecent 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 Previous 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 necessafily 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.
. 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

5-5
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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 (acenaphthene and fluoranthene) in TB-78 and HC-3A. Note that
TB-78 is essentially an upgradient well, since it is located at the nortﬁeast 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 contamination.
| Volatile Organics. No detections were observed above screening levels.

o Total Petroleum Hydrocarbons. No total petroleum hydrocarbons analyses were

performed for previous on-property groundwater samples.

5.5.2 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.

5-6
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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.

o 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.

o 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,

5-7
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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 sampies are presented in Table D2 in Appendix D.

5.6.1 Previous Data

Upgradient of the property, several wells had exceedences of the screening levels. The
ncPAH concentrations exceeded thé 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 conventiohal 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 (upgfadient) 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

5-9



Hart Crowser
J-4515

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.

o 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.

5.6.3 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 transpert 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);

o 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 withinAa
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 Muitimedia 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 PAHs 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 (refer 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 DAF. 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 ug/L. Reducing this by 10,000 times produces
an estimated concentration at the King Street property of about 0.2 ug/L, which is below the
detection limit of 1 ug/L. By inference, the other PAHSs, 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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5.9 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 ncPAHs, 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 - Union Station Sample Information Table (Groundwater)

Hart Crowser

J-4515

4515\SMPL-GW.X1S

Depth Interval Total Diss EP Tox Pest/
Sample-1ID 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
HC-4A 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 5to25 9/16/85 X X X X
TB-80 15t0 25 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
ow2 2/21/86 X X X X
ow?2 3/20/86 X X X X
OW2A 2/21/86 X X X X
TB95 2/20/86 X X X X
TB95 3/20/86 X X




Table 5-2 - Screening Criteria Exceedences in

Previous On-Property Groundwater Samples

Hart Crowser

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 0.004
HC-3A 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 0.001 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-ethylhexyl)phthalate 0.012 0.0059
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Table S-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 5-4 - Statistical Summary of Previous On-Property Groundwater Quality Data Relative to Marine Water Quality Standards

Analyte Detection Range Maximum  Sample ID Mean 95% UCL Marine Exceedence Percent Magnitude of
Frequency Detect of Max. Detect (1)  Water Quality  Ratio  Exceedence Exceedence
Standard
Conventionals
Chloride in mg/L 222 18 to 28 28 PW4-2-86 23 28
Conductivity in pmhos/c 8/8 6510620 620 HC-1A 333.88 620
Sodium in mg/L 272~ 38 to53 53 PW4-2-86 45.5 53
Temperature in °C 6/6 38 to6.5 6.5 HC-1A 4.97 6.5
Total Cyanide in mg/L 3/8  0.005 to0.047 . 0.047 HC-1A 0,01 0.047 0.05 0/8 0
Total Hardness as CaCO3 22 250 10270 270 TB96-2-86 260 270
in mg/L
pH 6/6 63 1066 6.6 HC-1A 6.5 6.6
HC-2A
HC-6A
Dissolved Metals in mg/L '
Arsenic 4/6  0.005Uto 0.009 0.009 HC-2A 0.005 0.009 0.004 4/4 100 2.25
Cadmium 4/6 0,001 t00.003 0.003 HC-2A 0.002 0.003 0.008 0/6 0
Chromium 6/6  0.004 to0.005 0.005 HC-4A 0.0043 0.005 0.05 0/6 0
HC-5A
Copper 3/6  0.001 to0.002 0.002 HC-2A 0.0011 0.002 0.0029 /6 0
HC-3A )
Nickel 6/6  0.004 to0.01 0.01 HC-2A 0.0063 0.01 0.01 0/6 0
Silver 2/6  0.001 to0.001 0.001 HC-2A 0.0007 0.001 0.02 0/6 0
HC-5A
Zinc 6/6 0012 to0.063 0.063 HC-5A 0.030 0.063 0.0766 0/6 0
Semivolatiles in mg/L ‘
2-Methylnaphthalene 2/11  0.001Uto 0.6 0.6 TB-78/5-25 0.056 0.6
Acenaphthene 2/11  0.001 Uto 0.37 037 TB-78/5-25 0.040 0.37 0.225 1/11 9.09 1.64
Acenaphthylene 2/11  0.001U100.13 0.13 TB-78/5-25 0.015 0.13
Anthracene 2/11  0.001 Uto 0.24 0.24 TB-78/5-25 0.026 024 259 0/11 0
Benzo{a)anthracene 2/11 0,001 Uto0.14 0.14 TB-78/5-25 0.015 0.14 0.0001 2/2 100 1400
Benzo(a)pyrene 3/11  0.001 t00.17 0.17 TB-78/5-25 0.019 0.17 0.0002 373 100 850
Benzo(bk)fluoranthene 2/6 0.001 to0.026 0.026 HC-3A 0.005 0.026
Benzo(g,h,i)perylene 1711 0.001 U to 0.012 0012 - HC3A 0.002 0.012

SIEHI
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Table 5-4 - Statistical Summary of Previous On-Property Groundwater Quality Data Relative to Marine Water Quality Standards

Analyte Detection Range Maximum  Sample ID Mean 95% UCL Marine Exceedence Percent Magnitude of
Frequency Detect of Max. Detect (1) WaterQuality Ratio Exceedence Exceedence
Standard
Benzo(k)fluoranthene 175 0.001Uto0.12 0.12. TB-78/5-25 0.024 0.12 0.0002 1/1 100 600
Bis(2-ethylhexyl)phthalat ~ 2/11  0.001 10 0.029U  0.012 TB96-2-86 0.002 0.012 0.0059 1/9 11.11 2.03
Chrysene 2/11  0.001Ut00.16 0.16 TB-78/5-25 0.017 0.16 0.0001 2/2 100 1600
Dibenzo(ah)anthracene 1/11 0001 to0.01U 0.001 HC-3A 0.000 0.001 0.0002 1/1 100 5
Dibenzofuran 1/10  0.001 Uto0.12 0.12 TB-78/5-25 0.013 0.12 _ :
Fluoranthene 2/11 ° 0.001 Uto 0.31 031 TB-78/5-25 0.034 0.31 0.0271 2/11 18.18 . 11.44
Fluorene 211 0001Uto0.2 0.2 TB-78/5-25 0.022 0.2 2422 0/11 0 )
Indeno(1,2,3-cd)pyrene 3/11  0.001 t0 0.013 0.013 HC-3A 0.001 0.013 0.0002 33 100 65
Naphthalene 3/11  0.001Uto02.3 23 TB-78/5-25 0.212 23 9.8 0/11 0
Phenanthrene 2/11 0001 Uto 0.6 0.6 TB-78/5-25 0.064 0.6
Phenol 2/2  0.016 to 0.029 0.029 TB-80/15-25 0.023  0.029 1100 012 0
Pyrene 2/11  0.001U100.27 0.27 TB-78/5-25 0.030 0.27 0.777 0/11 ' 0
Total cPAHs 2/11  0.001 Uto0.59 0.59 TB-78/5-25 0.066 0.59
Volatiles in mg/L
Acectone 79  0.001 Uto0.016 0.012 HC-6A 0.008  0.012
Total Organic Halogens 1/1 0.02 t00.02 0.02 PW4-2-86 002  0.02

(1) When the 95% UCL is greater than the maximum detect, the sample population is less than ten, or more than fifty percent of the samples are
nondetects, the maximum detected value is used.

I
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Table 5-5 - Statistical Summary of May 1996 On-Property Groundwater Quality Data
Relative to Marine Water Quality Standards

Analyte Detection Range Maximum  Sample ID Mean 95%UCL  Marine  Exceedence Percent Magnitude of
Frequency Detect of Max. Detect )] Water Quality  Ratio  Exceedence Exceedence
Standard
Conventionals in mg/L
Total Dissolved Solids 33 430 to 960 960 HC-101 633.33 960
Total Suspended Solids 33 9 to 35 35 HC-101 2433 35
Dissolved Metals in mg/L
Arsenic 173 0.004Ut00.0091 0.0091 HC-101 0.004 0.0091 0.004 1/3 33.33 2.28
Nickel 173 00058 t00.01U 00058 HC-103 0.005 0.0058 0.01 0/3 0
Semivolatiles in mg/L . ’
Acenaphthene 3/3 00012 to0.06 0.06 HC-101 0,023 0.06 0.225 0/3 0
Acenaphthylene 2/3  00001Ut00.016 0.016 HC-101 0.005 0.016
Anthracene 3/3 00002 t00.0028 0.0028 HC-101 0.001 0.0028 25.9 0/3 0
Fluoranthene 3/3  0.00018 t00.0026 0.0026 HC-101 0.001 0.0026 0.0271 073 0
Fluorene 3/3 000037 t00.02 0.02 HC-101 0.007 0.02 2422 0/3 0
Naphthalene 3/3  0.00022 to00.53 0.53 HC-101 0.177 0.53 9.8 0/3 0
Phenanthrene 3/3 000087 to0.024 0.024 HC-101 0.009 0.024
Pyrene 3/3 000019 to0.0023 0.0023 HC-101 0.001 0.0023 0.777 0/3 0
Volatiles (EPA 8260) in mg/L
1,2,4-Trimethylbenzene 173 0.001Uto0.018 0.018 HC-101 0.006 - 0.018
1,2,5-Trimethylbenzene 13  0001Ute0.0074 0.0074 HC-101 0,003  0.0074
Benzene 173 0.001Uto0.037 0.037 HC-101 0.013 0.037 0.071 0/3 0
Isopropylbenzene 1/3 0.001 Uto 0.0065 0.0065 HC-101 0.003  0.0065
Naphthalene 173 0001Uto1l 1 HC-101 0.334 1
P-Isopropyltoluene 1/3 0.001 Uto 0.0056 0.0056 HC-101 0.002 0.0056
m & p-Xylene 1/3 0.001 U to 0.044 0.044 HC-101 0.015 0.044
o-Xylene 113 0.001 U to 0.025 0.025 HC-101 0.009 0.025
BTEX (EPA 8020) in mg/L '
Benzene 1/3 0.0005 U 10 0.004 0.0043 HC-101 0.002 0.0043
Ethylbenzene 1/3 0.0005 Ut00.077  0.077 HC-101 0.026 0.077
Toluene 173 0.0005 U t0 0.007 0.0077 HC-101 0.003  0.0077
Xylene (total) 1/3 0.001 U to 0.064 0.064 HC-101 0.022 0.064
TPH in mg/L
Diesel 173 025Uto 25 2.5  HC-101 0.917 2.5
"Gasoline 2/3  005Uto3.6 3.6 HC-101 1.233 3.6
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Table 5-6 - Screening Criteria Exceedences in Previous

Off-Property Groundwater Samples

Sample ID Sampling Analyte Result Screening
. Date in mg/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-ethylhexyl)phthalate 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 0.05
B-4 2/19/86 Nickel, Dissolved 0.013 0.01
B-4 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
B-4 2/19/86 Chrysene 0.097 0.0001
B4 2/19/86 Fluoranthene 0.24 0.0271
B-4 2/19/86 Indeno(1,2,3-cd)pyrene 0.054 0.0002
B-4 2/19/86 Benzene 0.4 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
Oow2A 2/21/86 Naphthalene 12.2 9.8
OW2A 2/21/86 Benzene 6.4 J 0.071
OW2A 2/21/86 Ethylbenzene 717 0.276
OowW2A 2/21/86 Toluene 63 J 0.485
TB95 * 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

Hart Crowser

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

HC-B4 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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Table 5-8 - Statistical Summary of Previous Off-Property Groundwater Quality
Data Relative to Marine Water Quality Standards

Sheet 1 of 2

Anaiyte Detection Range Maximum Sample ID Mean 95% UCL Marine Exceedence Percent Magnitude of
Frequency Detect of Max. Detect (4] Water Quality  Ratio  Exceedence Exceedence
Standard '
Conventionals
Chloride in mg/L, 4/4 1t022 22 TB95-2-86 8.25 22
Conductivity in pmhos/cm 9/9 160 to 6200 6200 B-2 1348 6200
Sodium in mg/L 4/4 251075 75  OW2A-2-86 445 75
Temperature in °C 5/5 84 to10.8 108 B-1 9.54 10.8
Total Cyanide in mg/L I/6  0.005 Uto 0.081 0.081 B4 0.016 0.081 0.05 1/6 16.67 1.62
Total Hardness as CaCO3 4/4 54 to 340 340 OW2A-2-86 163.5 340 '
in mg/L
pH 5/5 6.7 t07.6 7.6 B4 7.24 7.6
Dissolved Metals in mg/L
Antimony I/5  0.005 U to 0.02 0.02 B-2 0.006 0.02 43 0/5 0
Arsenic 2/5  0.005 to0.11 0.11 B-6 0.023 0.11 0.004 22 100 27.5
Cadmium 5/5 0003 to 0.005 0,005 B-2 0.004 0.005 0.008 0/5 0
Chromium 5/5  0.003 to0.005 0.005 B-3 0.004 0.005 0.05 0/5 0
' B4
Copper ) 2/5  0.001 Uto 0.004 0.004 B-2 0.002 0.004 0,0029 2/5 40 1.38
“Nickel 5/5 0013 t00.02 002 B2 . 0.016 0.02 0.01 515 100 2
Silver 5/5 0002 to0.003 0.003 B-1 0.002 0.003 0.02 0/5 0
Silver 5/5 0002 to0.003 0.603 B ~0.002 0.003 0.02 0/5 0
Zinc 5/5 0012 10 0.03 003 B2 0.019 0.03 0.0766 0/5 0
Semivolatiles in mg/L
2-Methylnaphthalene 2/14 0001 Uto 1.63 163 B4 0.190 1.63
Acenaphthene 2/14  0.001 U to 0.69 069 B4 0.079 0.69 0.225 2/14 14.29 3.07
Acenaphthylene 1/14 0001 Uto 0.94 094 B4 0.069 0.94
Anthracene 2/14  0.001 Uto 0.22 022 B4 0.020 0.22 259 0/14 0
Benzo(a)anthracene 1/14  0.001Uto0.11 0.11 B4 0.008 0.11 0.0001 171 100 1100
Benzo(a)pyrene 1714  0.001 Uto0.16 0.16 B4 0.011 0.16 0.0002 1/1 100 800
Benzo(bk)fluoranthene 1/5 0001 Uto0.12 0.12 B4 0.025 0.12
Benzo(g,h,i)perylene 1/14  0.001 U to 0.053 0.053 B4 0.006 0.053
Benzoic Acid /4  0001Jt00.05U 0.001 J B-3A 0.019 0.001

CIShI
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Table 5-8 - Statistical Summary of Previous Off-Property Groundwater Quality
Data Relative to Marine Water Quality Standards

Analyte Detection Range Maximum Sample ID Mean 95% UCL Marine Exceedence Percent Magnitude of
Frequency Detect of Max. Detect ()] Water Quality Ratio  Exceedence Exceedence
Standard
Bis(2-cthylhexyl)phthalate  4/14  0.001 Uto0.027 U 0.02 B-1-1-22-93 0.003 0.02 0.0059 2/10 20 3.39
Chrysene 1/14  0.00I Ut00.097 0.097 B4 0.007 0.097 0.0001 1/1 100 970
Dibenzofuran 1/14  0.001 Uto 0.078 0.078 B4 0.008 0.078
Fluoranthene 1/14  0.001 Uto0.24 024 B4 0.019 0.24 0.0271 1/14 7.14 8.86
Fluorene 2114 0001 Uto 0.3 03 B4 0.028 0.3 2.422 0/14 0
Indeno(1,2,3-cd)pyrene 1714 0.001 Uto 0.054 0.054 B4 0.004 0.054 0.0002 1/1 100 270
Naphthalene 2/14  0.001Uto12.2 122 OW2A-2-86 1.487 12.2 9.8 1/14 7.14 1.24
Phenanthrene 2/14  0.001 U to 0.64 064 B4 0.054 0.64
Pyrene 1714 0.001 Uto 0.24 0.24 B4 0.019 0.24 0.777 0/14 0
Total cPAHs 1/14 0001 Uto0.541 0.541 B+4 0.041 0.541
Volatiles in mg/L
Acetone 6/10  0.001 Uto 0.076 0076 B-2 0.017 0.076
Benzene 2/14 0001 Uto6.4) 6.4 ] OW2A-2-86 0.486 6.4 0.071 2/14 14.29 90.14
Chloroform 1710 0.001 to 0.001 0.001 B4 0.0006 0.001
Ethylbenzene " 214 0001Uto7] 7 J OW2A-2-86 0510 7 0.276 1/14 7.14 25.36
Methylene Chloride /10 0001Ut00.019U 0.006 B-6 0.003 0.006
Toluene 2/14  0001Ute6.3] 6.3 J OW2A-2-86 0.461 6.3 0.485 1/14 7.14 12.99
o-Xylene 2/10 0001U1034]J 3.4 J OW2A-2-86 0.356 34

(1) When the 95% UCL is greater than the maximum detect, the sample population is less than ten, or more than fifty percent of the samples are
nondetects, the maximum detected value is used.
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Table 5-9 - Statistical Summary of May 1996 Off-Property Groundwater Quality Data
Relative to Marine Water Quality Standards

Analyte Detection Range Maximum  Sample ID Mean 95%UC Marine  Exceedence Percent Magnitude of
Frequency Detect of Max, (1) Water Quality Ratio  Exceedence Exceedence
Detect Standard
Conventionals in mg/L _
Total Dissolved Solids 2/2 840 1o 940 940 HC-B-4 890 940
Total Suspended Solids  2/2 21 to 24 24 HC-B-4 22.5 24
Dissolved Metals in mg/L ’
Arsenic 212 0.0099 t00.013 0.013 HC-B-6 0.01145 0.013 0.004 272 100 3.25
Zinc 212 0.021 to 0.022 0.022 HC-B-4 0.0215 0.022 0.0766 0/2 0
Semivolatiles in mg/L
Acenaphthene 172 0.0001 U 10 0.0002 0.00027 HC-B4 0.00016 0.00027 0.225 0/2 0
Fluoranthene 172 0.0001 U t0 0.0001 0.00013 HC-B-4 0.00009 0.00013 0.0271 072 0
Fluorene 172 0.0001 U 1o 0.0001 0.00016 HC-B-4 0.000105 0.00016 2.422 012 (]
Phenanthrene 1/2 0.0001 U t0 0.0004  0.0004 HC-B-4 0.000225 0.0004
Pyrene 12 0.0001 U to 0.0001 0.00014 HC-B-4 0.000095 0.00014 0.777 0/2 0

(1) When the 95% UCL is greater than the maximum detect, the sample population is less than ten, or more than fifty percent of the samples are
nondetects, the maximum detected value is used.
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6.0 EXPOSURE PATHWAY INTERPRETATION FOR CURRENT PROPERTY USE

This section briefly summarizes our conceptual property model assumptions associated.

with potential human health and environmental exposure pathways for current property use. It
also provides an interpretation of the potential for contact via the identified exposure pathways
from residual constituents at the property for current property use. Exposure pathway

interpretation for future property use is addressed in the FS.

The potential for risk from residual constitvents remaining at the property from historical
activities requires a complete exposure pathway. Complete exposure includes a source

(contaminated media), a migration pathway, a point of contact, and a receptor population.

6.1 Survey Evaluation of Property Media and Current Property Use

Media Present at the Property. The only media present at the property are soil and
groundwater, no surface water or sediments are present. Groundwater at the property is not

currently used and will not be used in the future as a drinking water source (refer to Section 5).

Because no significant concentrations of volatile constituents were detected in either
property soil or groundwater, the potential for inhalation of volatiles via the air pathway is not
considered further. In addition, because much of the property is covered by structures already
(approximately 65 percent of the property area), contaminants were generally not identified in
near-surface soils (the upper 1 to 2 feet), and no one resides or works at the property, inhalation

of dust generated from property surface soils was not considered further.
Other pathways considered for exposure are evaluated below based on current land use.

Current Property Use. Currently, the property is vacant, not used, and fenced to

prevent trespasser use. The exception is the occasional use of the Union Station building and
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the use of the METRO bus tunnel. Although the METRO bus tunnel may be used by certain
individuals on a daily basts for a short duration, there are no populations that reside or work at
the property. In addition, persons using those structures do not contact soil or groundwater
media at the property because the structures create substantial barriers to any potential media

contact.

Potential for Leaching. Infiltration to subsurface soils is limited by the additional
relatively impermeable surfaces covering the property. However, because some infiltration may
still occur, leaching of residual constituents in property soils to groundwater remains a potential

transport pathway.
6.2 Conceptual Model Development and Assumptions

The conceptual model we have developed for current properfy use describes the potential

for complete exposure pathways to occur.

Conceptual Model and Chemical Sources. Based on our review of the existing
property data for soil and groundwater, and the historical information from the property, a
generalized property conceptual model was developed for current property use as shown on
Figure 6-1. The conceptual model identifies the principal historical sources of constituents at
the property, the coal gasification plant and associated PAHs to the north, and Vulcan Iron
Works and associated metals to the south. This historical information was substantiated by the

soil and groundwater analytical results described above in Sections 4 and 5.

Because of the depth of fill material placed over the former historical sources, residual
constituents are present at depths ranging from 20 to 50 feet below ground surface. The
principle chemical source at the property is associated with coal tar residues, whose toxic
fraction is best represented by PAHs. Since groundwater is present close to the ground surface,

any residuals present in the soils at depth are likely to be in contact with groundwater. The
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observed concentrations of PAHs in soil, in concert with our knowledge of leachability from
other coal gasification/coal tar properties, indicate that the lighter, more mobile fractions of coal

tar residues, especially the ncPAHs such as naphthalene, are subject to leaching and subsequent

transport.

Approximation of Equilibrium Conditions. Because the historical operations at the
property both discontinued operation 89 years or more ago, we are assuming that although coal
tar residuals énd iron works residuals may be present at depth, the system (at the interface of
the former tidal surface and the fill material) has weathered and not has been disturbed and has
thus achieved an approximate chemical equilibrium between soil and groundwater. Thus, the
more mobile constituents that may be associated with coal gasification plants (e.g., naphthalene)

are likely to have volatilized, mobilized off the property, and/or are attenuated.

Thus, the primary transport pathway identified at the property in those areas not currently
covered by impermeable surfaces, is the potential for constituents at depth in saturated soil zones
to leach to groundwater. Section 5 discusses why shallow groundwater (fill aﬂd tidelands aquifer
zones) at the property is not currently used as drinking water and will not be used in the
foreseeable future. However, the potential for constituents in groundwater to be transported off
property to eventually vreach Elliott Bay and its associated marine biota was conSidered as

indicated by the modeling described in Section 5.

Potentially Complete Exposure Pathways. Only one potentially complete exposure

pathways was identified:

. Impact to downgradient receptors from groundwater may occur as a result of

the potential for constituents in property soil to leach to groundwater.
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6.3 Summary of Findings

Direct Contact with Soils. The only constituents 'identiﬁed above direct contact
screening levels were metals and cPAHs in on-property soil samples at depths between 0 and
12.5 feet below ground surface. However, since the property is currently vacant and not used, -

there is no potential for direct contact with soils.

‘Impact to Groundwater and Downgradient Receptor. The best indicator of this
potential are the actual downgradient groundwater monitoring results, given the approximate
equilibrium conditions of the property. Soils in the property area do not appear to be
significantly impacting shallow groundwater qﬁality. Although a number of PAH and metal soil
concentrations are above the conservative screening levels, these constituents were encountered
in area groundwater during the May 1996 sampling event at concentrations below the criteria
protective of Elliott Bay, with the exception of arsenic, which is present at concentrations similar
to background. These results are consistent with EP Tox data for the property, which indicate

potential metal leachability to be limited.

In addition, groundwater modeling indicates that substantial concentration reductions
occur within short cgistances, as a result of dilution and dispersion (not accounting for attenuation

caused by biological degradation or by sorption to soil particles).

Together, the modeling results, along with the recent groundwater sample analytical

results, indicate that groundwater on the property poses negligible risk to Elliott Bay.
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7.0 REMEDIAL INVESTIGATION SUMMARY
7.1 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 plémt in the northern portion of the Main Parcel; and
. 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 summarized below.
7.2 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 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
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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 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 PAHs and that these should be the focus of this RI.

TPH/Oiis. 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 PAHs better
characterizes coal tars as indicted by the composition delineated in Section 2.
PAHs also better represent the potential for risk from exposure (carcinogenic
PAHs) 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.

7-2



Hart Crowser
J-4515

o 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.
7.2 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 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. 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 was relatively few years
of contribution of residuals within the new surficial fill soils. Fill material eventually covered

nearly the entire property to depths of as much as 25 feet.
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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.
7.3 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, 1987c, 1993, and the
1994) and Shannon & Wilson (1986a and 1986b). Samples from various explorations including
soil borings, surface soil samples, and groundwater monitoring wells were collected and

analyzed 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
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semivolatiles organics, pesticides/herbicides, total petroleum hydrocarbons, volatile organics,

total metals, total cyanide, and EP Tox metals (Table 4-1).
7.4 Summary of Soil Quality

Eighty-two soil samples were collected on and off the property. The analytical results
from soils between O 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, it was 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, PAHs, 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 PAHs and metals above the
screening levels were encountered in soils collected on and immediately adjacent to the property.
With the exception of arsenic and beryllium (which had maximum concentrations generﬁlly
within 4 feet of ground surface), the maximum exceedences of the direct contact screening levels

for metals and PAHs occurred between 8 and 13 feet below ground surface.

Metals exceedences were within 10 times the screening level and confined to within the
upper 20 feet of soil. The metals exceedences 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.
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Substantially higher concentrations and magnitude of exceedence were encountered for
PAHs ranging from depths of 18 to 50 feet below ground surface. The observed elevated PAHs
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 PAHs in apparent Jackson Street regrade fill material that may have contained gas

plant residuals in the southwestern portion of the Main Parce].

Potential Impact to Groundwater. Soils in the property area also 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.
| 7.5 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 since they meet current practical

quantitation limits and sample collection methods minimized turbidity.
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7.6 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 will not be used as a drinking water source into the
foreseeable 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
upgradiént wells had exceedences of the groundwater -screening levels. These exceedences
included arsenic, copper, nickel, zinc, PAHs, benzene, bis(2-ethylhexyl)phthalate, and cyanide.
Benzene exceedences were present beneath South Jackson Street north of the Main Parcel. On-
property groundwater sampling also showed exceedences of arsenic, PAHs, TPH, and bis(2-

ethylhexyl)phthalate.

May 1996 Groundwater. The May 1996 groundwater sampling data had a single
relatively small exceedence of the screening level for arsenic, in the downgradient well HC-101.
Arsenic exceedences of similar concentrations were also observed in upgradient wells B-4 and
B-6. Notably, no PAHs were detected in any of the five wells sampled during this round,
indicating a high likelihood that previous sample results were biased high from high turbidity.

No other exceedences were observed in either upgradient or downgradient wells,

Groundwater Modeling. Although there were no PAH exceedences observed in the
downgradient May 1996 groundwater sampling event, we conducted groundwater modeling using
the highest concentrations from the previous data to provide additional support for these results.
The modeling indicates that substantial concentration reductions of PAHs occur within short

distances (well before groundwater discharges to Elliott Bay), as a result of dilution and
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dispersion (not accounting for attenuation caused by biological degradation or by sorption to soil

particles).

Together, the modeling results, 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.
7.7 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 defermine whether there is the potential for exposure to elevated
constituents in property media. Because there is no current population using the property, and
access to the property is restricted by chain-link with barbwire 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 cPAHs in on-property soil samples at depths between 1.5 and
12 feet below 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.
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The potential for dust generation associated with soils excavated from depth during
construction should be addressed with construction contingency plans and limited to the extent

possible.

Impact to Groundwater and Downgradient 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 approximately 100 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 are 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. These results are consistent wi;h EP Tox data for

the property which indicate potential metal leachability to be limited.

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.
7.8 Conclusions

Based on the RI data, the affected-property media identified are limited to PAHs 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 PAHs and metals above screening levels
are found in subsurface soils, and were detected in property groundwaters, the only current
exposure pathway identified (groundwater transport to Elliott Bay) is not apparently impacted.

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—propérty 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 limited concern; and

4 There is only one complete exposure pathway 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).
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9.0 INTRODUCTION

This report presents the results of a feasibility study (FS) of cleanup action alternatives for
remediating historic contamination at three Union Station property parcels located in Seattle,
Washington. Conducted in accordance with the State of Washington Model Toxics Control Act
Regulations [MTCA; chapter 173-340, Washington Administrative Code (WAC)] and Washington
State Department of Ecology (Ecology) interim policy 520A, this FS was prepared to support
Nitze-Stagen's proposed purchase of the three parcels from Union Pacific Railroad as part of a
detailed application for a prospective purchaser agreement with the State of Washington.
MTCA's prospective purchaser process requires that both a remedial investigation (RI) and a FS
accompany the detailed application for Ecology review. In addition, a draft cleanup action plan
based on RI/FS findings that presents property-specific cleanup actions and standards must be

provided to Ecology for finalization.

9.1  Purpose and Objectives

The purpose of the FS is to develop the technical and regulatory information needed to
support the selection of a cleanup action under MTCA. This report is also intended to present
cleanup levels, regulatory information, evaluations, and recommendations to facilitate review by
both Ecology and the public and to support Ecology in preparing the final cléanup action plan for
the property.

The objectives of the FS process include:

» Identifying exposure risk information
* Defining cleanup standards and remedial action objectives (RAOs)

* Identifying and screening potential cleanup response actions, technologies, and process
options to address property-specific conditions

» Developing and evaluating potential cleanup action alternatives based on criteria
prescribed in MTCA

+ Identifying a preferred cleanup action that adequately protects human health and the
environment from the risks posed by constituents of concern at the property.
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9.2  Background

The property is located on the southern edge of the downtown area and adjoins the western
portion of the international district. The property consists of three parcels (north, central, and
south) and is approximately 7.5 acres in size. Nitze-Stage proposes to provide a commercial
office development on the three parcels that will serve as a bridge between the downtown district
and the International District. Rehabilitation of the historic Union Station building is included in
the proposed development project. Property boundaries of the three parcels are identified on
Figure 9-1; the likely footprints of the proposed buildings are shown on Figure 9-2.

Existing structures on the property (Figure 9-1) include the Union Station building, the
METRO transit tunnel south portal, and International District Station. Structures adjacent to and
above the property include the South Jackson Street, 4th Avenue South, and South Airport Way
viaducts. The METRO tunnel is beneath the northern parcel.‘

In conjunction with its proposal to develop the property, Nitze-Stagen is applying for a
prospective purchaser agreement to remediate the property and to resolve liability for known and
documented contamination conditions caused by prior activities at the property. As a part of the
prospective purchaser application, Nitze-Stagen has committed resources to accomplish the RI/FS
for the property, develop a cleanup action approach acceptable to Ecology, and finalize a consent
decree that sets forth the understanding for the property. After completion of the consent decree,
Nitze-Stagen will implement the remedial approach for the property.

9.3  Previous Ecology and EPA Evaluations of the Property

Ecology and EPA prepared evaluations of the property conditions (Appendix J). The
information and conclusions in these reports are consistent with the findings, conclusions and
recommendations in the RI/FS and are summarized below.

In 1989, Ecology prepared a preliminary assessment report for Union Station (SAIC
1989). The report summarized historic conditions and findings associated with METRO
geotechnical explorations and Union Pacific environmental investigations of the property and
identified metals and organic contaminants associated with historic industries on the property.

The report concludes that "unless a link can be found between groundwater contamination at this
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property and seepage to Elliott Bay, no receptors of concern are present [for groundwater]. The
priority assessment assigned by the report is 'No Further Remedial Action Planned’."

EPA Region X authorized a property inspection of the METRO/Union Station property
(Roy F. Weston 1994). The report summarizes historic conditions, waste characteristics,
pathways, and other information similar to the earlier Ecology assessment. The report concludes:

No further actions under the CERCLA program are recommended because the
potential threat to human health and the environmental [sic] from the
METRO/Union Station site are minimal. However, should further development
of the . . . site occur, additional actions are recommended under the authority of
another agency. These actions may include soil and groundwater sampling,
removal of contaminated soil, and/or recapping of the contaminated soil to ensure
limited exposure to the existing contamination (Roy F. Weston 1994),

9.4  Soil Removal During METRO Construction

Geotechnical explorations in conjunction with the downtown Seattle transit project
identified some areas of oily soil near the location of the south tunnel portal (located on the north
parcel). Testing indicated that hydrocarbon contamination was present in the soils. These
conditions are summarized in the EPA inspection report for the property (Roy F. Weston 1994).
According to the Weston report, less than 80 yd® of contaminated soil was removed in conjunction
with construction near the south portal. METRO obtained permission from King County Health
District to dispose of up to 80 yd® of soil as contaminated construction debris at the Cedar Hills
landfill. Recollections of project personnel indicate that no contaminated soil was encountered
or removed during Union Pacific's construction of the parking lid to the south of the International

District Station.

9.5  Remedial Investigation Findings

The RI portion of this document summarized historic activities, environmental conditions,
and environmental data collected since 1985 (including recent groundwater monitoring
information) and identified likely pathways and receptors. The findings of the RI that were
considered when developing property cleanup action alternatives include:

* Industries operated at the property from the late 1870's until about 1910. Coal tar
residues from the coal gasification plant resulted in hydrocarbon and metal
contamination in property soils in the northern portion of the Main Parcel of the
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property. Foundry activities contributed to metals in property soils. From the late
1890's through 1910 prior to commencement of railroad activities, approximately 20
to 25 ft of fill soil was placed on the tide flats to raise the surface elevation from the
former tide flats level to the existing track-level grade.

 The fill soil is underlain by the former tide flat silt, an aquitard that inhibits downward
flow of shallow groundwater. Shallow groundwater zone flow is generally from the
east to the west-northwest, eventually discharging to surface water along the shore of
Elliott Bay. An upward gradient exists from lower confined groundwater zones to the
shallow groundwater zone restricting downward flow of groundwater or contaminants.

-

» Property groundwater is not a potential (or practical) source of potable water.

* Soil contamination is in fill soil and fill and contamination generally extend to about
25 ft below ground surface (BGS). Constituents of concern detected in affected soil are
metals and hydrocarbons including carcinogenic polycyclic aromatic hydrocarbons
(cPAH).

» Few constituents were detected in recent groundwater samples. The only constituent
that exceeded groundwater cleanup screening levels at the property was also detected
(and at higher concentrations) at upgradient properties.

» Because of the low mobility and solubility of the constituents of concern, constituents
are not likely to migrate at concentrations that exceed cleanup levels in groundwater.

« The likely exposure pathways to receptors include direct contact with contaminated
soils during intrusive activities and transport of contamination in groundwater
discharging to the aquatic environment in Elliott Bay.

The data and findings from the RI portion of this document are applied in thé ES.

9.6 ORGANIZATION
The results of the.FS are presented in the following sections:

* Section 10.0 - Cleanup Standards and RAOs. This section identifies cleanup
standards for the property (including a cleanup level and point of compliance summary)
and remedial action objectives for the property.

 Section 11.0 - Identification and Evaluation of Cleanup Alternatives. This section
identifies and screens general response actions, cleanup technologies, and process
options and develops a list of retained cleanup process options, which serve as the basis
for developing property cleanup action alternatives. This section also describes the
cleanup action alternatives developed for the property and presents an evaluation and
comparison of each alternative in accordance with MTCA evaluation criteria.
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* Section 12.0 - Recommended Cleanup Action. This section identifies the
recommended cleanup action alternative and presents a summary of information to
support preparation of a cleanup action plan.

» Section 13.0 - References. This section lists supporting references.

Appendix I presents exposure risk information. Appendix J presents U.S. Environmental
Protection Agency (EPA) and Ecology reports for the property. Appendix K presents cost
estimates for cleanup action alternatives. Appendix L presents a PAH biodegradation literature

review.
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10.0 CLEANUP STANDARDS AND REMEDIAL ACTION OBJECTIVES

This section presents the selection of cleanup standards for identified constituents of
concern and RAOs to be achieved by the cleanup action alternatives for the property, in
conformance with MTCA regulation WAC 173-340-700(2). The development of cleanup
standards includes identifying regulatory requirements that apply to the cleanup action as specified
in applicable state and federal laws, identifying potential exposure pathways and receptors,
identifying the concentrations of constituents of concern at the property that would exceed cleanup
thresholds if left unremediated (cleanup levels), and locating where those cleanup levels are to be
attained (points of compliance). Cleanup standards are identified for the hazardous substances of
concern at the property and for the specific media throﬁgh which humans and the environment
may be exposed to these substances.

RAOs are developed for complete pathways as identified in the RI portion of this document
and evaluated in Appendix I. The RAOs are statements of cleanup objectives for the property,
which incorporate the cleanup levels, points of compliance, and additional regulatory requirements
applicable to the cleanup action. The cleanup actions in subsequent sections are developed to meet
the RAOs.

10.1 Identification of Applicable Regulations

Cleanup standards developed under MTCA must meet the statutory requirement to be at
least as stringent as all applicable state and federal laws. This section identifies and evaluates
other chemical- and media-specific laws and regulations applicable to the development of cleanup
standards. Technical and procedural requirements that may affect the performance of cleanup
actions (action-specific requirements) will be considered later as part of the evaluation of remedial
alternatives in the FS.

The laws and implementing regulations that may be applicable to establishing cleanup
standards at this property are identified and evaluated in Table 10-1. The applicable laws and
regulations in addition to MTCA that are considered in the development of cleanup standards
include the federal Comprehensive Environmental Response, Compensation and Liability Act

(CERCLA) and the associated National Oil and Hazardous Substances Pollution Contingency Plan
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(NCP); the federal Clean Water Act.and associated ambient water quality criteria; and the state
Water Pollution Control Act and associated surface water quality standards and the National
Historic Preservation Act.

The Union Station building is a national historic landmark on the National Register of
Historic Places; its date of listing is August 30, 1974. The National Historic Preservation Act (16
USC 470) identifies criteria for eligibility of a property for the National Register of Historic
Places and responsibilities for preserving designated properties. The Union Station building is
also located within 2 historic districts; the international special review district and the Pioneer
Square preservation district. Accordingly, cleanup actions that risk damage to the structure will

not be considered.

10.2 Identification of Potential Exposure Pathways and Receptors

The RI portion of this document identified complete exposure pathways (Section 6.0).
This section summarizes pathway information to support development of cleanup levels and
RAOs. The property is located on the south edge of the downtown business district and
historically has been used for commercial and industrial purposes. Approximately 40 percent of
the property is paved or covered by buildings. Contaminants are in shallow fill soil to depths of
up to 22 to 25 ft BGS. Some soil is exposed in the northern parcel and in the Main Parcel south
of Union Station and west of the METRO bus facilities. The Main Parcel of the property is
fenced to restrict access.

The current land use adjacent to and surrounding the property to the north, east, and south
is residential and commercial and includes hotels, retail stores, restaurants, and other commercial
businesses. The Burlington Northern Santa Fe Railroad freight lines lie just west of the property.
Because the current zoning is international district mixed, which allows for residential
development, there are occupied apartment buildings in the area. Development of the property
is planned for commercial office buildings compatible with the international district zoning.

Seasonally, groundwater is present at depths as shallow as 4 to 6 ft BGS. Groundwater
is currently not a drinking water source because businesses located in the downtown area are
required to obtain water from the city municipal water supply. The shallow groundwater zone

was formerly submerged in the marine intertidal area of Elliott Bay. Shallow groundwater at the
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property discharges to Elliott Bay marine surface water approximately 2,000 ft west of the
property.

Based on the above information and most likely future activities, potential future exposure
pathways include: |

 Short term exposure in the future by ingestion of soil on-property by hypothetical
construction workers and international district residents and workers during intrusive
activities supporting construction

» Hypothetical transport of contaminants in groundwater to marine surface water.

The RI portion of this document and Appendix I summarize the potential exposure pathways and
the approach for including or excluding certain pathways for the cleanup levels analysis.
Groundwater used as drinking water was considered an extremely unlikely pathway at the
property. For the purpose of the exposure assessment, current consumption of groundwater
downgradient beyond the property boundary was not considered a complete exposure pathway

because businesses are required to obtain water from the city.

10.3 Cleanup Levels

Cleanup levels are developed for groundwater and soil for hazardous constituents detected
in samples from the property. Development of cleanup levels for each medium is described
below. Human health and environmental risks associated with exposures to detected constituents

are summarized in Appendix 1.

10.3.1 Groundwater

Groundwater of concern at the property includes the shallow groundwater zone described
in the RI portion of this document. Groundwater cleanup levels are déveloped in accordance with
WAC 173-340-730, based on the highest beneficial use of the groundwater. As described in the
RI portion of this document, the groundwater at the property is not currently used as a drinking
water source, and it is extremely unlikely that the groundwater from shallow or deeper
groundwater zones will be used for drinking water in the future because the shallow groundwater
zone was formerly submerged in the intertidal and subtidal éreas of Elliott Bay (USGS 1980), it

is within the area served by the Seattle Water Department, and because deeper confined zones are
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potentially vulnerable to saline intrusion if the groundwater is pumped over an extended period.
Conditions at the property meet the five requirements of WAC 173-340-720 (1)(c) for approval
of groundwater cleanup levels that are based on protecting beneficial uses of adjacent surface
water. The five requirements and property conditions are described below.

1. There must be known or projected points of entry of the groundwater into the
surface water. As described in the RI portion of this document, groundwater in the
shallow aquifer at the property flows west to northwest into Elliott Bay.

2. The adjacent surface water may not be classified as a suitable domestic water
supply source under chapter 173-201 WAC. The marine water of Elliott Bay to the
west of the property is designated as Class B marine, a classification that is not suitable
for a domestic water supply. The surface water also exceeds the federal secondary
maximum contaminant level (MCL) for chloride (250 mg/L). :

3. Groundwater discharges into the surface water may not cause exceedances of
surface water cleanup levels. Groundwater cleanup levels will be set to prevent
exceedances of surface water cleanup levels due to groundwater discharges.
Groundwater data show that these levels are met at the property boundary.

4. There must be institutional controls to prevent use of contaminated groundwater
between the source of hazardous substances and the point of discharge into the
surface water. Businesses in this area, including the area downgradient of the
property to Elliott Bay, are required to obtain water from city water supply. -Current
groundwater data indicate that surface water protection levels are met at the property
boundary for constituents that do not have higher upgradient concentrations.
Institutional controls preventing use of contaminated groundwater at the property will
also be instituted,

5. The transportation of hazardous substances, at concentrations that exceed

groundwater criteria, from the contaminated groundwater to groundwater that is

a current or potential future source of drinking water must be unlikely. An

upward gradient exists from lower confined groundwater zones to the shallow

groundwater zone that restricts downward flow of groundwater or contaminants. The

RI portion of this document reports no drinking water wells identified within 5 miles.

Because property groundwater meets the five requirements, it has been determined that the

highest beneficial use of groundwater is discharge to marine surface water in Elliott Bay. For this
reason, groundwater cleanup levels are based on the surface water cleanup levels.

Cleanup levels for protection of surface water were developed for detected volatile organic,

semivolatile organic, metals, and cyanide constituents detected in groundwater samples taken
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during the RI. According to the regulations, surface water cleanup levels are to be based on the
highest beneficial use. The surface water in Elliott Bay is designated in WAC 173-201A-085 as
Class B marine water, which is not suitable for domestic water supply; therefore, the highest
beneficial use of the surface water is as marine habitat and for recreation, commerce, and
navigation.

Protection of both aquatic life and human health are considered when determining cleanup
levels. Surface water cleanup levels under MTCA method B are to be at least as stringent as state
and federal water quality criteria. The water quality criteria are used as the cleanup levels unless
Ecology determines that they are not sufficiently protective of human health. In that case, cleanup
levels are established using the method B equations in WAC 173-340-730 (3)(a)(iii). For purposes
of this report, water quaiity criteria with a human health cancer risk greater than 107 for
combined risk from carcinogens or a hazard index of greater than 1.0 for noncarcinogens are not
considered sufﬁciéntly protective, and values are then calculated using method B equations.
Water quality criteria, method B equation values, and proposed cleanup levels are shown in
Table 10-2. For those noncarcinogenic substances with the same toxic endpoints, the cleanup
levels are adjusted so that the sum of their hazard indices is 1.0. Cleanup level 'adjustments are
shown in Table 10-3. The carcinqgenic risks are summed and verified to be less than 103, so
adjustments are not made to carcinogen cleanup levels. Cleanup levels are also adjusted to be
above practical quantitation levels (PQLS).

Cleanup levels cannot result in adverse effects on the protection and propagation of
wildlife, fish, and other aquatic life. To determine that no adverse effects are likely, preliminary
" cleanup levels were compared to available ambient water quality criteria (EPA 1986).

Because there are no surface water quality criteria or method B human health levels for
TPH, use of specific aromatic constituents to represent hydrocarbon fractions is proposed rather
than use of TPH criteria. The method A groundwater cleanup level for TPH is based on
prévention of adverse aesthetic effects (taste and odor) in drinking water and is not applicable to
nonpotable surface water. The national pollutant discharge elimination system (NPDES)
requirements for oil and grease and TPH are based on available and reasonable treatment
technologies for point source discharges and are, therefore, not applicable to groundwater

discharging to surface water. The federal ambient water quality criterion (EPA 1986) of no
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" visible sheen is proposed as the surface water cleanup level. The criterion of no visible sheen is
adequately protective because risks related to major fractions of TPH are addressed through
cleanup levels set for benzene, ethylbenzene, toluene, and polynuclear aromatic hydrocarbons

(PAH).

Soil cleanup levels at the property are based on direct human exposure and protection of
groundwater. As stated earlier, the property's proposed future use is commercial office
development that will be compatible with current zoning (international district mixed) and adjacent
residential and commercial properties.

Soil cleanup levels based on direct contact are based on method B residential equations and
taken from CLARC II (Ecology 1996). Soil cleanup levels for protection of groundwater
(discharging to surface water) are based on the surface water cleanup levels (Table 10-4) times
a leaching factor. The MTCA default leaching factor of 100 is presented for all constituents.

The age of contaminants at the property exceeds 80 years. Data presented in the RI
portion of this document support the interpretation that any release of contamination from the
property has reached steady state conditions. Therefore, the use of the 100 times factor to
estimate soil leaching for the purposes of groundwater protection may be overly protective. Other
options are available, such as developing chemical-specific leaching factor estimates using an
approach such as the method described in the RI portion of this document using EPA's Soil
Screening Guidance (1995). As seen in Table 10-4, the soil cleanup levels are often below PQLs.
In such cases, compliance with the cleanup levels can be evaluated at the PQL value (Ecology
1995). Soil cleanup levels for metals are also compared to natural background concentrations.
As required in WAC 173-340-700(4)(d), the soil cleanup levels are adjusted, when appropriate,
to be equal to the natural background concentration. The adjustment is shown in Table 10-4.

Rather than develop a property-specific leaching factor that could exceed 100,000 for
certain organic constituents such as cPAH in place of the MTCA 100 times approach, it is
proposed that property groundwater data currently demonstrate that cPAH are not leaching to

groundwater at detectable concentrations from the existing concentrations of contaminants.
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Therefore, the existing concentrations of cPAH must be adequately protective for leaching to

groundwater.

10.3.3 Comparison of Data to Cleanup Levels

Tables 10-5 and 10-6 present the results of comparison of data summarized in the RI
portion of this document to groundwater and soil cleanup levels, respectively. With the exception
of cyanide, only the May 1996 groundwater data were used for comparison due to concerns with
groundwater sample quality control for previous data.

Of the constituents detected in groundwater, arsenic was the only constituent that exceeded
groundwater cleanup levels. Because concentrations of arsenic in wells B-4 and B-6 (Figure 2-2),
representing upgradient conditions, were greater than the downgradient on-property detection in
well HC-101; no additional action is appropriate to address the arsenic exceedances in
groundwater. )

Concentrations of arsenic, beryllium, lead, and cPAH exceed soil cleanup levels based on
direct contact. Concentrations of metals and PAH exceed soil cleanup levels based on protection
of groundwater and using the MTCA default leaching factor of 100. These exceedances will be

addressed in cleanup action objectives.

10.4  Points of Compliance
The point of compliance is the location where cleanup levels are to be attained. Points of

compliance are developed for groundwater and soil.

10.4.1 Groundwater
As introduced in the RI portion of this document, it is extremely unlikely that groundwater

in the vicinity of the property will be used as drinking water. At sites where groundwater flows
into nearby surface water and groundwater cleanup levels are based on protection of surface
water, a point of compliance located within the surface water as close as technically possible to
the point where groundwater flows into the surface water may be approved.

At the Union Station property, which is approximately 2,000 ft from Elliott Bay,

identification of a point of compliance at the point of discharge to surface water is not practicable.
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Accordingly, the proposed point of compliance in the shallow groundwater zone is the
downgradient (western) property boundary. Compliance will be monitored by wells along the
downgradient property boundary.

As noted in the risk summary in Appendix I, the direct contact to any groundwater during
short term construction activities was evaluated qualitatively and risks would be addressed by
appropriate health and safety measures. Although no complete pathway exists for direct
consumption of groundwater at the property and no groundwater development is planned in
cdnjunction with the proposed development, administrative measures are appropriate to pfevent

any consideration of future groundwater development at the property.

10.4.2 Soil ,

A point of compliance for soil cleanup levels based on direct contact in soil is proposed.
The point of compliance will be the ground surface level below existing building floor(s) or future
development paved surface extending to the property boundary to a depth of 15 ft BGS. For soil
cleanup levels based on protection of groundwater, the point of compliance is in soil throughout
the property. As identified in WAC 173-340(6)(d), for cleanup actions that involve containment,

the cleanup action may be determined to comply with cleanup standards.

10.5 RAOs

Based on the assessment of the additional regulatory requirements, the affected media, the
developed cleanup levels, and the points of compliance, the RAOs for soil at the property are
established 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.

Because it is extremely unlikely that property groundwater would be a future source of drinking

water, RAOs are not developed for restoration of property groundwater to a level of water quality
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consistent with use as a source of drinking water. Consequently, groundwater RAOs were
developed for monitoring of continued compliance with cleanup levels at the downgradienf point
of compliance and precluding the use of property groundwater as drinking water. RAOs are used

to identify technologies and cleanup alternatives in subsequent sections.
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TABLE 10-1 !
IDENTIFICATION AND EVALUATION OF APPLICABLE LAWS AND REGULATIONS '
UNION STATION PROJECT !
SEATTLE, WA ;
Potential ARAR Applicability Raticnale !
Soil ,
Federal |
Resource Conservation and Recovery NA RCRA corrective action requirements are not applicable
Act (RCRA) (42 USC 6901) because the facility is not a permitted or interim status;
TSD facility. '
Comprehensive Environmental |
Response, Compensation, and Liability |
Act {CERCLA) (42 USC 9605)
National Qil and Hazardous A Applicable,
Substances Pollution Contingency |
Plan (NCP) (40 CFR 300)
Toxic Substances Control Act (TSCA) NA No PCB contamination is known to be onsite.
(15 USC 2601) :
State ‘
Hazardous Waste Management Act NA HWMA corrective action requirements are not :
(HWMA) (RCW 70.105) applicable because the facility is not a permitted or
interim status TSD facility.
Groundwater
Federal '

Safe Drinking Water Act (SDWA)
{42 USC 3001) ,
|

MCLs and MCLGs (40 CFR 141) NA Groundwater is not current or potential future drinking
water source, j
|

State |
Water Pollution Control Act
(RCW 50.48)
' I
Groundwater Quality Standards NA Not applicable to cleanup actions approved by Ecology
(WAC 173-200) under MTCA.
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TABLE 10-1
IDENTIFICATION AND EVALUATION OF APPLICABLE LAWS AND REGULATIONS |
UNION STATION PROJECT |
SEATTLE, WA .
Potential ARAR _ Applicability Rationale '
Comprehensive Environmental !
Response, Compensation, and Liability
Act (CERCLA) (42 USC 9605)
* National Oil and Hazardous A Applicable.
Substances Pollution Contingency
Plan (NCP) (40 CFR 300)
|
Surface Water i
Federal
Clean Water Act (33 USC 1251) ‘
Ambient Water Quality Criteria A Applicable, |
(40 CFR 131) |
State |
Water Pollution Control Act
(RCW 90.48)
Surface Water Quality Standards A Applicabie.
(WAC 173-201) |
Other
National Historic Preservation Act (16 A Applicable. Union Station building is listed on the
USC 470) National Register of Histeric Sites as a "National
Historic Landmark." .
A = Applicable
NA = Not applicable



TABLE 10-2

GROUNDWATER CLEANUP LEVELS BASED ON MARINE SURFACE WATER PROTECTION
DEVELOPED FOR UNION STATION PROJECT

Page 1 of 3

SEATTLE, WASHINGTON
MTCA Method
B Surface
Federal Water Water Equdtion Practical
State Water Quality Quality Criteria for Federal Water Quality WQC Carcinogenic for Human Quantitation Adjusted
Criteria for Aquatic Aquatic Life® Criteria for Human Risk <107 or Health Limits® Cleanup Level

Constituent Life® (ug/L) (ug/L) Health® (ug/L) Hazard Index <1 {ng/L) (ug/L) {(pg/L)
TPH-G - -- - - - --
TPH-D - - - - - -
TPH-Other -- - - - -~ -
Non-CPAH

Naphthalene - -- -- - 0.1 9,880

Acenaphthylene - - - - 0.1 -

Acenaphthene - - - - 0.1 2250

Anthracene -- - - - 0.1 25,900

Fluoranthene - -- 370 No 0.1 27.1@

Fluorene - - 14,000 No 0.1 2,4220

Phenanthrene - - -- -- - 0.1 --

2-Methylnaphthalene - - - - -~ 0.1 --

Pyrene - - 11,000 No 2,590 0.1 7779

Benzo(g,h,i)perylene -- - - -- . 0.2 --

Dibenzofuran - - -- -- - 0.2 --
CPAH

Benzo(a)anthracene - - 0.031 - Yes 0.0296 0.1 0.1

Chrysene - - 0.031 Yes 0.0296 0.1 0.1

Benzo(b)fluoranthene -- - 0.031 Yes 0.0296 0.2 0.2

Benzo(k)fluoranthene -- - 0.031 Yes 0.0296 0.2 0.2

Benzo(a)pyrene -- -- 0.031 Yes 0.0296 0.2 0.2
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TABLE 10-2

Page 2 of 3

GROUNDWATER CLEANUP LEVELS BASED ON MARINE SURFACE WATER PROTECTION
DEVELOPED FOR UNION STATION PROJECT

SEATTLE, WASHINGTON

MTCA Method
B Surface
Federal Water Water Equation Practical
State Water Quality Quality Criteria for Federal Water Quality WQC Carcinogenic for Human Quantitation Adjusted
Criteria for Aquatic Aquatic Life® Criteria for Human Risk <10% or Health Limits@ Cleanup Level
Constituent Life® (ug/L) (ug/L) Health® (ug/L) Hazard Index <1 (ue/L) (ug/L) (ug/L)
Indeno(1,2,3-c,d)pyrene - - Yes 0.0296 0.2 0.2
Dibenz(a,h)anthracene -- - Yes 0.0296 0.2 . 0.2
Other Semivolatiles
 Phenol - - 4,600,000 No 1,100,000 6 1,100,000
bis(2-cthylhexylyphthalate - ~ 59 Yes 3.56 1 5.9
Volatiles
Acetone - - - - -- 1 --
Benzene - - Comol . Yes 43 10 71
Ethylbenzene . - 29,000 No Ceo0 1o 276
p-Isopropyltoluene -- - - - - 10 -
Toluene - - 200,000 No 48,500 1o 485
1,2,5-Trimethylbenzene -- - - - - 1® -
Xylenes - - -- - - 10 -
Conventional Parameters
Cyanide - Bt 220,000 Yes 51,900 50 50
Metals
Antimony -- -- 4,300 ~ --® -- 10 4,300
Arsenic 36 36 0.14. Yes 0.098 4 4
Beryllium - -- - -- 0.079 2 2
Cadmium P 9.3 - Yes 20.3 2 8
Chromium VI 50 50 - Yes 810 5 50
Copper -- o 29 - Yes 2,600 1 2.9
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TABLE 10-2
GROUNDWATER CLEANUP LEVELS BASED ON MARINE SURFACE WATER PROTECTION

DEVELOPED FOR UNION STATION PROJECT
SEATTLE, WASHINGTON

MTCA Method
B Surface
Federal Water Water Equation Practical
State Water Quality Quality Criteria for Federal Water Quality WQC Carcinogenic for Human Quantitation Adjusted
Criteria for Aquatic Aguatic Life® Criteria for Human Risk <10% or Health Limits@ Cleanup Level
Constituent Life® (ug/L) {pg/L) Health® (ug/L) Hazard Index <1 (pg/L) (ng/L) (ng/L)
Lead 8.5 T - - 2 5.8
Mercury 0.025 0.15 - - 1 1
Nickel 83 4,600 No 1,100 10 10
Selenium 71 -- -- - 20 71
Silver 2.30 -- Yes 25,900 20 20
Zinc 86 - Yes 16,500 10 76.6
Note:  Shading indicates initial cleanup level.
- No criteria available.
(a) Marine chronic criteria.
(b) Salt water continuous concentration.
© Consumption of organisms only.
d) Based on Ecology's Guidance on Sampling and Data Analysis Methods (January 1995) andNorth Creek Analytical's Union Station laboratory report (May 1996).
(e) Adjustments are illustrated on Table2- 3.
® Method 8260.
(&) No toxicity value available to estimate corresponding risk level.
(h) Marine acute; chronic criteria not available.
@) Marine maximum; chronic criteria not available.
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TABLE 10-3

ADJUSTMENTS TO NONCARCINOGENIC SURFACE WATER AND GROUNDWATER

CLEANUP LEVELS
UNION STATION PROJECT
SEATTLE, WA
Health Effect and Method B Cleanup Hazard Adjusted Cleanup Adjusted
Constituent Level (ug/L) Index Level (ug/L) Hazard Index
Blood
Fluorene 3,460 1.0 2,422 0.70
Fluoranthene 90.2 1.0 27.1 0.30
Liver, kidney
Fluoranthene 90.2 1.0 27.1 0.30
Pyrene 2,590 1.0 717 0.30
Toluene 48,500 1.0 485 0.01
Ethylbenzene 6,910 1.0 276 0.04
Acenaphthene 643 1.0 225 0.35
No observed effects
Anthracene 25,900 1.0 25,900 1.0
Body Weight
Naphthalene 9,800 1.0 9,880 1.0
Developmental
Phenol 1,100,000 1.0 1,100,000 1.0
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Potential Chemicals of
Concern

TPH-G

TPH-D

TPH-Other
Non-CPAH
Naphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
2-Methylnaphthalene
Fluoranthene

Pyrene
Benzo(g,h,i)perylene
Dibenzofuran

CPAH
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-c,d)pyrene
Dibenz(a,h)anthracene

Other Semivolatiles

bis(2-ethylhexyl)phthalate

Phenol
1,2-Dichlorobenzene
" 1,3-Dichlorobenzene
2,4-Dinitrotoluene
Di-n-octylphthalate
Di-n-butlyphthalate

07/01/96 ):\273\008\012\TABLE. 104

TABLE 104
SOIL CLEANUP LEVELS
UNION STATION PROJECT
SEATTLE, WA
MTCA Method B Protection of Practical
(direct contact) Surface Quantitation

(mg/kg) Water® Limit®
Residential (mg/kg) (mg/kg)

3,200 088" 0.66

- 0.66

4,800 25 0.66

3,200 242 0.66

- - 0.66

24,000 2,590 ¢ 0.66

- T 0.66

3,200 2.7 0.66

2,400 117 0.66

- - 0.66

- —~ 0.33

0.66

0.66

0.66

0.66

0.66

0.66

0.66

0.66

0.66

0.66

0.66

0.66

0.66

1.7

Page 1 of 2

Soil
Cleanup
Level®

Natural
Background
Concentrations®

0.66
0.66
0.66
0.66
0.66
0.66
0.66

0.66
48,000
420
260
0.91
1,600
291
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TABLE 10-4
SOIL CLEANUP LEVELS
UNION STATION PROJECT
SEATTLE, WA
MTCA Method B Protection of Practical . Soil
(direct contact) Surface Quantitation Natural Cleanup

Potential Chemicals of {mg/kg) Water® Limit® Background Level®
Concern Residential (mg/kg) (mg/kg) Concentrations®  (mg/kg)
Di-methylphthalate 80,000 7,200 0.66 7,200
Butyl benzyl phthalate 16,000 125 0.66 125
Volatiles
Acetone 8,000 - 0.01 8,000
Benzene 34.5 7.1 0.005 7.1
Ethylbenzene 8,000 27.6 0.005 27.6
Methylene Chleride 133 160 0.005 133
Toluene 16,000 48.5 0.005 48.5
Xylenes 160,000 - 0.005 160,000
Metals .
Antimony 32 430 1.5 - 32
Arsenic 1.67 - 0.014 0.5 7 7
Beryllium 0.233 0.0079 0.1 0.6 0.6
Cadmium 80 0.8 0.05 1 1
Chromium VI 400 5 0.5 -- 5
Copper 2,690 029, 0.5 36 36
Lead 250 058 - 0.5 2% 24
Mercury 24 0.0(.)25.: | 0.002 0.07 0.07
Nickel 1,600 0.79 20 28 28
Selenium 400 .1 5 -- 7.1
Silver 400 042 0.1 - 0.12
Zinc 24,000 77 0.03 85 85
Conventionals ,
Cyanide 1,600 0.1 5 5

Shading indicates basis for initial cleanup level.

(a)
(b)
©
(d)
©

Not applicable,

100 times adjusted surface water groundwater cleanup level from adjusted Table 5-3.
Based on Ecology's Guidance on Sampling and Data Analysis Methods (January 1995); Methed Series 7000.

Puget Sound background metal concentrations from Ecology 1994.

Corrected for practical quantitation level and soil metal background concentrations, if appropriate.
Method A cleanup level.
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TABLE 10-5

Page 1 of 2

COMPARISON OF ON-PROPERTY GROUNDWATER QUALITY DATA®
TO GROUNDWATER QUALITY STANDARDS

UNION STATION PROJECT
SEATTLE, WASHINGTON

Locations of

Analyte _ Exceedances Occur? Exceedances
Conventionals
Cyanide® No -
Metals
Antimony - --
Arsenic Yes HC-101®
Beryllium No -
Cadmium No --
Chromium VI No --
Copper No --
Mercury No -
Nickel No - |
Selenium -- - |
Silver No -
Zinc No -- |
Semivolatiles
Acenaphthene No --
Acenaphthylene - --
Anthracene No -
Benzo(a)anthracene No -~
Benzo(b)fluoranthene - No -
Benzo(k)fluoranthene No -
Benzo(ghi)perylene - -
Benzo(a)pyrene No -
Chrysene No -
Dibenz(a,h)anthracene No -
Dibenzofuran -- -~
Fluoranthene No --
Fluorene No -

‘ Indeno(1,2,3-cd)pyrene No --

2-MethyInaphthalene
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TABLE 10-5

Page 2 of 2

COMPARISON OF ON-PROPERTY GROUNDWATER QUALITY DATA®
TO GROUNDWATER QUALITY STANDARDS

UNION STATION PROJECT
SEATTLE, WASHINGTON

Analyte Exceedances Occur?
Naphthalene No
Phenanthrene ' --

Phenol No
Bis(2-ethylhexyl)phthalate ' No

Pyrene ‘ No
Volatiles (EPA 8260)

Benzene No
Isopropylbenzene -

p-Isopropyitoluene -
Naphthalene No
1,2,4-Trimethylbenzene -
1,3,5-Trimethylbenzene -
mé&p-Xylene -
o-Xylene -
BTEX (EPA 8020)

Benzene No
Ethylbenzene . No
Toluene No
Xylene (total) | -
TPH

Diesel : -
Gasoline -

- = Not applicable

Locations of
Exceedances

(a) Data used for these tables are presented in the RI portion of this document. Data include May
1996 sample results with the exception of cyanide data, which are from 1986 results.
(b) Concentrations detected at upgradient wells B-4 (0.0099 pg/L) and B-6 (0.013 pg/L) exceed

detection in on-property wells.
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TABLE 10-6
COMPARISON OF ON-PROPERTY SOIL QUALITY DATA RELATIVE TO
SOIL CLEANUP LEVELS
Exceedances
Analyte Occur? Locations of Exceedances
Conventionals

Total cyanide
Total Metals
Arsenic

Beryllium
Cadmium
Chromium

Copper

Lead

Mercury

Nickel

Selenium

Silver

Zinc

Semivolatiles
2-Methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene
Benzo(bk,)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Chrysene
Di-n-butylphthalate
Di-n-octylphthalate
Dibenzo(a,h)anthracene
Dibenzofuran
Fluoranthene

Fluorene
Indeno(l1,2,3-cd)pyrene
Naphthalene
Phenanthrene

Phenol

Pyrene
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No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes

Yes .

Yes

Yes
Yes

Yes
Yes

Yes

TB-79, HC-1, TB-92, HC-4

TB-79, HC-1, HC-3, TB-92, HC-4

HC-5

TB-78, TB-79, HC-1, HC-3, HC-2, TB-92, HC-5, HC-6, HC-4
TB-79, HC-3, HC-2, TB-92, HC-5, HC-4

HC-1, HC-3, HC-2, TB-92, HC-5, HC-4

HC-1, HC-3, HC-2, HC-5, HC-6, HC-4

TB-79, HC-3, HC-2, HC-5, HC-6, HC-4

TB-79, TB-78, HC-1, HC-3, HC-2, HC-6, HC-5, HC-4
TB-79, HC-3, TB-92, HC-5, HC-4

TB-22, TB-79, HC-1, HC-3, HC-5

TB-22, TB-25, TB-3, TB-78, TB-79, HC-1, HC-3, HC-2, HC-6,
HC-5, HC4

TB-22, TB-3, TB-38, TB-78, HC-2, HC-1, HC-3, HC-2, HC-5,
HC-6, HC4

TB-22, TB-3, TB-78, TB-79
HC-1, HC-3, TB-91, HC-2, HC-6, HC-5, HC-4

TB-22, TB-3, TB-78, TB-79

HC-1, HC-4, HC-5

TB-79, TB-78, HC-1, HC-2, HC-3, HC-6, HC-5, HC-4

HC-1, HC-3, HC-5, HC-4

TB-22, TB-3, TB-79, TB-78, HC-1, HC-3, HC-6, HC-5, HC-4
TB-3, HC-1 ‘

TB-78, HC-1, HC-3, HC-6, HC-5, HC-4

TB-3, HC-1

TB-3, HC-1, HC-3
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Page 2 of 2

TABLE 10-6
COMPARISON OF ON-PROPERTY SOIL QUALITY DATA RELATIVE TO
SOIL CLEANUP LEVELS
Exceedances
Analyte Occur? Locations of Exceedances
Volatiles
Acetone No -
Ethylbenzene No -
Methylene chloride No --
Toluene No -
Xylene (total) No -
TPH
Diesel - -

-- = Not applicable.
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11.0 IDENTIFICATION AND EVALUATION OF CLEANUP ALTERNATIVES

This section presents the identification and evaluation of cleanup action alternatives for
achieving the RAOs for the property. The analysis in this section is presented as follows:

» Identifying key assumptions that influence the development of cleanup action
alternatives for the property (Section 11.1).

* Evaluating and selecting applicable general response actions, cleanup technologies, and
process options, based on effectiveness, implementability, and cost relative to the
property characteristics, constituents of concern, and RAOs (Section 11.2).

* Presenting a detailed description of the cleanup action alternatives (Section 11.3).

= Evaluating and comparing the alternatives based on the criteria required by MTCA
(WAC 173-340-360) (Section 11.4).

11.1 KEY ASSUMPTIONS
Six key assumptions are presented below that affect the development of cleanup action
alternatives for the property:

+ Avoiding impacts to existing property structures - No cleanup action would be
undertaken that results in damage to existing utilities, property structures (e.g., bus
tunnel and 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 restricted access beneath and adjacent to
existing structures, remediation of all the contaminated soil to achieve regulatory
cleanup levels throughout the property is not practicable; accordingly, some
constituents of concern will remain on-property for all cleanup action alternatives.

+ Limitations of future property groundwater use - As introduced in the RI portion
of this document, it is extremely unlikely that shallow property groundwater would be
used as a future source of drinking water because water users are required to obtain
service from the city. '

The following sections further detail these assumptions.
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11.1.1 Avoiding Impacts to Existing Property Structures

Current property use includes a municipal bus tunnel, an historic building (Union
Station), parking lots, public streets (including sections of the South Jackson Street and
4th Avenue South viaducts) and sidewalks. Key public structures at and adjacent to the property
that cannot be impacted by the cleanup action include the municipal bus tunnel; Union Station;
and the South Jackson Street, 4th Avenue South, and South Airport Way viaducts. It is infeasible
to disrupt the operations of the bus tunnel or the public streets or to damage Union Station, a
national historic landmark, to implement cleanup actions. Consequently, no cleanup action would

be undertaken that posed a risk to the operations and functions of these structures.

11.1.2 Impracticability of Complete Soil Excavation

Complete excavation of contaminated soil was not considered applicable for the property
due to the technical impracticability of excavation beneath the existing bus facilities and tunnel;
the South Jackson Street, South Airport Way, and 4th Avenue South viaducts; and the Union
Station building, and the environmental and health risk during construction. The complete
excavation construction effort would be significant (approximately 30,000 yd®) and, if successful,
could eliminate residual contaminants at the property. However, there is no technically feasible
way to excavate beneath the bus tunnel or street viaducts, and excavation beneath Union Station
could damage the historic structure or would require demolition of the building, which is not
acceptable. In addition, the increased short-term environmental and human health risk, disruption
of the area, and very high cost compared to the minimal decrease in long-term risk, make the
incremental cost for complete excavation substantial and highly disproportionate to the incremental
degree of protectioh provided. Therefore, no alternative is developed that includes complete

excavation of contaminated soil at the property.

11.1.3 Limitations of Soil Remediation

The physical properties of the soil identified in the RI portion of this document, location
of much of the contaminated soil beneath structures, and the variability of soil concentrations
horizontally and vertically make it impracticable to reduce constituent concentrations in the

contaminated soil to regulatory cleanup levels throughout the property. The low migration
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potential and the low solubility in groundwater cause the constituents of concern in the
contaminated soil to be relatively immobile. Also, the location of contaminated soil beneath
existing structures, such as the bus tunnel, makes the reduction of constituent concentrations in
soil to regulatory cleanup levels impracticable (e.g., having an incremental cost that is substantial
and disproportionate to the incremental degree of protection provided over other lower cost
altematiwies). Consequently, some constituents of concern will remain on-property for all cleanup
action alternatives, and the need for institutional controls and monitoring is assumed for all

alternatives.

11.1.4 Limitations of Future Property Groundwater Use

The assumption that shallow property groundwater within the point of compliance would
not be used as a potential future source of drinking water is incorporated into all of the cleanup
action alternatives. A municipal water supply is available at the property so, as discussed
previously in the RI portion of this document Section 5.7, there is no need to develop a
groundwater supply within the property boundaries. The saturated thickness of the shallow
groundwater zone throughout most of the property is approximately 15 to 20 ft, and this unit is
not considered capable of sustaining extraction rates that would be adequate for a water supply
for the proposed development given the availability of a municipal water supply. Additionally,
prior to filling, this area was a part of the marine environment, and chloride levels in the water
are expected to be high. Current city regulations require businesses to obtain drinking water from
the city.

11.2 EVALUATION OF GENERAL RESPONSE ACTIONS, TECHNOLOGIES,

AND PROCESS OPTIONS

This section identifies and evaluates general response actions, cleanup technologies, and
process options that have the potential to satisfy the RAOs for the property. The process options
are evaluated and compared in this section to identify the most implementable and effective
options. Tables 11-1 and 11-2 summarize this evaluation process for property soil and

groundwater, respectively. Information presented in these tables includes:
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* Descriptions of general response actions, cleanup technologies, and process options that
have the potential for achieving the RAOs for soil and groundwater

* Evaluations of each process option based on effectiveness, implementability, and cost

» Post-screening status of each process option [i.e., whether the process option is carried
forward for use in developing cleanup action alternatives for the property (options not
carried forward are indicated by shading in the tables)].

The RAOs for groundwater are based on preventing ingestion, direct contact, and
migration to surface water of groundwater containing constituents of concern above groundwater
cleanup levels. Consequently, the appropriate response actions include groundwater use
restrictions and monitoring at the groundwater downgradient point of compliance to confirm
continued compliance with cleanup standards. Institutional controls and monitoring are the
applicable general response actions to achieve these RAOs and are retained throughout the

screening and evaluation process for property groundwater.

Table 11-1 identifies general response actions, remedial technologies, and process options .

considere/d during the evaluation for soil.

Technologies that have been successfully applied to contaminants associated with various

coal gasification sites include :

¢ Excavation of contaminants and removal from the site

» Excavation with subsequent ex situ treatment technologies including thermal,
biological, and stabilization processes

» In situ process such as stabilization and biodegradation of some constituents

» Consolidation and capping.

The Union Station property has the following specific features and characteristics that limit
the application of some technologies that have been successfully applied at other former coal

gasification plants. These characteristics, based on conditions identified in the RI portion of the

document, include:
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* Buildings and municipal facilities restrict access to over 70 percent of the property
surface '

* One of the buildings present above existing contamination is a national historic
landmark.

« Contaminants c;f concern are present at depths ranging from 8 to 50 ft below grade
 Organic content of soil is generally low

* Organic contaminants of concern in soil are cPAH

* Groundwater is present at shallow depths

» cPAH are not detected in groundwater.

The Union Station building and the METRO bus facilities cover much of the area where
buried contaminants are located and much of the area with the highest concentration of
contaminants. Battered piles (installed at an angle and extending outward) support the walls of
the parking lid structure in the southeastern portion of the Main Parcel. The potential risk of
damage to these structures and the foundations of adjacent street viaducts limit the extent, depth
and location of any excavation. Only 25 to 30 percent of the contaminated ‘soil can be accessed,
limiting the potential benefit.

The depth of the contaminants and the shallow groundwater depth also increase the level
of effort associated with any excavation. Therefore, excavation and ex situ technologies
dependent on excavation are generally not practicable and would have a marginal effect at best
because access limitations result in leaving significant volumes of contaminated soil in place and
untreated, preventing cleanup levels from being met throughout the property. Similarly, access
limitations contributed to screening of some in situ techniques such as stabilization. _

Technologies that rely on thermal process, such as combustion of contaminated soil
blended with boiler fuel, were rejected for several property-specific reasons. These include the
requirement for excavation (discussed below), the expectation that most soil would be wet
(requiring significant time, space, or energy to dry) and the low combustible organic content of
property soil. For cost-effective application, techniques such as combustion or soil blending

typically are used for dry soil with significant organic content (greater than 50 percent); property
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soil are saturated below approximately 5 ft and typically have low organic content. Additionally,
much of the fill soil and debris (such as pilings) were in the marine environment and would have
significant chloride contents. Thermal processes applied to chloride-rich material could generate
dioxin as a byproduct, as documented in forest industry hog fuel boiler ash from burned wood that
has been stored or ti'ansported in salt water,

Biodegradation processes applied in situ are most effective with conditioné that promote
circulation of oxygen and nutrients in the soil and groundwater and with contaminants that are
readily degraded. The access restrictions, shallow depth of groundwater, and presence of cPAH
compounds combine to limit the potential effectiveness of biodegradation technologies at the
Union Station property.

A review of literature concerning biodegradation of PAH-containing wastes was conducted
(see Appendix L). In most of the papers concerning air sparging/in situ bioremediation (Nelson
et al, 1995; Kovacs and Landsman 1995; Symons et al. 1995; Gantzer and Cosgriff 1995), either
no cPAH were detected in the source material or cPAH was not analyzed during the remediation.
One laboratory study (Brubaker and Stroo, 1995) found that while degradation of cPAH was
observed in soil—groundwatér slurries, none was observed in column studies, which more closely
resemble in situ remediation.

In one laboratory study of air sparging (Mueller et al. 1995), columns containing
contaminated vadose-zone soil were eluted with recirculating groundwater which had been
amended with oxygen and nutrients. Degradation of cPAH was reported after 8 weeks, however,
the concentration differences between starting and ending concentrations were only 2 mg/kg of
cPAH. As the cPAH concentration in the control column increased by 2 mg/kg during the 8
weeks, it is possible that 2 mg/kg represents the precision of the sampling and analysis for cPAH

in the columns. The evidence for degradation of cPAH is ambiguous at best.

Significant degradation of cPAH was reported during landfarming investigations (Mueller

et al. 1991; Huling et al.1995; McGinnis et al. 1991; Eiermann and Boliger 1995), however, the
bioremediation was performed on soil after excavation as a form of ex situ treatment.
Bioventing of cPAH-containing soil in the vadose zone has also been reported (see
Appendix L). At one site (Alleman et al. 1995), the treatment is ongoing and no concentrations
of cPAH have been reported yet. At a former gasworks site (Wiirdemann et al. 1995), a 3-year
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field study was performed involving lowering of the water table with subsequent bioventing. The
degradation of cPAH was so low, the cPAH concentrations were used as markers of the original
PAH concentrations against which to observe LPAH degradation.

Certain research focuses on addition of amendments to the soil typically in unsaturated
conditions, such as compost or specific fungal strains (or both) to decompose target PAH. These
bioremediation process options have only been preliminarily demonstrated at the laboratory scale.
Also, these processes focus on ex situ treatment, or in situ conditions where thorough mixing of
the amendment with soil is achievable (e.g., shallow surficial soil), neither of which is
implementable at the property. For these reasons, soil amendments are not considered applicable
and are not included in the alternative.

As shown in Tables 11-1 and 11-2, the following soil and groundwater cleanup process
options (within the indicated technology or general response action cafegory) are those considered
and carried forward for use in developing cleanup action alternatives for the property:

» Restrictive covenants and access control (institutional controls)

» Groundwater sampling and analysis (monitoring)

* Asphalt paving (capping)

* Air sparging and enhanced biodegradation of soil contaminants (in situ soil treatment)
* Soil excavation/disposal on an as-needed basis during construction (soil excavation)

» Accessible soil excavation/disposal (soil excavation).

The retained paving process will assist with isolation of contaminated soil,

The retained in situ treatment process, air sparging to stimulate biodegradation of
hydrocarbon constituents of concern in soil, is considered potentially applicable for reduction of
volume, but is not considered capable of achieving MTCA soil cleanup levels throughout the
property. Air sparging for biostimulation is a demonstrated process for light hydrocarbons, but
little experience is available as to its effectiveness for biodegrading the heavier aromatic

hydrocarbon constituents of concern at the property. Consequently, the effectiveness of this
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process is uncertain and would require an assessment of its effectiveness and practicability if
implemented.

The accessible soil excavation option is intended to remove soil that is not beneath existing
property structures, such as the bus tunnel, street viaducts, and the Union Station building. An
estimated 30 percent of the contaminated soil would be removed by this action. Portions of
4th Avenue South and South Airport Way would require temporary shoring and/or temporary
closure to facilitate soil excavation. Areas of the property beneath the existing property structures
would not be excavated because of the high potential for damage and disruption to the structures.

11.3 DESCRIPTIONS OF CLEANUP ACTION ALTERNATIVES

This section presents detailed descriptions of the cleanup action alternatives developed for
the property. These four alternatives represent an appropriate range of i)otentially applicable
cleanup actions based on MTCA guidelines and RAQs for the property. Property-specific
conditions, available technologies and process options, and the key assumptions discussed above
are also considered. These cleanup action alternatives are subjected to a comparative analysis in

Section 11.4. A description and justification of the recommended alternative for the property is

presented in Section 12.0.

11.3.1 Alternative 1

This alternative implements fencing, groundwater monitoring, removal and disposal of soil
as needed to facilitate construction, and institutional controls, Process options of this alternative

include:

* Monitoring to confirm continued compliance with groundwater cleanup standards and

to identify potential migration of contaminated groundwater, if exceedances occur in
the future

. Testlng, evaluation, removal, and disposal of contaminated soil encountered during
construction

* Institutional controls to prevent exposure to contaminated soil, and potentlally
contaminated property groundwater, and to conduct periodic review of the status of the
property.

A description of these cleanup process options is presented below.
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11.3.1.1 Construction Soil Excavation. This process option includes removal and disposal of
contaminated soil, if encountered during construction activities. Activities that have the potential
to generate contaminated soil include installation of auger-cast piles and excavation for
foundations. For FS costing evaluation purposes, a preliminary estimate of approximately
2,000 yd? of contaminated soil is assumed to be removed during construction. Danger.ous waste
characteristic testing reported in the RI portion of this document found that the top approximately
10 ft of soil was not a dangerous waste. Data from other deeper borings suggest that soil from
some areas of the property could designate as a State-only dangerous waste and, therefore, must
be tested to confirm that it is suitable for disposal at a permitted Subtitle D municipal solid waste
landfill. Pretreatment by solidification would be implemented as required to reduce the free-liquid

content of the soil to levels suitable for disposal as a solid waste.

11.3.1.2 Monitoring. Groundwater monitoring would be implemented at the property to provide
an ongoing assessment of groundwater quality in the shallow groundwater zone aquifer. A
conceptual well locatiQn plan is shown on Figure 11-2. The monitoring program would include
quarterly monitoring for the first year, at which time monitoring would cease if no exceedances
of groundwater quality cleanup levels are identified. A 1-year duration of monitoring is
considered sufficient because of the 80+ year age of contamination at the property. Groundwater
samples would be analyzed for PAH compounds (EPA Method 8270 SIM), TPH (WTPH-D
extended), and metals (EPA Method 6000/7000 series) to verify that no exceedances of cleanup

levels occur.

11.3.1.3 Institutional Controls. Institutional controls include restrictive covenants, access
controls such as fencing, and periodic property reviews to control direct contact and other
potential exposures with contaminated soil and potentially contaminated groundwater at the
property. Restrictive covenants would be obtained for the contaminated property to inform
property owners of subsurface conditions, identify the procedural requirements for subsurface
activities, and provide for maintenance of facilities and equipment installed for the selected
cleanup action. These covenants would condition (but not preclude) future development by

requiring compliance with applicable environmental standards. Access controls would include
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fencing. Fences would be installed and maintained in unpaved areas of the property. Unpaved
areas are shown on Figure 11-1. Fencing is currently present around unpaved areas with the
exception of the north parcel. At the north parcel, 15 to 20 ft of fill soil was placed in the late
1980s in conjunction with construction of the METRO tunnel, effectively preventing direct contact
with contaminated soil.

Institutional controls would also include periodic reviews of property conditions and
preparation of status reports on the effectiveness of the property cleanup action over time. This
periodic review and reporting is a requirement of the MTCA (WAC 173-340-420). The
assessment of the status of the property would include a summary of any problems encountered
and corrective action taken. Periodic reviews would be conducted no less frequently than every

5 years after the initiation of the cleanup action.

11.3.2 Alternative 2

In addition to the cleanup process options included in Alternative 1, Alternative 2 would

add paving to isolate contaminated soil. As described previously in the technology evaluation
section of this report, paving in combination with other actions such as institutional controls will
isolate contaminated soil, but is not considered capable of achieving MTCA soil cleanup levels
throughout the property. This alternative is developed to assess the potential incremental
reduction of property risk by implementing paving, relative to its implementability and cost, in

comparison to other developed alternatives.

11.3.2.1 Common Elements. Cleanup processes common to both Alternative 1 and
* Alternative 2 include construction soil removal, groundwater monitoring, and institutional
controls. Institutional controls identified for Alternative 2 would include those associated with
Alternative 1, expanded to include any necessary requirements for maintenance of paving. These
common process options are not discussed further in this section. A description of the paving

process option is presented below,
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11.3.2.2 Paving. Pavement and structures currently cover approximately 40 percent of the
property. Asphalt-concrete paving and building structures would be placed in undeveloped areas
to completely cover the property. A conceptual development plan for the property is shown on
Figure 9-2. Where building structures are not constructed, a standard 2- to 3-inch thick Class B

asphalt-concrete pavement would be used to support the planned property use as parking lots and

drive ways.

11,.3.3 Alternative 3

In addition to the cleanup process options included in Alternative 2, Alternative 3 would

add air sparging to stimulate in situ biodegradation of the constituents of concern present in the

. contaminated soil. As described in Section 11.2, air sparging is considered potentially applicable

for reduction of volume but is not considered capable of achieving MTCA soil cleanup levels
throughout the property. This alternative is developed to assess the potential incremental

reduction of property risk by implementing air sparging, relative to its implementability and cost,

compared to other developed alternatives.

11.3.3.1 Common Elements. Cleanup processes common to both Alternative 2 and
Alternative 3 include paving, construction soil removal, monitoring, and institutional controls.
The inclusion of air sparging potentially adds the requirement for subsurface air monitoring, as
described in this section. Institutional controls identified for Alternative 3 would include those
associated with Alternative 2, expanded to include any necessary requirements for maintenance
of the air sparging facilities and additional access controls for these facilities. These common

process options are not discussed further in this section.

11.3.3.2 Air Sparging (Enhanced Biodegradation of Soil Contaminants). Air sparging uses
low pressure subsurface air injection to stimulate in situ aerobic biodegradation of the constituents
of concern present in contaminated soil. Air would be supplied to the contaminated soil below
the water table through a system of injection wells to provide oxygen to promote aerobic
biodegradation. Air sparging is a demonstrated technology for light-end petroleum hydrocarbons

in groundwater and saturated soil, but limited experience is available as to its effectiveness for
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biodegrading high molecular weight PAH compounds (cPAH). Laboratory studies indicated that
some degradation is possible; however, air sparging would not be capable of achieving MTCA
soil cleanup levels throughout the property. An additional consideration is the lower permeability
of property fill due to the moderate component of fine soil material. Because of the limited
experience available as to the effectiveness of air sparging for biodegrading cPAH and the fill soil
permeability, the effectiveness, practicability, and well spacing of the air sparging system would
require extensive laboratory and/or field testing prior to implementation.

Literature citations (such as Hinchee et al. 1994) have found that although laboratory
testing has demonstrated the potential to biodegrade certain PAH compounds, the technology has
not been demonstrated to be a practicable cleanup method for higher molecular weight PAH
compounds (cPAH). In addition, certain PAH compounds were found to strongly adsorb to the
organic soil matrix and were not degraded by biological activity.

For FS evaluation purposes, a conceptual air sparging program was developed that consists
of air injection wells installed throughout the area of contaminated soil to the depth of the tide flat
soil aquitard underlying the shallow groundwater zone, including horizontal injection wells
installed beneath the bus tunnel and Union Station building. Air compressor systems and
subsurface air piping would also be included to supply low-pressure air to the injection wells. The
air injection wells would be screened below the groundwater table to optimize oxygen supply to
the contaminated soil. The air injection rate would be controlled to maintain aerobic conditions.
Subsurface air monitoring would be conducted to confirm these conditions.

For FS costing purposes, a preliminary estimate of twenty-five air sparging wells was
assumed. Ten of these wells would be installed horizontally to ext_end beneath the bus tunnel, and
four wells would be installed to extend beneath the Union Station building. Field testing would
be required to develop the actual well spacing and air injection rate required for air sparging. A
conceptual air sparging air injection well location plan is shown on Figure 11-3. No soil vapor
extraction component is included in this alternative because the target contaminant is not a volatile
organic compound.

Accurate estimates of in situ degradation rates and length of time of operation cannot be

made at this time. No published reports of full scale air sparging programs for biodegradation
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of cPAH have been identified. For FS cost estimating purposes, a duration of 10 years is assumed

for the air sparging process.

11.3.3.3 Monitoring. Monitoring requirements would be expanded over those associated with
Alternative 1 to include subsurface air monitoring related to air sparging operations and
groundwater monitoring during air sparging operations. Monitoring of subsurface air would be
conducted to assess the effectiveness and optimize the operations of the air sparging treatment
process. Selected groundwater monitoring wells and air sparging air injection wells would be
used for subsurface air monitoring. Subsurface air analysis would be conduced to determine the

oxygen and carbon dioxide concentrations to assess the level of biodegradation activity.

11.3.4 Alfernative 4

Alternative 4 would implement soil excavation to remove accessible contaminated soil to

the maximum extent practicable, in addition to those process options included in Alternative 3 for
~ contamination that is not accessible for excavation. An estimated 25 to 30 percent of the
contaminated soil could be removed under this alternative. This alternative would be intended to
achieve complete cleanup of property excavation areas. Excavation under the existing bus tunnel,
Union Station building, and street viaducts is considered impracticable. Consequently, much of
the contaminated soil would remain in place, requiring supplemental cleanup measures. A
modified version of the air sparging process option as described in Alternative 3 would be
implemented to attempt bioremediation of the residual contamination. The level of effort to

accomplish excavation is significant, as described below.

11.3.4.1 Common Elements. Cleanup processes common to both Alternative 4 and
Alternative 3 include air sparging, paving for the residual contamination, construction soil
excavation, monitoring, and institutional controls. Approximately ten horizontally-installed air
sparging wells would be installed beneath the bus tunnel and the Union Station building. The

process options in common with Alternatives 1, 2, and 3 are not discussed further in this section.
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11.3.4.2 Accessible Soil Excavation. This process option includes excavation, on-property
solidification, and disposal of excavated contaminated soil to the maximum extent practicable,
thereby permanently reducing or eliminating the long-term risks associated with potential contact,
constituent migration, and future groundwater contamination associated with the excavated
material. The short-term risk exposing construction workers to physical hazards and contaminated
soil is high and is addressed in Section 11.4.5.5. The proposed excavation would encroach on
existing structures. Preventing damage and disruption to adjacent streets and METRO transit
facilities will be necessary. Portions of 4th Avenue South and South Airport Way would require
temporary shoring and/or temporary closure to facilitate soil excavation. Excavation dewatering
and lower aquifer groundwater control are expected to be required. Areas of the property beneath
the bus tunnel and Union Station building would not be excavated because of the high potential
for damage to the structures and disruption of bus tunnel operations. The soil excavation would
involve removal of approximately 90,000 yd® of soil over an area of about 2 acres (at depths up
to approximately 25 ft below grade and up to 20 ft below the water table elevation. Figure 11-4
shows a conceptual location plan for the accessible soil excavation. .

Excavated soil would be removed and segregated for testing, evaluation, and subsequent
off-property management. Upon completion of the excavation and confirmation sampling,
imported material would be placed to backfill the excavation.

Implementation of the deep soil excavation would include, at a minimum, the following
construction, worker protection, and environmental protection elements:

* Installation of temporary tieback shoring systems and sheet pile shoring systems
adjacent to the elevated roadways and property structures capable of supporting the
excavation sidewalls with minimal deflections

* Groundwater control for shallow groundwater zone and installation of pumping wells
for the lower confined aquifer to limit upward groundwater inflow into the excavation,
pumping, treatment, if necessary, and discharge of water from the excavation

« Stormwater diversion and stormwater pollution prevention measures around the
excavation

« Removal of existing pavement within the excavation zone

+ Excavation to depths of approximately 25 ft BGS, soil testing, chemical data
evaluation, on-property solidification, and staging of contaminated soil for subsequent
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management, along with associated dust control, air monitoring, and confirmation
sampling activities

Coordination and approval with Subtitle D facility and off-property transportation of
approximately 90,000 yd® of contaminated soil for subsequent disposal at a Subtitle D
facility

Excavation backfilling with approximately 90,000 yd® clean soil and suitable imported
soil to achieve previous surface grades

Property restoration, including reconstruction of property features, as appropriate.

11.4 EVALUATION OF CLEANUP ACTION ALTERNATIVES
This section presents the detailed and comparative analyses of the cleanup action

alternatives identified for the property. As required by MTCA (WAC 173-340-360), the

alternatives are evaluated and compared based on the following criteria:

1.

N o v AW

Protection of human health and the environment

Compliance with cleanup standards

Compliance with applicable state and federal laws

Provision for compliance monitoring

Use of permanent solutions to the maximum extent practicable
Provision for a reasonable restoration time frame

Consideration of public concerns.

The first four criteria are considered threshold requirements, which must be attained by

all alternatives. The fifth, sixth, and seventh criteria must also be achieved; however, individual

alternatives may attain differing levels of permanence, restoration time frames, and consideration

of public concerns.
The MTCA (WAC 173-340-360) evaluation criteria are summarized as follows:

Protection of human heaith and the environment. This criterion assesses the
alternative based on factors that include: the degree to which property risks are
reduced, the time required to reduce the risk and attain cleanup standards, risks during
implementation, the potential to perform to a higher level than specified cleanup
standards, and improvement of overall environmental quality.
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Compliance with cleanup standards. Each alternative is assessed as to whether it
complies with the cleanup standards established for the property, including the cleanup
levels, point of compliance, and additional regulatory requirements.

Compliance with applicable state and federal laws. This criterion assesses whether
the alternative complies with applicable state and federal laws, including those specific
to an individual cleanup action.

Provision for compliance monitoring. Each alternative must provide for monitoring
to demonstrate achievement of RAOs including: protection monitoring to confirm that
human health and the environment are adequately protected during construction and
operation of the cleanup action; performance monitoring to confirm cleanup actions
have attained cleanup standards and other performance standards; and confirmational
monitoring to verify the long-term effectiveness of the cleanup action once cleanup
standards and other performance standards have been attained.

Use of permanent solutions to the maximum extent practicable. MTCA recognizes
that permanent solutions may not be practicable for all sites. The following criteria are
used to determine whether a cleanup action is permanent to the maximum extent
practicable:

- Overall protectiveness of human health and the environment is described above
and is not repeated in the evaluations for this criterion.

- Long-term effectiveness including the degree of certainty that the alternative will
be successful, long term reliability, the magnitude of residual risk, and the

effectiveness of controls required to manage treatment residues and remaining
constituents.

- Short-term effectiveness including the protection of human health and the
environment during implementation and the degree of risk to human health and
the environment prior to attainment of cleanup standards.

- Permanent reduction of toxicity, mobility, and volume of constituents of concern
including the adequacy in destroying the constituents, reduction or elimination
of constituent releases and sources of releases, the degree of irreversibility of
waste treatment, and the characteristics and quantity of treatment residuals
generated.

- Implementability including consideration of whether the alternative is
technically possible; the availability of necessary off-property facilities,
services, and materials; administrative and regulatory requirements; scheduling,
size, and complexity of construction; monitoring requirements; access for
construction, operations and monitoring; and integration with existing facility
operations.
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- Cleanup costs: A cleanup action is not considered practicable if the incremental
cost of the action is substantial and disproportionate to the incremental degree
of protection it would achieve over a lower preference action. When selecting
from alternatives that have an equivalent level of preference as described below,
preference may be given to the lowest cost alternative,

- Use of preferred cleanup technologies that minimize the amount of hazardous
substances remaining at the property, in the following descending order of
preference: 1) reuse or recycling; 2) destruction or detoxification; 3) separation
or volume reduction followed by reuse, recycling, destruction or detoxification;
4) immobilization; 5) on-property or off-property disposal at an engineered
facility designed to minimize future releases; 6) isolation or containment:
7) institutional controls and monitoring.

 Provision for a reasonable restoration time frame. This criterion assesses whether
an alternative provides a reasonable restoration time frame, based on consideration of
factors that include: the potential risk posed by the property; the practicability of
achieving a shorter restoration time frame; current and future use of the property and
surrounding areas, and resources that are or may be contaminated by releases from the
property; the availability of alternative water supplies; the likely effectiveness and
reliability of institutional controls; the ability to control and monitor migration of
constituents from the property; the toxicity of the constituents at the property; and
natural processes that reduce concentrations of constituents.

11.4.1 Evaluation of Alternatives

This section presents a detailed evaluation of the individual cleanup action alternatives
relative to each MTCA criteria listed above (see Fi-gure 11-5). Order-of-magnitude cost estimates,
including cap%tal, annual operation and maintenance, and present worth costs are presented in
Appendix K. Present worth costs are the total cost of the alternative, including the capitalt

construction cost and the operation and maintenance cost for the duration of the action.

11.4.2 Alternative 1

11.4.2.1 Protection of Human Health and the Environment. Alternative 1 would protect

human health through implementing institutional controls and monitoring, because the depth and
limited mobility of the contaminated soil make contact with the constituents of concern at the
property unlikely. The risk posed by the property to the environment is low due to the limited

potential for migration of constituents of concern. Soil generated from subgrade excavations
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during construction will be staged, chemically tested, evaluated for disposal requirements and

disposed at an appropriate facility.

11.4.2.2 Compliance with Cleanup Standards. Alternative 1 would achieve the cleanup
standards through a combination of institutional controls (including restrictive covenants and
access control such as fencing), and monitoring. As with all the cleanup action alternatives,

groundwater cleanup levels would be achieved at the points of compliance.

11.4.2.3 Compliance with Applicable State and Federal Laws. The cleanup action complies
with applicable laws. Management of soil removed during construction would be chemically

tested to assure compliance with applicable federal, state, and local regulations.

11.4.2.4 Provision for Compliance Monitoring. Monitoring would be implemented to confirm
compliance with cleanup standards and adequate protection of human health and the environment
during and after construction.  Soil sampling and analysis would be conducted as part of

construction soil removal.

11.4.2.5 Use of Permanent Solutions to the Maximum Extent Practicable.

Long-Term Effectiveness. This alternative is likely to be effective in reducing the limited
potential for contact with contaminated soil. The residual risk from the contaminated soil would
be low because of its depth and limited mobility, and would be effectively controlled by restricting
access, ongoing monitoring and institutional controls.

Short-Term Effectiveness. Worker protection measures would be implemented to minimize
any contact risks and environmental control measures would be used to prevent the release of
contaminated soil during intrusive construction activities. Management of short-term exposure
to workers and the community during property work would require implementation of proper
constructiqn techniques and appropriate health and safety procedures to minimize this risk. The

cleanup action could be constructed in less than 3 months.
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Permanent Reduction of Toxicity, Mobility, and Volume of Constituents of Concern. Soil
removal during construction would provide some permanent reduction of the volume of
constituents of concern at the property.

Implementability. This alternative would be implemented using standard construction
techniques. Off-property facilities would be available for management of soil generated from the
cleanup actions, and construction services and materials would be available for implementation
of the alternative components.

Cleanup Costs. The primary capital costs associated with Alternative 1 include paving,
construction soil removal, and monitoring wells. Operation and maintenance costs include
periodic sampling, analysis, property reviews, and maintenance of facilities. The estimated costs

are as follows:

Total capital cost . $ 500,000
Annual operation and maintenance cost (first year) $ 60,000
Annual operation and maintenance cost (years 2 through 30) $ 10,000
30-year present worth cost $ 700,000

Use of Preferred Cleanup Technologies. This alternative uses a combination of
technologies, including off-property disposal at an engineered facility, institutional controls, and

monitoring to achieve cleanup standards.

11.4.2.6 Provision for a Reasonable Restoration Time Frame. This alternative results in a
relatively quick restoration time frame by achieving the cleanup standards associated with a
property cleanup shortly after implementation of cleanup action measures, which is expected to

take less than 3 months.

11.4.3 Alternative 2

11.4.3.1 Protection of Human Health and the Environment. Alternative 2 provides some

potential additional protection to human health and the environment, relative to Alternative 1,

through isolation of the contaminated soil remaining on-property through paving. Paving,
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institutional controls, and monitoring would protect against exposure to contaminated soil

remaining at the property.

11.4.3.2 Compliance with Cleanup Standards. Alternative 2 would achieve the cleanup
standards through a combination of paving, institutional controls (including restrictive covenants
and access control), and monitoring. As with all the cleanup action alternatives, cleanup levels

would be achieved at the points of compliance.

11.4.3.3 Compliance with Applicable State and Federal Laws. The alternative complies with
applicable laws. Management of soil removed during construction would comply with applicable

federal, state, and local regulations.

11.4.3.4 Provision for Compliance Monitoring. Monitoring would be implemented to confirm
compliance with cleanup standards and adequate protection of human health and the environment
during and after construction. Soil sampling and analysis would be conducted only as part of

construction soil removal.

11.4.3.5 Use of Permanent Solutions to the Maximum Extent Practicable.

Long-Term Effectiveness. This alternative, with paving and implementation of a health and
safety plan for intrusive activities, is likely to be effective in further reducing the limited potential
for contact with contaminated soil. The residual risk from the contaminated soil would be low
because of its depth and limited mobility and would be effectively controlled by paving and
ongoing monitoring and institutional controls.

_ Short-Term Effectiveness. Worker protection would be implemented to minimize any
contact risks, and environmental control measures would be used to prevent the release of
contaminated soil during construction activities. Short-term exposure to workers and the
community during property work would require implementation of proper construction techniques
and appropriate health and safety procedures to minimize this risk. The cleanup action related

to soil intrusive activities is anticipated to be implemented in less than 6 months.

06/26/96 J:\273\008\012\FS.S11 11-20 LANDAU ASSOCIATES, INC.



Permanent Reduction of Toxicity, Mobility, and Volume of Constituents of Concern. Soil
removal during construction would provide some permanent reduction of the volume of
constituents of concern at the property.

Implementability. This alternative would be implemented using standard construction
techniques. Off-property facilities would be available for management of soil generated from the
cleanup actions, and construction services and materials would be available for implementation
of the alternative components.

Cleanup Costs. The primary capital costs associated with Alternative 2 include paving,
construction soil removal, and monitoring wells. Operation and maintenance costs include
periodic sampling, analysis, property reviews, and maintenance of facilities. The estimated

(present worth) costs are as follows:

Total capital cost ‘ . $ 800,000
Annual operation and maintenance cost (first year) $ 70,000
Annual operation and maintenance cost (years 2 through 30) $ 20,000
30-year (present worth) cost $1,200,000

Use of Preferred Cleanup Technologies. This alternative uses a combination of
technologies, including off-property disposal at an engineered facility, isolation, institutional
controls, engineering measures implemented under a health and safety plan during construction,

and monitoring to achieve cleanup standards.

11.4.3.6 Provision for a Reasonable Restoration Time Frame. This alternative results in a
relatively quick restoration time frame by achieving the cleanup standards associated with a
property cleanup shortly after implementation of cleanup action measures, which is expected to

take less than 6 months.

11.4.4 Alternative 3

11.4.4.1 Protection of Human Health and the Environment. Alternative 3 provides some

potential additional protection to human health and the environment, relative to Alternative 2, by

reducing the volume of constituents of concern in the contaminated soil remaining on-property
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through in situ treatment by air sparging. Paving, institutional controls, and monitoring would

protect against exposure to contaminated soil remaining at the property.

11.4.4.2 Compliance with Cleanup Standards. Alternative 3 would achieve the cleanup
standards associated with a property cleanup through a combination of paving, institutional
controls, and monitoring. Air sparging would potentially provide some reduction of the
concentration (and, therefore, volume) of the constituents of concern in the contaminated soil.
As with all the cleanup action alternatives, cleanup levels would be achieved at the points of

compliance.

11.4.4.3 Compliance with Applicable State and Federal Laws. The air sparging process
should not cause any air emissions due to the very low volatility of the constituents of concern,
so air quality regulations are not anticipated to be applicable. Excavated soil would be managed

in conformance with applicable state and federal regulations.

11.4.4.4 Provision for Compliance Monitoring. The air sparging process would not be
expected to affect air quality, so air emissions monitoring is not required. Soil sampling and
analysis would be conducted as part of shallow soil removal. Monitoring would be implemented
to confirm long-term compliance with cleanup standards and adequate protection of human health

and the environment during and after construction.

11.4.4.5 Use of Permanent Solutions to the Maximum Extent Practicable.

Long-Term Effectiveness. Air sparging would potentially achieve some reduction of the
volume of constituents of concern in the contaminated soil. Although implementation results to
date for cPAH reduction in conditions below the water table are not conclusive, the reduction is
unlikely to be significant and is not capable of achieving soil cleanup standards. Construction
soil removal would eliminate the risk of exposure to this small volume of contaminated soil.
Paving, in conjunction with institutional controls, would provide effective protection against

potential exposure to remaining contaminated soil. The residual risk from the contaminated soil
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would be low because of its depth and limited mobility of constituents of concern, and would be
effectively controlled by ongoing monitoring and institutional controls.

Short-Term Effectiveness. The short-term risks associated with Alternative 3 are higher
than previous alternatives because of the installation and operation of the air sparging system
within the area of contaminated soil. Worker protection would be implemented to minimize
contact risks, and environmental control measures would be used to prevent the release of
contaminated soil during construction activities. Short-term exposure to workers and the
community during property work and well installation would require implementation of proper
construction techniques and appropriate health and safety procedures to minimize these risks. The
cleanup action could be implemented in about 1 year or less.

Permanent Reduction of Toxicity, Mobility, and Volume of Constituents of Concern. This
alternative potentially could provide some further permanent reduction of contaminant volume by
incorporating air sparging treatment. Removal and management of soil during construction
provides permanent reduction of this small volume of soil.

Implementability. Significant process testing would be required prior to implementing air
sparging at the property to establish operating criteria and performance objectives. Air sparging
would involve a relatively high degree of complexity because of the requirement for horizontal
drilling and installation of air injection wells beneath the bus tunnel and Union Station.
Installation of the network of air piping would also be relatively complicated due to the
requirement for buried construction to support property use. Services and materials would be
available for implementation of other components of this alternative.

Cleanup Costs. The primary capital cost associated with Alternative 3 is the air sparging
system. Other components of this alternative, including paving and construction soil removal,
are relatively low cost compared to the air spargiﬁg construction. Operation and maintenance
costs for air sparging are also significant and include monitoring, system operation, and
maintenance costs. Other operation and maintenance costs include periodic groundwater sampling

and analysis, property reviews, and maintenance of facilities. The estimated costs are as follows:
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Total capital cost $ 1,700,000
Annual operation and maintenance cost (first 10 years) $ 240,000
Annual operation and maintenance cost (years 11 through 30) $ 20,000
30-year present worth cost $ 3,800,000

Use of Preferred Cleanup Technologies. Air sparging could potentially achieve some
limited reduction of the volume of constituents of concern in the contaminated soil, although this
reduction is not anticipated to be significant. Off-property disposal at an engineered facility,
isolation, institutional controls, and monitoring are the primary actions used to achieve cleanup

standards.

11.4.4.6 Provision for a Reasonable Restoration Time Frame. Property cleanup standards
would be achieved by this alternative upon completion of the paving and institutional control
actions. This alternative would add up to six months onto the time frame for implementation
relative to Alternative 2 due to the requirements for the air sparging system construction. Air
sparging would require ongoing operations for an undefined period of time, potentially achieving
continued reduc'tion of constituents during this time. For FS evaluation purposes, a time frame

of ten years was used for air sparging operations.

11.4.5 Alternative 4

11.4.5.1 Protection of Human Health and the Environment. Alternative 4 would incorporate
excavation and off-property management of accessible contaminated soil to remove contaminated
soil to the maximum extent practicable at the property. Accessible soil is limited to the southern
portion of the property west of the bus tunnel. A significant volume of contaminated soil is
inaccessible for removal and would remain on-property. The relative risk reduction from soil
removal over in-place management would be minimal because the depth and low mobility of the
constituents of concern effectively limits the potential for direct exposure and unacceptable
environmental impacts. Short-term risks to workers and the surrounding community (as well as
the potential for some damage to the bus tunnel, Union Station, and street viaducts, etc.) could

be significant for this alternative. Worker protection would be implemented to minimize contact
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risks, and environmental control measures would be used to limit the release of contaminated soil
during remedial activities. Supplemental air sparging, as well as institutional controls and
monitoring, would be implemented to attempt to further reduce constituents and prevent exposure

to contaminated soil that would remain on-property.

11.4.5.2 Compliance with Cleanup Standards. Certain areas of the property could potentially
achieve a nonconditional cleanup and require no further action; however, residual contamination
would remain under a significant portion of the property. The point of compliance for soil within
the property would be modified to reflect the reduced area where contaminated soil would remain
on-property. The groundwater point of compliance would remain in the same location as the
previous alternatives. This alternative would achieve the cleanup standards associated with a
property cleanup through a combination of soil excavation, air sparging, paving, institutional
controls, and monitoring. As with all the cleanup action alternatives, cleanup levels would be

achieved at the points of compliance.

11.4.5.3 Compliance with Applicable State and Federal Laws. Excavated soil would be
managed in conformance with applicable federal and state regulations. The air sparging process
should not cause any air emissions due to the very low volatility of the constituents of concern,
so air quality regulations are not anticipated to be applicable. Damage to Union Station, a listed

national historic landmark, is 2 concern due to the extensive excavation.

11.4.5.4 Provision for Compliance Monitoring. Soil sampling and analysis would be
conducted to confirm compliance with cleanup levels within the areas of excavation. Air
monitoring would be conducted during excavation to verify conformance with federal, state, and
local air quality regulations. Monitoring would be implemented to confirm long-term compliance
with cleanup standards, performance of the air sparging operations, and adequate protection of

human health and the environment during and after construction.
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11.4.5.5 Use of Permanent Solutions to the Maximum Extent Practicable.

Long-Term Effectiveness. Removal and treatment of contaminated soil to the maximum
extent practicable would permanently eliminate the risk of exposure to the contaminated soil that
is accessible for excavation. Paving, in conjunction with institutional controls, would provide
effective protection against potential exposure to the remaining contaminated soil. Air sparging
would potentially achieve some reduction of the volume of constituents of concern in the
contaminated soil, although this reduction is unlikely to be significant and is not capable of
achieving soil cleanup standards. The residual risk associated with the remaining contaminated
soil would be low because of its depth and limited mobility and would be effectively controlied
by ongoing monitoring and institutional controls. ‘

Short-Term Effectiveness. The short-term risks associated with Alternative 4 are higher
than previous alternatives because of the very large excavation and handling of the large volume
of contaminated soil. Short-term exposure to workers and the community during property
earthwork and construction of the air sparging system would require implementation of proper
construction techniques and appropriate health and safety procedures to minimizes these risks.
The cleanup action would be constructed in about 2 years

Permanent Reduction of Toxicity, Mobility, and Volume of Constituents of Concern. This
alternative provides permanent reduction of the volume and toxicity of constituents of concern
through removal of accessible contaminated soil. The air sparging treatment could potentially
provide some further permanent reduction of contaminant volume, although the level of reduction
is not anticipated to be significant.

Implementability. Alternative 4 has a very high degree of construction difficulty because
of the very large, deep excavation required to remove the accessible contaminated soil, which is
located below the groundwater table. The excavation would require an extensive shoring and
monitoring system to support soil excavation adjacent to the bus tunnel, Union Station, and
clevated street viaducts. In addition, implementation of the air sparging system would require
significant process testing and would involve a relatively high degree of complexity because of
the requirement for horizontal drilling and installation of air injection wells beneath the bus tunnel

and Union Station.
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Cleanup Costs. The primary capital costs associated with Alternative 4 include excavation
shoring systems, soil excavation and off-property management, excavation backfilling, and air
sparging system construction.  Operation and maintenance costs for air sparging are also
significant and include monitoring, system operation, and maintenance costs. Other operation and
maintenance costs include periodic groundwater sampling and analysis, property reviews, and

maintenance of facilities. The estimated costs are as follows:

Total capital cost | $ 20,900,000
Annual operation and maintenance cost (first 10 years) $ 200,000
Annual operation and maintenance cost (years 11 through 30) $ 10,000
30-year (present worth) cost $ 22,600,000

Use of Preferred Cleanup Technologies. Constituents of concern in the accessible
contaminated soil would be permanently removed from the property. Air sparging could
potentially achieve some limited reduction of the volume of constituents of concern in the
contaminated soil, although this reduction is not anticipated to be significant, Isolation,

institutional controls, and monitoring are the primary actions used to achieve cleanup standards.

11.4.5.6 Provision for a Reasonable Restoration Time Frame. This alternative, which is
expected to require up to about 2 years to construct, results in a longer restoration time frame
relative to other alternatives. Cleanup standards associated with a property cleanup for the portion
of the property where soil is removed would be achieved after completion of excavation. Property
cleanup standards would be achieved by this alternative upon completion of the paving and
institutional control actions in areas where contaminated soil remains. This alternative would add
up to 1% years onto the time frame for implementation relative to Alternative 2 due to the
requirements for soil excavation and air sparging system construction. Air sparging would require
ongoing operations for an undefined period of time, potentially achieving continued reduction of
constituents during this time. For FS evaluation purposes, a time frame of ten years was used for

air sparging operations.
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11.5 COMPARISON OF ALTERNATIVES

This section presents a comparative evaluation of the individual alternatives relative to each
of the MTCA evaluation criteria. The comparative analysis includes a description of the strengths
and weaknesses of the alternatives relative to one another for each criterion. Table 11-3 presents
a summary matrix of the results of the comparative analysis of alternatives, including a ranking
in descending order of performance for each evaluation criterion. The numerical ranking
presented on Table 11-3 provides a relative comparison of the alternatives but does not represent

a numerical basis for selecting an alternative.

11.5.1 Protection of Human Heath and the Environment

Each alternative would be protective of human health and the environment and achieve
cleanup standards associated with a conditional property cleanup. Each alternative eliminates the
potential for exposure to contaminated soil through paving, institutional controls, and monitoring.

Alternative 4, which includes accessible soil excavation, provides the highest degree of
overall reduction of potential impacts from approximately 2 acres of the property and would
potentially achieve a complete cleanup in certain areas of the property. This alternative, however,
also has the highest degree of short-term human health and environmental impacts during
construction and poses significant potential disruption of surrounding activities and damage to
adjacent structures. Alternatives 3 and 4 implement in situ treatment of contaminated soil, which
may achieve some small long-term reduction of contaminant concentrations; however, these in

situ processes are not expected to achieve cleanup levels in the contaminated soil.

11.5.2 Compliance with Cleanup Standards

Each alternative would achieve the cleanup standards associated with a property cleanup
through a combination of institutional controls and monitoring. For all alternatives, groundwater
cleanup levels would be achieved at the points of compliance. Each alternative would reduce the
potential for ingestion or direct contact with contaminated soil containing constituents of concern
above cleanup levels and would prevent ingestion of or direct contact with groundwater containing

constituents of concern above cleanup levels (if exceedances oceur in the future).
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11.5.3 Compliance with Applicable State and Federal Laws

Alternative 4 poses a risk of damage to Union Station, a listed national historic landmark
and, thus, may not be in compliance with an applicable federal law, the National Historic
Preservation Act. Alternatives 1 through 3 would comply with legally applicable requirements
of state and federal laws. Excavated soil would be managed in accordance with applicable federal,
state, and local requirements, and worker health and safety procedures would be implemented as

required.

11.5.4 Provision for Compliance Monitoring

Each alternative provides for appropriate and required monitoring, including: 1) protection
monitoring to confirm that human health and the environment are adequately protected during
remedial construction and operation periods; 2) performance monitoring to confirm that the
cleanup standards associated with a property cleanup have been attained; and 3) confirmational

monitoring to confirm the long-term effectiveness of the cleanup actions.

11.5.5 Use of Permanent Solutions to the Maximum Extent Practicable

11.5.5.1 Long-Term Effectiveness. The accessible soil excavation included as a part of
Alternative 4 would achieve the highest level of long-term effectiveness through removal and
treatment of contaminated soil from 25 to 30 percent of the property, resulting in a slightly lower
level of residual risk relative to the other alternatives. The reduction of risk by excavation
proposed in Alternative 4 is not significant because the areas with the highest detected
concentrations would remain at the property; therefore, removal would not significantly alter the
potential risk posed by property soil. The institutional controls and monitoring measures included
in each alternative effectively minimize the limited potential risk to direct exposure to residual
contaminated soil at the property. Alternatives 3 and 4 implement in situ treatment of
contaminated soil, which may achieve some limited long-term reduction of cPAH concentrations;

however, these processes are not expected to significantly enhance long-term effectiveness.
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11.5.5.2 Short-Term Effectiveness. Alternative 4 poses the highest short-term risk due to the
large-scale excavation action and construction duration and is ranked lowest for this evaluation
criteria. Alternative 3 also poses an increased short-term risk due to the intrusive activities
beneath existing structures associated with construction of the air sparging system. The short-
term risks to human health and the environment during implementation of any of the cleanup
actions would be effectively managed through worker protection, environmental control, proper

construction techniques and engineering controls, and appropriate health and safety procedures.

11.5.5.3 Permanent Reduction of Toxicity, Mobility, and Volume of Constituents of
Concern. Alternative 4 provides permanent removal of the accessible contaminated soil,
providing a higher level of permanence than the other alternatives. However, due to the
inaccessibility of soil beneath existing structures, some of the most contaminated soil would
remain at the property. The air sparging treatment included in'Alternatives 3 and 4 could
potentially provide some further permanent reduction of contaminant volume, although the level
of reduction is questionable, based on results with cPAH compounds, and is not anticipated to be

significant.

11.5.5.4 Implementability. The soil excavation activities associated with Alternative 4 pose the
highest level of construction complexity, potential for damage to adjacent structures, and
disruption of activities in the area. Alternative 4 has a high degree of construction difficulty
because of the very large, deep excavation required to remove the accessible contaminated soil,
which is located below the groundwater table and associated groundwater control. Significant
process testing would be required prior to implementing the air sparging measure in Alternatives 3.
and 4, and the air sparging construction would involve a relatively high degree of complexity
because of the requireinent for horizontal drilling installation of air injection wells and subsurface
air piping. The actions included in Alternatives 1 and 2 are considered straight forward to

implement.
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11.5.5.5 Cleanup Costs. The cost of implementing the cleanup actions increases in magnitude
for Alternatives 1 through 4. The estimated cost ranges for each cleanup action alternative are
summarized in the text sections and are supported by detailed estimates presented in Appendix K.
These cost estimates have an order of magnitude accuracy (approximately -30 percent to +50
percent of estimated cost) and are primarily intended to display the estimated cost of an alternative
relative to other alternatives. The estimated cost of the alternative includes the capital
construction costs and the operation and maintenance cost for the duration of the action. Cost
differences associated with the various alternatives are significant. Alternative 4 is the highest
cost alternative ($22,600,000) primarily due to the extensive soil excavation and disposal
activities. Alternative 3 ($3,800,000) has a significantly higher cost relative to Alternative 2
($1,200,000), due to implementation of the air sparging measure. Alternative 1's cost is lowest
($700,000). 4

Figure 11-5 shows the relative reduction in risk of direct contact exposure with the four
alternatives. Each of the alternatives has an excess cancer risk of less than 10°. The additional
cost for® Alternative 2 is associated with a reduction in risk from paving that isolates the
contaminated soil and removes the direct contact pathway. Alternatives 3 and 4 show no
additional reduction in direct exposure risk yet have a substantial additional cost for
implementation of the alternative. Accordingly, Alternatives 3 and 4 are rejected from further
consideration based on their substantial and disproportionate cost compared to their net additional

benefit.

11.5.5.6 Use of Preferred Cleanup Technologies. The MTCA highest preference technologies
are implemented in increasing levels for Alternatives 1 through 4. Alternative 4 implements
permanent removal of a portion of the contaminated soil from the property. The air sparging
measure included in Alternatives 3 and 4 could potentially achieve some limited reduction of the
volume of constituents of concern in the contaminated soil, although this reduction is not
anticipated to be significant. Isolation, institutional controls, and monitoring are the primary

actions used to achieve cleanup standards.
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11.5.6 Provision of a Reasonable Restoration Time Frame

Alternatives 1 and 2 result in a relatively quick time frame by achieving the cleanup
standards associated with a property cleanup shortly after completion of the property development
activities. Alternative 3 adds up to 6 months onto the time frame due to the requirement for

- development testing and construction of the air sparging system. Alternative 4, which will require
up to about 2 years, is ranked lowest for this criteria. All cleanup action alternatives assume long-

term institutional controls, because cleanup levels would not be achieved for the contaminated

zone soil within the point of compliance.
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TABLE 11-3

SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES

Alternative 3 Alternative 4
Alternative 1 Alternative 2 In Situ Air Sparging, Paving, Accessible Soil Excavation, Air
Construction Soil Excavation, Paving, Construction Soil Construction Soil Excavation, Sparging, Construction Soil
Monitoring, and Institutional Excavation, Monitoring, and Monitering, and Institutional Excavation, Monitoring, and
Evaluation Criterion® Controls Institutional Controls Controls Institutional Controls
Protection of Human Health and 3 4 4 4
the Environment
Compliance with Cleanup 4 4 4 4
Standards
Compliance with Applicable . 4 4 4 4
Federal and State Laws
Provision for Compliance 4 4 .4 4
Monitoring
" Use of Permanent Solutions to
the Maximum Extent Practicable
Long-Term Effectiveness 1 2 2 3
Short-Term Effectiveness 3 3 2 1
Permanent Reduction of Toxicity, 1 1 2 3
Mobility, and Volume
Implementability . 3 3 2 1
Cleanup Cost 4 3 2 1
Use of Preferred Cleanup Technologies 1 1 2 3
Provision of a Reasonable 3 3 2 1
Restoration Time Frame
Summation of Numerical 31 32 30 29
Rankin%(highest total is most
favorable) )
(a) Numerical ranking ranges from 1 (least favorable) to 4 (most favorable). If all alternatives are equally ranked, each received a ranking of 4.
(b) The summation of numerical ranking is intended to provide a relative comparison of alternatives but is not intended as a numerical basis for selection of

the recommended alternative. The text of the FS report must be reviewed to understand the basis for selection of the recommended cleanup action.
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12.0 PREFERRED CLEANUP ACTION

Based on the evaluation and comparison of cleanup action alternatives, either Alternative 1
or Alternative 2 could accomplish the RAOs. Because Alternative 2 offers a reduction in direct
exposure risk for a relatively small additional cost, Alternative 2 (paving, construction soil
disposal, monitoring, and institutional controls) is the preferred cleanup action for the Union
Station property. The justification for this selection is described in Section 11.2. Applicable
local, state, and federal laws are described in Section 11.3. Sections 11.4 and 11.5 discuss the
recommended alternative with respect to compliance with MTCA threshold requirements,
constituents of concern that will remain on-property, and measures to prevent migration and

contact with those constituents.

12.1 Summary of the Preferred Cleanup Action

The preferred cleanup action for the property consists of the following process options:

Paving - Asphalt-concrete paving and building structures would be placed in undeveloped
areas to completely cover the property to further limit the potential for direct human contact with
any remaining contaminated soil. Pavement and structures currently cover approximately 40
percent of the property. Where building structures are not constructed, asphalt-concrete paving
such as a standard 2- to 3-inch thick Class B asphalt-concrete pavement would be used to support
the planned property use as parking lots and drive ways.

Construction Soil Excavation - This process option includes excavation, testing,
evaluation, and disposal of contaminated soil, if generated during construction activities, to
permanently remove this relatively small amount of contaminated soil from the property.
Measures to minimize excavation of contaminated soil include use of driven piles for foundation
where possible and construction of common utility corridors for buried utilities. Activities that
have the potential to generate contaminated soil include installation of auger-cast piles and
excavation for foundations. For FS costing evaluation purposes, a preliminary estimate of |
approximately 2,000 yd® of contaminated soil is assumed to be removed during construction.
Dangerous waste characteristic testing summarized in RI found that the soil would typically be

suitable for disposal at a permitted Subtitle D municipal solid waste landfill. Pretreatment by
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‘solidification would be implemehted as required to reduce the free-liquid content of the soil to
levels suitable for disposal as a solid waste.

Monitoring - Groundwater monitoring would be implemented at the property to provide
an ongoing assessment of groundwater quality in the shallow groundwater zone. Constituents
detected in groundwater approximate steady state conditions between soil contamination and
groundwater at these 80+ year old conditions. The monitoring program would include quarterly
monitoring for the first year, at which time monitoring would cease if no exceedances of
groundwater quality cleanup levels are identified. Groundwater samples would be analyzed for
PAH compounds, metals, and cyanide to verify that cleanup levels are not exceeded.

The recommended alternative provides for appropriate and required monitoring, including
1) protection monitoring in accordance with a health and safety plan to confirm that human health
and the environment are adequately protected during remedial construction and operation periods;
2) performance monitoring to confirm that the cleanup standards associated with a property
cleanup have been attained; and 3) confirmational monitoring to confirm the long-term
effectiveness of the cleanup actions.

Institutional Controls - Institutional controls are proposed to control direct contact and
other potential eXposures to contaminated soil or property groundwater, if contamination occurs
in the future; to maintain cleanup facilities; and to conduct periodic review of the status of the
property. Institutional controls include restrictive covenants, access controls, and periodic
property reviews. Restrictive covenants would be obtained for the contaminated property to
inform property owners of subsurface conditions, identify the procedural requirements for
subsurface activities, and provide for maintenance of facilities and equipment installed for the
selected cleanup action. These covenants would condition (but not preclude) future development
by requiring compliance with applicable environmental standards. "

Institutional controls would also include periodic reviews of property conditions and
preparation of status reports on the effectiveness of the property cleanup action over time. This
periodic review and reporting is a requirement of MTCA (WAC 173-340-420). The assessment
of property status would include a summary of any problems encountered and corrective action
taken. Periodic reviews would be conducted no less frequently than every 5 years after the

initiation of the cleanup action.
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12.2  Justification for Selecting Preferred Cleanup Action

The preferred cleanup action effectively and permanently protects human health and the
environment by: 1) effectively preventing any potential direct contact with contaminated soil, 2)
managing contaminated soil generated during construction in compliance with applicable
regulatory requirements, and 3) providing for institutional controls and monitoring.

The primary risk associated with the property, direct exposure to contaminated soil, would
be effectively controlled through paving, property development, and institutional controls. There
is no reason to believe 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 immuobile, as evidenced by the fact
that there are no exceedances of groundwater quality standards at the downgradient property
boundary. Consequently, there is little real risk of migration or potential impacts to groundwater
quality.

The property represents a very valuable resource to the area in terms of development.
Current property use includes a municipal bus tunnel, an historic building (Union Station),
parking lots, public streets (including sections of the South Jackson Street and 4th Avenue South
viaducts) and sidewalks. The proposed development plan would further enhance the area through
developing valuable commercial uses. The recommended cleanup alternative is congruent with
the planned property development. Other cleanup alternatives may jeopardize the existing
structures and the planned property development. Key public structures exist at and adjacent to
the property that cannot be impacted by the cleanup action. It is infeasible to disrupt the
operations of the bus tunnel or the public streets or to destroy Union Station to implement cleanup
actions. Consequently, no cleanup action would be undertaken that posed a risk to the operations |
and function of these structures. |

Excavation of the accessible portion of the contaminated soil was not considered applicable
due to the technical impracticability of excavation adjacent to the existing bus tunnel, South
Jackson Street and 4th Avenue South viaducts, and the risk of damage to the Union Station
building. In addition, the increased short-term environmental and human health risk, disruption

of the area, and very high cost compared to the minimal decrease in long-term risk, make the
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iﬁcremental cost for excavation substantial and highly disproportionate to the incremental degree
of protection provided. Removal of contaminated soil from approximately 30 percent of the
property would not significantly alter the potential risk posed by the property soil.

Due to the very stable nature of the cPAH constituents of concern at the property, the -
effectiveness of in sjtu treatment processes (such as air sparging) would be very limited and is not
considered appropriate for the property. There are no published reports of full scale air sparging
programs for biodegradation of high molecular weight PAH (cPAH). Additionally, certain PAH
compounds strongly adsorb to the organic soil matrix and would not be effectively degraded by
biological activity. Air sparging could potentially achieve some small reduction of the volume
of constituents of concern in the contaminated soil; however, this reduction would not tangibly
reduce the risk to human health and the environment or enhance long-term effectiveness and is
not capable of achieving‘ soil cleanup standards.

The recommended cleanup action would effecfively achieve the property RAOs and
cleanup standards, permanently limit the potential for exposure to contaminated soil, and provide
permanent protection of human health and the environment from potential risks posed by the

property.

12.3 Applicable Local, State, and Federal Laws

The recommended alternative would comply with applicable local, state, and federal laws
and regulations, including MTCA, which is the primary regulation that establishes the
requirements and standards for the cleanup action. In addition to MTCA, the alternative would

comply with applicable regulations addressing waste management for excavated soil.

12.4 Compliance with MTCA Threshold Requirements

The recommended cleanup action complies with MTCA threshold requirements, including
protection of human health and the environment, compliance with cleanup standards associated
with a property cleanup using containment, compliance with applicable state and federal laws, and
provision for compliance monitoring. The alternative would protect human heath and the
environment through permanent control of potential exposure- to contaminated soil through paving,

institutional controls, and monitoring. Cleanup levels would be achieved at the points of
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compliance upon completion of the cleanup action construction. The cleanup action would be
constructed and operated in compliance with applicable local, state, and federal laws. Protection,
performance, and confirmational monitoring programs would be implemented to confirm adequate
protection of human health and the environment during and after construction to confirm and

compliance with the cleanup standards in the future,

12.5  Constituents of Concern to Remain On-Property and Measures to Prevent Migration and
Contact
The preferred cleanup aiternative would provide for permanent control of potential
exposure to contaminated property soil; however, concentrations of some soil constituents would
be above soil cleanup levels. This residual soil contamination extends to depths of up to 25 ft
BGS and is relatively immobile and insoluble, as demonstrated by the RI results. Groundwater

quality would be monitored as necessary to demonstrate achievement of cleanup standards.
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TABLE 11-1

EVALUATION OF GENERAL RESPONSE ACTIONS, TECHNOLOGIES, AND PROCESS OPTIONS FOR SOIL

Page 1o0f4

Remedial Action General Response Remedial o T T ) - = - - - .
Objectives Actions Technology Process Options Effectiveness Implementability Cost
Restrictive Restrictive Restrictive covenants could be effective in protecting Restrictive covenants can be implemented at the _ Cost directly associated with this option
|— Covenants Covenants human health. property. would likely be low.
Institutional Controls '
Access controls are applicable for contamination A stricti h as fencing are alread
Access Controls Access Controls [T shallower than 15 ft BGS. The property also has I ccesstretst;:c 1on: Slllc as Ienc gare already — Cost likely to be very low.
contaminated soil at depth greater than 15 ft BGS, present at the central parce.
Prevent Ingestion/ . .

. . e . . ] Monitoring costs for groundwater
Dl_reci Contact with I Groundwater Sampling and I Momtc.mng would be protective of 1_'u:1man health. —— Monitoring would be technically feasible to —— Ssampling and analysis and monitoring
Soil Above Cleanup Monitoring Monitori - Potential exposures would be identified and could be - .

onitoring Analysis conduct at the property. well construction and maintenance would
Levels addressed. b
e moderate.
Asphalt caps have been effectively implemented
] Asphalt capping would provide proven capability to for capping actions and would be consxstgnt with Asphalt paving cost woulfl be low
Asphalt Paving . : . : - — current development plans. Asphalt cap ismore — compared to concrete paving, and would
prevent direct human contact with contaminated soil. . .
compatible with planned development than a be a moderate cost overall.
geomembrane cap.
s, e R . cq . s Cost of concrete capping would be high
Containment Capping - Contrete Paving =~ |—— Concrete capping would provide similar protectiveness ____ ConcretP: caps l}ave been effectively implemented __ relative to asphalt paving and moderate
T v, s as asphalt capping. for capping actions. overall
SO A T Geomembrane caps have been effectively
. L . os | Ageomembrane cap would provide similar —— implemented for capping actions but are less —_
Geomembrane Cap . - - -
DR E R protectiveness as asphalt capping compatible with development plans than an
Tan T . . . asphalt cap.
. . Air sparging for stimulation of in situ biodegradation of Air sparging could l.)e 1mp |emente.:d at the .
Air Sparging and . L - property. The location of contamir.ated soil . : :
I L cPAH may provide some limited reduction in soil —_ s —— Airsparging would be a high cost
. Biological Treatment Enhanced . . beneath the bus tunnel and Union Station would .
- . . concentrations; however, it would not be capable of . . g cleanup action.
Biodegradation o . require horizontal sparge wells, which would be
achieving soil cleanup levels. diffi :
ifficult to implement.
R T SR T " Not applicable to property conditions as constituents of
[~ | Physical Treatment - Soil Flushing concern are reiatively insoluble. Solvent agents would ~ —— Not applicable. — Not applicable.
E s ' cause undesirable mobilization of constituents.
In Silu Treatment
—1 . Stabilization - . . Pozzolanic Processes [ Not app I1ca!ble to pr(IJp.er'ty condi‘nons as th_e ma}lont.y .Of Not applicable. T Not applicable.
- ST T == | - ———the contaminated soil is.inaccessible to in situ soil mixing. i i )
I A N Not applicable to property conditions as vitrificationis ____ . —_ .
; t - licable. Not le.
_The-r_r_\x}xal Treatmen Vitrification not feasible for soil below water table. Not applicable ot applicable.

Shading denotes response action, technology, or process option not carried forward.
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TABLE 11-1

EVALUATION OF GENERAL RESPONSE ACTIONS, TECHNOLOGIES, AND PROCESS OPTIONS FOR SOIL

Page 2 of 4

Remedial Action General Response Remedial
_Objectives Actions Technology Process Options Effectiveness Implementability Cost
___| Construction Soit Construction Soil | Removal .0 f contaminated .5011 + if encountered during Removal of contaminated construction soil, if — Removal of contaminated construction
, . . construction, would effectively prevent future exposure . . . .
Excavation Excavation/Disposal to this soil feasible to implement. soil would be a moderate cost action.
|| .-~ Shallow Soil Shallow Soil | Shallow soil excavation is not applicable to the property, ____ . _ .
Excavation Excavation/Disposal as contaminated soil depth is greater than 15 ft BGS. Not applicable. Not applicable.
. Excavation
Prevent Ingestion/ Incineration and blending of soil for fuel could be Cost of incineration/ fuel blending would
Direct Contact with EPTIRER : Incineration/Fuel o effective in destroying constituents of concern; however, The requirement for dewatering of the soil prior be a very high cost scil management
Soil Above Cleanup [ | Thérmal Treatment - " Blending. [ total organic concentrations of property soil (<5%) are T toincineration/fuel blending creates significant — option. Small volumes and organic
Levels " e Sending significantly less than those for which this technology is difficulty for implementation. content of soil are not cost-effective to
(continued) Ex Situ Treatment typically used (>50%). incinerate.
Dis ) Solidification would be effective in reducing free liquid
posa content of soil to levels acceptable for landfill disposal. Cost of solidification would be a lower
Solidification/ Stabilization is not required as constituents of concern This process can be implemented for the

Stabilization

' ‘l?iological Processes

Pozzolanic Processes

Bioremediation/
Landfarming

Off-property
Disposal

- RCRA Subtitle C

. Disposal Facility

Shading denotes response action, technology, or process option not carried forward.

_ e _

Solid Waste
Subtitle D Disposal
Facility

are not leachable.

Fungal remediation and biodegradation of PAH may
provide some timited reduction in soil concentrations;
however, test results are not conclusive for effectiveness
for reduction of high molecular weight PAH and it
would not be capable of achieving soil cleanup levels.

The soil is typically not a dangerous waste and,

therefore, is not required to be disposed at a Subtitle C

facility.

Disposal of excavated soil at a Subtitle D facility would
provide a reliable and permanent disposal option for

excavated soil.

excavated property soil.

Bioremediation would require transportation to
an off-property facility specifically constructed
for landfarming and would require a long time
frame (greater than 5 years) of operation.

Not applicable.

Solidification of the soil may be required to
reduce the free liquid content of the soil prior to
disposal.

cost treatment process than incineration
— and would be a high cost cleanup action

overall.

- Bioremediation would be a very high cost
soil management option.

Not applicable.

—— Off-property soil disposal would be a
high cost soil management option.

LANDAU ASS0CIATES, INC.
07401796 JA27A0BAOINTABLE. | 11



Remedial Action

TABLE 11-1

EVALUATION OF GENERAL RESPONSE ACTIONS, TECHNOLOGIES, AND PROCESS OPTIONS FOR SOIL

Page 3 of 4

not feasible for soil below water table.

~ Not applicable.

General Response Remedial ) T - - - - - -
Objectives Actions Technology Process Options Effectiveness Implementability Cost
Institutional Controls Restrictive Restrictive See previous evaluation comments for soil contact/ ingestion RAO
Covenants Covenants
Monitoring See previous evaluation comments for soil contact/ingestion RAO
Surface Water Stormwater - Pfdperty Stormwater Surface watfer diversion is not app hcabl(.e to the property, — . P :
NN . as the constituents are relatively immobile and are Not applicable. Not applicable.
Diversion . Conveyance Conveyance System
N : i : located below the groundwater table.
Capping [~ See previous evaluation comments for soil contact/ ingestion RAO .
Prevent Migration of
IHS to Off-property Containment
Groundwater and
f t . P
Surface Water S : Ao A barrier wall is not applicable for the property as the
-, :Downgradient : Slurry or Sheet Pile | __ - ] . . : —_— ; —_— .
. RS ‘ constituents are relatively immobile and have not Not applicable. Not applicable.
- Vertical Barrier -~ Cutoff Wall . .
: - o T migrated into off-property groundwater.
Air sparging ‘or stimulation of in situ biodegradation of Air sparging could be implemented at the
Air Sparging and cPAH may provide some limited reduction in soil property. The location of contaminated soil Air sparging would be a high cost
Biological Treatment Enhanced [~ concentrations and, thus, reduce leaching potential; ~ beneath the bus tunnel and Union Station would —— parg g &
. . . . : - cleanup action.
Biodegradation however, groundwater currently meets cleanup levels at require horizontal sparge wells, which would be
the point of compliance. difficult to implement.
o ‘ Not applicablz to property conditions as constituents of
[— | Physical Trealmehf - Soil Flushing — concern are relatively insoluble. Solvent agents would ~— Not applicable. ~ Notapplicable.
N : cause undesirable mobilization on constituents.
In Situ Treatment
[~ | Stabilization - Pozzolanic Processes [ Not ap phcefble to prf:;fex:ty COndl'hons as th.e ma]_ont_y o fr— Not applicable. ™ Not applicable.
- : the contaminated soil is inaccessible to i situ soil mixing.
' Thermal Treatment Vitrification - Not applicable to property conditions as vitrificationis  ____ Not applicable.

Shading denotes response action, technology, or process option not carried forward.

LANDAU ASSOCIATES, INC.
046/25/96



EVALUATION OF

TABLE 11-1

GENERAL RESPONSE ACTIONS, TECHNOLOGIES, AND PROCESS OPTIONS FOR SOIL

Page 4 of 4

Remedial Action General Response Remedial o7
Objectives Actions Technology Pracess Options Effectiveness Implementability Cost

r CO[;:;:&;IS::D‘I See previous evaluation comments for soil contact/ingestion RAO.

Prevent Migration of Excavation o Shallow Soi:I o : : 5 i i

IHS to Off-property — 7 Excavation See previous evaluation comments for soil contact/ingestion RAQ.

Groundwater and Ex Situ Treatment il ’ _
Surface Water
(continued)
Disposal

Accessible Soil
Excavation

Shading denotes response action, technology, or process option not carried forward.

Accessible Soil
Excavation

Accessible soil excavation would be effective in
removing approximately 25 to 30 percent of the
contaminatec. soil from the property; however, existing
structures would prevent soil removal of the majority of
the contaminated soil, requiring additional cleanup
measures for residuals.

See previous evaluation comments for soil contact/ingestion RAQ

See previous evaluation comments for soil contact/ingestion RAQ

Could be implemented with significant
disruption to the property and surrounding
areas. Depth and quantity of accessible
contaminated soil, and existing property
structures, pose significant difficulty for
implementation. Requires significant shoring to
protect adjacent structures.

Soil excavation would be a very high cost
cleanup action for the property

LANDAU ASSOCIATES, INC.
06/25/9%



TABLE 11-2

EVALUATION OF GENERAL RESPONSE ACTIONS, TECHNOLOGIES, AND PROCESS OPTIONS FOR GROUNDWATER

Remedial Action General Response Remedial
Objectives Actions Technology Process Options Effectiveness Implementability Cost
Institutional Controls Restrictive Restrictive —— Restrictive covenants could be effective in protecting Restrictive covenants can be implémented atthe _ Cost directly associated with this opticn
Prevent Ingestion/ Covenants Covenants human health. property. would likely be low.

Direct Contact with
Groundwater Above " .

Cleanup Levels Monitoring would b tective of h health onitoring costs for groundwater

o G li d oring would be protective of human health. . L s
Monitoring h&o;:\l}i’v:;tger Sa?ﬁ;& %izn Potential cleanup level exceedances would be identified =~ Monitoring can be implemented at the property. sampling and analysis, and monitoring

Shading denotes response action, technology, or process option not carried forward.

and exposures could be addressed.

well construction and maintenance would
be moderate.

LANDAU ASSOCIATES, INC.
06/25/96 JAZNONSNMINTABLE 112
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APPENDIX A
GROUNDWATER SAMPLE COLLECTION METHODS .
WELL INSTALLATION/WATER LEVEL MONITORING

PREVIOUS SOIL AND GROUNDWATER SAMPLING METHODS

Previous property investigation sampling methods (soils and waters) at Union Station are
described in each of the individual documents as listed in Section 4.1 Seoil Quality

Investigations.

GROUNDWATER WELL INSTALLATION/WATER LEVEL MONITORING
FOR RECENTLY INSTALLED WELLS

The following sections discuss the procedures used to install the three new monitoring

wells downgradient of the Union Station property, as shown on Figure 2-2.

Well Installation and Construction

Three monitoring wells were drilled and installed using hollow-stem auger drilling
equipment. The wells were constructed with 2-inch-diameter schedule 40 PVC riser pipe and
a 10-foot PVC screen (0.010-inch slot size). The well screens were installed across the water

table, with the tops of the well screens at a depth of approximately 5 feet below ground surface.

The driller steam cleaned the casing and screen prior to installation. Well completion
was proceeded by lowering the well screen and riser down through the hollow-stem auger

casing. As the casing is withdrawn, the driller placed No. 20/40 silica sand or equivalent in the




Hart Crowser
J-4515

annular space from the base of the boring to approximately 0.5 foot above the top of the screen.

The depth to the top of the sand pack was sounded periodically to ensure proper placement.

Well seals were constructed by placing bentonite chips in the annular space on top of the
- filter sand to within approximately 1 foot of ground surface. The bentonite chips were wetted
to allow hydration in-place for at least 20 minutes. The remainder of the annular space was
backfilled with concrete to complete the surface seal. Wells were completed as flush mounts

at all locations.

Monitoring well construction details were documented on a monitoring well installation
report form presented on Figures B-2 through B-4. Following these logs are a compilation of

explorations logs from previous investigations'.
Well Development

The newly installed monitoring wells were developed using a pre-cleaned electric
submersible pump. Casing volumes for the wells ranged from 1.36 to 1.76 gallons. Water
added during drilling was removed during development. Well development proceeded until the
extracted water was relatively non-turbid. Sediment thickness at the base of the well was
measured and recorded during development on a data form prepared for that purpose. Visual
chahges in turbidity during development were recorded in the comments space on this form.
NAPL was not encountered during well installation or development. Since there was no visual

contamination, the water was discharged in the vicinity of the well.
Water Level Measurements

Water level measurements were collected from the three new monitoring wells and the
two older upgradient wells prior to sampling. The water level measurements were collected

using an electronic water level probe. Depth to water from the top of PVC casing (to the

A-2
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nearest 0.01 foot), the date, and time of measurements were recorded. Water level

measurements are summarized in Table 3-1.

The water level probes were cleaned with Alconox and tap water and wiped with a clean

paper towel before each measurement was made.

Groundwater Sampling Procedures

This section discusses the equipment and procedures for groundwater sampling.

Groundwater samples were collected from each of the wells installed as part of this project.

Groundwater Sampling Equipment

The equipment used for the collection of groundwater samples included:

. pH, temperature, specific conductance, and dissolved oxygen meters;
. Electronic well sounder;
. Peristaltic pump with disposable silicone and polyethylene tubing and 0.45 micron

in-line filters;

. Laboratory-supplied precleaned sample containers with labels and appropriate

preservatives added;
. Ice chest and blue ice;

. Hart Crowser Groundwater Sampling Data form; and
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o Hart Crowser Sample Custody Record. ;
Groundwater Sampling Procedures
Groundwater samples were collected using the following basic procedures:
. Prepare the sampling property by laying out plastic around the base of monitoring

well and document the general condition of the well on the Groundwater

Sampling Data Form;

. Measure water levels in the well and calculate the volume of water within the
well casing;
. Purge three casing volumes of water from the well using a peristaltic pump.

During purging, field parameters (pH, temperature, specific conductance, and
dissolved oxygen) were measured foliowing removal of one, two, and three
casing volumes. Purge water was handled as outlined for development water (see
Well Development section above). All readings were recorded on the

Groundwater Sampling Fom;

. Once purging was completed, groundwater samples were collected using a

peristaltic pump.

. Sample bottles for volatile organic analys-is (VOA), were slowly filled with water,
capped, inverted, and tapped to check for remaining air bubbles. Samples for
dissolved metals analysis was filtered in the field using a peristaltic pump with

in-line 0.45 micron filter;

A4
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Once filled, each bottle was capped and placed into coolers with Blue-Ice. VOA
bottles were placed in foam holders to prevent breakage. These bottles were kept
away from direct contact with the Blue-Ice to prevent freezing of the sample

water; and

At the end of each sampling day, the samples were delivered to the appropriate

analytical laboratory using standard chain of custody procedures.
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APPENDIX B

BORING LOGS AND
CONSTRUCTION DATA FOR
MONITORING WELLS




Key to Exploration Logs o

Sample Description

Classification of soils in this report is based on visual field and taboratory observations which include density/consistency,
moisture condition, grain size, and plasticity estimates ond should not be construed to imply field nor laboratory testing
unless presented herein. Visual-manual classification methods of ASTM D 2488 were used as on identification guide.

L

Soil descriptions consist of the following:
Density/consistency, moisture, color, minor constituents, MAJOR CONSTITUENT, odditional remaorks.

Density/Consistency
Soil density/consistency in borings is related primarily to the Standard Penetration Resistonce.
Soil density/consistency in test pits is estimated based on visual observation and is presented parenthetically on the test pit logs.

he.pep

1=1

SAND or GRAVEL Penetsotion ' SILT or CLAY Bonegilon gppeymate
Density ﬁeséféx"’:???o(o'{) Consistency . ﬁlesaifgar;?%O(oq) itr?ggih
Very loose 0- 4 Very soft . 0= 2 <0.125
Loose 4 — 10 Soft 2—- 4 0.125- 0.25
Medium dense 10 — 30 Medium stiff 4- 8 0.25 — 0.5
Dense 30 - 50 Stiff 8—-15 05 —-1.0
Very dense >50 Very stiff 15 — 30 1.0 —-20
Hard >30 >2.0
Moisture Minor Constituents : Estimated Percentage
Dry Little perceptable moisture ’ ' Not identified in description c- 5
Domp Some perceptable moisture, probobly below optimum Slightly (clayey, silty, etc.) 5-12
Mcist Probably near optimum moisture content Clayey, silty, sandy, gravelly 12 - 30
Wet Much perceptable moisture, probably obove optimum Very (clayey, silty, etc.) _ 30 — 50
Legends Test Symbols
Sampling Test Symbols GS  Grain Size Classification
BORING SAMPLES TEST PIT SAMPLES CN . Consolidation
@ Split Spoon [g Grob (Jar) TUU  Triaxial Unconsolidated Undroined
Shelby Tube E Shelby Tube TCU  Triaxial Consolidated Undrained
TCD  Triaxial Consolidated Drained
l]]]] Cuttings [Z Bag Qu Unconfined Compression
[I]  core Run DS  Direct Shear
* No Sample Recovery K Permeabiity '
P Tube Pushed, Not Driven ' PP F:A%cpkr%aifn%qgtrggnrﬁgggssive Strength in TSF
M B?prsgg)ﬁmote Shear St'rength in TSF
Groundwater Observations CBR Culifornia Bearing Ratio

MD ° Moisture Density Relationship

Flush Mounted Monument
] AL Atterberg Limits

— Concrete Surface Seal
|—.—-—| P
b— Borehole g Water Content in Percent

. . . | L Liquid Limit
Riser Pipe | Natural
. Plastic Limit

—Bentonite Chips/Grout

ZN\N

Water Level at Time of Drilling PID  Photoionization Reading

CA Chemical Analysis

10/20 Sand Pack

o=1 key 6

e 7
[RVVRITOROMSER
J-4515 5/96
Figure B-1




Boring Log and Cons trdctian Data for |
Monitoring Well HC-101

Geologic Log Monitoring
Well Design
Top of Casing Elevation in Feet: 7.49
©
‘ES_’ Sample N
ac
0 Loose, moist, brown to dark brown, sandy [ ] B n
i GRAVEL with musty odor. (FILL) B i
Loose, moist, gray, silty, fine SAND and ) - / / ]
i sandy, fine SILT with wood debris. (FILL) X L / / ]
5-1 6
| 77
0 N RNy,
5 | s/2/96. _|
i 5-2 X 3 L |
i Very soft, wet, fine sandy SILT with fine N i
sand lenses and a log. (FILL) 5-3 2
i - B Y
ATD
10 = -
— Driving on log. S-4 X 52/11
i Medium dense, wet, gray, silty, fine SAND. B ]
(FILL) 5-5 13
- - —
| Bottom of Boring at i5.5 Feet. L _
Completed 4/13/96.
20— — —
25 = -

Y
1. Refer to Figure B-1 for explanation of descriptions "

and symois HARTCRO
2. Soil descriptions and stratum lines are interpretive mm

and actual changes may be gradual. J=4515 , 4/06

3. Ground water level, if indicated, is at time of drilling
{ATD) or for date specified. Leve! may vary with time. F[gwe B-2




Depth
O in Feet

Boring Log and Construction Data for
Monitoring Well HC-102

Geclogic Log monitDorir_\g
ell Design

Top ot Casing Elevation_ in Feet; 822

Sample N

Very loose, moist, gray, silty, gravelly
SAND. (FILL)

Medium stiff to very soft, moist to wet,

gray SILT with silty, fine SAND layers and S-2 7
scattered wood debris and an odor. B 7
(FILL)

Very loose, wet, gray, silty, gravelly SAND
with a slight odor. (FILL) | s-5

<[ >X] <] X] [X<]

Bottom of Boring at 15.5 Feet. L i
Completed 4/27/86.

re
I. Refer to Figure B-t for explanation of descriptions "

2. Soil descriptions and stratum lines are interpretive wsm
and actual changes may be gradual. J-4515 4/98

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time. Flgw'e B-3




Depth

Boring Log and Construction Data for
Monitoring Well HC—-103

O in Feet

Geologic Log _ Monitoring
Well Design
Top of Casing Elevation in Feet: 8.94
Sample N
Loose, damp, dark gray, silty, sandy ] B ]
] GRAVEL. (FILL) ’ B i
Very loose, moist to wet, dark gray, slightly S-1 X 3 i 1
B silty, gravelly SAND. (FILL) | i
- ]
i s-2 X 2 | i
Y
| B 5/2/96.
] s-3 X 2 i ]
4 L K, _
| ATD
Very locse, wet, dark gray, gravelly, silty
B to very silty, fine SAND with scattered S-4 1 B _
wood debris. (FILL) :
7 S-5 X 6 " ]
15— ‘ — e o _
N Bottom of Boring at 15.5 Feet. N |
Completed 4/27/96.
20 L |
25— L _
re
1. Refer to Figure B-1 for explanation of descriptions "
and synool HARTCRO
2. Soil descriptions and stratum lines are interpretive mm
and actual changes may be gradual. J~4515 4/95

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time. Flgure B~-4
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PREVIOUS EXPLORATION LOGS
WHERE CHEMICAL DATA
WERE COLLECTED



Boring Log HC-1

SOIL DESCRIPTIONS

Bround Surface Elavetion in Fest 9,7 (city Datus)
Moist, tan, silty SAND. (FILL)

& inch wood

Madium denss, wet, gray-black, asilty
SAND and soft CLAY. (FILL)

Strong chamical odor between 9 and
faet.

Loose, wet, gray, slightly gravelly,
silty SAND with coasl and ash. (FILL}

Loose to dense, wat. gray, slightly
ailty to silty, fine SAND with
abundant shells and occasional wood.

Madium stiff tc very stiff, wet,
gray, sandy, ‘gilty CLAY with lenses
of silty. sandy GRAVEL.

- Organics

n

m

L R L I |

Depth
in Feet
0 .

10

40

45

50

%
Klg

E

<
n

o
I

12720085

STANDARD PENETRATIDN
RESISTANCE
Sampla ABlows per Fuolt.: - S
T T H"T
5—12 : ‘\
wX| |
P
= ‘r/‘
S—!Z ™ ‘{“
s"‘Z - A
A
&az:: )
9-72 : i
S-GZ - - \ o
LN
B-QZ : \‘7‘

sl |

§-11 Z -

et | ||l

5—142 3

il

Jjﬂh

J-1636

("] [ ]
@ ¥Watsr Content in Parcant

December

LAB
TESTS

1885

HART-CROWSER & associates, inc.

Sheet 1 of 2

Figure A-2
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Boring Log HC-1

SOIL DESCRIPTIONS

@round Surface Elavation in Fest 9.7(City Datus)

Medium stiff to varg gtiff, wet,
gray, sandy, silty CLAY with lanses
of silty, sandy GHAVEL., ~

Mesdium densa, wet, gray, silty,
gravelly SAND.

Vary soft to stiff, wet, gray. silty,
clayu! SAND and sand{. si t! CLAY
with lenaes of gravelly., silty SAND.

Vor! danse, moist to wat, gray,
8ilty SAND with lenses of silty,
gravelly SAND.

Very dense, moist, fray. silty,
sandy GRAVEL. (TILL

Bottom of Boring st 102.8 Feet.
Completed 12/11/85.

Observation well installed in HC-1A
adjacent to HC-1 boring location.

i. Rafer to Figure A-1i for axplanation of ducrip:lnnn

snd symbols

2
L L L L L]

1] 14;9

T

TV ¥ 7T 7T 1T T 17T 17777

T ¢+ ¥ T Tt

L

LIS

o

T
335

st

70

100

i03

110

148

120

2. Soil descriptions and stratul lineas srs intsrpretive

and actual changss say be

radual.
3. 6round watsr lavel, Af !na!clt-u. is st time of drilling
{ATD] or for date spscified. Lavel msy vary with tios.

Sasple

§=15 X

§~46. Z

§-17|

STANDARD PENETRATION
RESISTANCE

ABlows par Foot

g-19

X

s-21

<]

v

J-1636

/ 'T'“
. 1q/ .
i
- i
A -
A AHTe
; N
]
[ N\
s N
s i
I
. . A -22
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- </ !
- \\
[ i
- N‘ 50-
5
" S [ JBRE’
@ Watar Content in Percent
December

LAB
TESTS

1985

HART-CHROWSER & associates, inc.

Sheet 2 of 2

Figure A-2



Boring Log HC-2

SOIL DESCRIPTIONS

Ground Surfsce Elevation in Fest B.2(City Oatum

Moist, brown., silty SAND.- (FILL) .

Loose. wat, gray, slightly grevelly,
varl Bilt SAND and medium stiff,
sllty CLAY with occasjonal brick and
wood fragments. (FI

- Strong chemical odor hoted batwaen
7 and 14 feet.

Very soft to soft, wast, gray-brown,
clayey SILT with scattersd shells
and roots.

Dense, wat, gray, silty, fins to
madium SAND with occasional shells
and roots

Densa to msdium dense, wet, gray,
8lightly silty, gravelly SAND.

Stiff, wet, brown PEAT.

Dapth
An Faet

-

| D L L L L A )

L L L I L L L L ]

T ¢+ T 1T 7T v 1T T 1T r+t%1

T T ¢ ¥ 1 %

T+ ¢ 1

10

40

12720785 h

HC-2A

STANDARD PENETHATIDN

RESISTANCE
Sampla ABlows par F“.E

L B

T ¥ 1 T

-

LR L

g-8

8=7

-8

5-10

S-14

§-12

§-13 A

5-14

.

5-25

196

J-1636

-4

] -
@ Water Content in Percent

December

LAB
TESTS

AL

1985

HART-CROWSER & associates, inc.

Sheet 1 of 2

Figure A-3




Boring Log HC—2

SOIL DESCRIPTIONS g;glilgﬁchENETnATmN lfégTs
th .
Ground Surface Elsvetion in Fest B.2(city Catum %pFnt Sampls ABlows psr Foot .
- - 80 N
Stiff, wet, gray, silty CLAY, | i
B s-uz 8 f‘ q
+
Medium denss to very dense, wet, : :
gray. slightly gravelly, silty SAND
alternating with ailty, fine SAND. - g1 Z];-
i [ N
T 7
N
: t N
i s-suz i ¢ ‘}‘
T+ 7
A 80
-r 80
- s-20X | =2
< o8
- s-21f< | 45,
= 80
B s-ax B [ ] A 75. -85
Bottom of Boring at 93.9 Fest. i - 11
Completed 12/13/8S. T o8
Observation well installed in HC-2A L s
adjacent to HC-2 boring location, L 5
-+ 100
[ L
- s
- 108
I :
- L
3 r- T
+ 140
-+ 115
- 5
s !
r =
- 120 [ w )
) ® Water Contant in Psrcant
4. Rafer to Fipure A-i for sxplsnstipn of descriptisns J—1535 December 1985

and symbols

2. Boil descriptions snd stratum linss ars intarprative
and sCtual changas aay Be gradual.
. Bround water lavel, if indicatsd. 1is at tize of ﬂr‘ilnng
{ATD) or for dats spscifisd, Level may vary with timss.

HAHT-CRONSEH.& associates, inc.
Sheet 2 of 2 Figure A-3




Boring Log HC—-3

SOIL DESCRIPTIONS

Sround Surface Elavation in Fast 8,2 (City Dstum)
Wet, brown, silty, gravelly SAND.
(FILL) .

Loose to medium dense, wet., gray.
slightly gravelly, slightly silty
%é?ELrith wood and brick fragments.

Strong chemical odor noted between
8 and 9 feet.’

Vary soft to sofi, wet, graz, sllty
%EéLL?ith gseams of very silty SAND.

- Wood chips and coal observed batwesan
17.5 and 19 fest.

Soft, wat, gray, clayey SILT with
abundant shell fragments.

Medium dense to denss, wet, gray,
elightly siltl. fine SAND with
abundant shell fragmenta.

Organic SILT and PEAT.

Madium dense to dense, weat, grag.
slightly gravelly SAND with shell
fragments.

[l

—t

-1
LI L) L B S DR B

LR 1 4 & L L L T

- |

- 0

LR L]

s a 8 B 8

&

LR L L L D L b D v S B S A BER RN SR S A |

Depth
in Fest

12/20/65 h

STANDARD PENETRATION
ARESISTANCE
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Boring Log HC-3

SOIL DESCRIPTIONS

@round Surfacs Elevetion in Fest B.2 (City Datum)

'| Danse, wat, gray. very silt*
with thin seama of clayey SILT,
clean SAND and sandy GRAVEL.

Very desnse, wet, gray, slightly
silty. gravelly SAND.

Bottom of Boring at 83.4 Feet.
Completed 412/12/85,

Observation well installed in HC-3A
adjacent to HC-3 boring location.

L 2R L L . L |

LIS SR DR SN BN NN BEEE NN |

LR L B

LD BN B SENN BN REND SREN DENR NN BENR BRND BRNN BN REED BENN SR SENE NN NERN SREN

pth
Fast
60

d

103

110

145

Rafer to Flwrl A=1 for sxplanstion of ducrintm

and symbola

Soll ullcrlntionl and stratum lines are interprative

and sctual chesnges say bes graduasl,

8round water level, if ind cntud. is st time of drilling
{(ATD) or for date spsciftisd. Level say very with t

High blow count may bs dus to drilling obstruction,
not considsred to reflsct actusl density conditions.

Saxple

i
a5
ealX
-salX

s-20[<]

s-24 <]

STANDARD PENETRATION

RESISTANCE
Aalgul par Foot

J—-1636
HART-CRBOWSER & associates, inc.
Sheet 2 of 2

\ n_ i
- \
™ ®
[ A
_ (\
L I\
I \F
= N a%
i R
: A 5
- » a-52,
-
L
[ [ -
@ ¥ater Content in Psrcant
December

Figure A-4

LAB
TESTS

1985



Boring Log HC-4

SOIL DESCRIPTIONS STANDARD PENETRATION LAB

RESISTANCE TESTS
Saaple ABlows pesr Fun‘ir.‘= - -
" T r

os
20785
HC-4A

h LdIZ!

Ground Surface Elevation in Feet 8.1 {City Detum) eat

Medium dense, wet, pray, silty,
gravelly SAND. (FILL)

| VI
%4

LTI -1

AT 5-1

O]

T ‘ljﬁ‘l—ljsg

Looss, wet, gray, gravelly, very -

811ty SAND with wood debris. (FILL) §=2

—

- Chemical odor noted between 8 and S
feat.
'Var: soft, wet, gray, silty CLAY -+ 10

with layers of soft, sandy SILT,' S-4 4
B»
T i '
K

loose SAND, sawdust and wood debris.
(FILL)

Ty ¥ 17T 101171

S-5

[
DI <L I <L <

T 17 1 1

- Sawdust, coal and ash obsarved at 23| | 5_7§§
|_feet. R h
Vary soft to soft, wet, brown, + 25 b

clayesy SILT with abundant shells and
scattered organics.

L L AL

iy
<1
V,#
L
—e
z

o+ 33
Medium dense to denss, wet, gray, " i
glightly silty SAND with abundant r 940§§ B \
shells and occasional wood. - - N -
—— ‘o N
S \
B s-ssEZ -
L "
-+ 45
i s-:ez T
. L
+ B0
B 943§§ B ;
-
L AL
Stiff, wat, brown, gravelly PEAT 5'14§§15
with organic, clayey SILT. r . B
- 50 e,

[ w [ ] [ ]
® Wator Content in Percent

J-16386 ‘December 1985
‘HART-CHROWSER & associates, inc.
Sheet 1 of 2 Figure A-5




Boring Log HC—4

SOIL DESCRIPTIONS agé';g%?gGEENET RATION lfegTS
Dapt . '
eround Surface Elevation in Feet B.1 (City Datum) innFElt Sampls A.dlows par Fno& - e
Stiff., wet, brown, gravelly PEAT [ & N TTTTT
with orgenic. clayay SILT. i - ’
L §-18 Zi@: ‘( |--? AL
Very soft to stiff, wet, gray, silty
CLAY and claysy SILT with abundant T €5
with abundant shella. ° - 5 N
L s-sz : k ®
<+ 76 H at
L - //
B - L
- v & AN -
T ™ L "N
‘| Medium dense to denss. wet, gray, n!
silty, fine to medium SAND. B - \ .
3 s—saz - \T
- L
T 80
- L
" L
: s-mz : o 4
-T- u \
Hard, wet, gray, clayey SILT with i
layers of sandy SILT. I B \
B s—aoZ - ) ﬁ
< 80
- s-21[X] | s
+ o5
Very dense, wet, gray, slightly i i
silty, sandy GRAVEL. - s-22[X | A=
' ++ 100 -
- NS-Z = “.
Bottom of Boring at 103.5 Feet. - 3 &
Completed 12/1B/85. 4 10m
Observation well installed in HC-4A B
adjacent to HC-4 boring location, i B
T 440
b o
<+ 445
S LU
. ® Hator Contant in Percent
1. m;l:ygnﬁ.nuﬂ A-4 for axplanstion of descriptions J_isas DECEMbEP 1985
2 antas] Ehances Day e phadual. . o intarprative HART-CROWSER & associates. inc.

3. Ground water lsvel, if incicated, is st ta r
(2?35‘ o:.f::: d::: lplcﬂ;‘-d?.L:vﬂ :a; vnr:augtndg':&}nn Sheet 2 of 2 Figur‘e A-5 .




Boring Log HC—5

SOIL DESCRIPTIONS < STANDARD PENETRATION LAB
Dapth 0 RESISTANCE TESTS
Eround Surface Elevation in Fest 8.6 (City Ostum) in Fest ‘5;’ Sample ABlowas par an't.: - - " !
Dsnse, wet, brown, slightly silty, -F ° . T
sandy GRAVEL. (FILL) - o B
[ 3 S-tbd [ jihe:y
Medium stiff, wet, gray-brawn, S | L+ 2
gravelly, sandy SILT ulternatinq B g N L1
With layers of very saft CLAY, (FILL)| + 8 ¢ Hoe]
b s-2 - k"'—

- Strong chemical odor noted bstween
S and 21 feet.

X.
=X [ | |4l
I
X

-
<+ 40
— A
- §-4 L' ;)
M
B S-5 - g’
L 5 /
<+ 15
[ L
- Al
i ’*Eﬂu(i
-~ 20 \
Soft, wet, brown, slightly sandy, - i \
claysy SILT with shell fragmants and B -
occasional wood pimces. B 3_72 - )L f
-~ 25 - °

=X [ 1

L L L . B §

<+ 30
L HZ 5
Sl

- 3% as

b - \ .

o ™ \\"-. *

i Os-sof= | Tin-=2
Madium dense, wet, gray, silty, fine ] e*
to medium SAND with shells and B i kd
acatterad organics. T 40 <

L 5 //

[* s—uZ 3 (

<4 4=

b -

B 3-122. -

<+ B0

B s-:sZ i /

+ B5
Stiff. wet. brown PEAT, i '

5 s—uz B J

® Watar Content in Pertant
J—-1636 December 1985

HART-CROWSER & associates, inc.
Sheet 1 of 2 Figure A-6




Boring Log HC-5

SOIL DESCAIPTIDNS

eround Surfsace Elavaticn in Fest B.6 (City Datum}

Stiff, wet, brown PEAT.

Medium stiff to stiff, wet, gray.
claysy SILT with shell fragments.

Madium dense to dense, wet, gray,
zlightly silty, slightly to very
gravelly SAND.

Hard, moist to wet, gray, sandy SILT
with ¢trace of sandy gravel.

vVary dense. wet, gray. slightly
silty, gravally SAND.

Very dense, wet, gray, silty, very
sandy GRAVEL.

Bottom of Boring at 116.3 Fest.
Completed 12/16/B5.

Observation well installed in HC-5A
adjacent to HC-5 boring location.

Dapth
in Fest
80

LN

1

100

108

T 1 v 1 - rrri

- 110

+ 119

= 120

4. Rafer to Figurs A-1i for saxplanstion of du:ripunnl

and =

o
2. 801l %ll:l‘!ptibﬂl and lr.l-lcun lines are intarprestive

and actual changea may bs

sl.
3. Ground wstar level. 1if mugcl:au is st tims of dr-nnnu

(ATD) or for dsts spacified. Laval may vary with tima
0O High blow count mey be dus to drilling ebstruction,
not conwidarsd to reflsct asctual dansity conditions.

Sasple

Sl

-solY
-
X
g
-
a2
X

S—EZ

s-24[X] -

S5-25

J-1

STANODARD PENETRATION
RESISTANCE
ABlows psr Foot
i ] -"""T-
5 . !
- /
) A< o
N
- \\
i e
I ' *
b \\
b \f
i il {
5
L \\
B N
- N
B N 78
N ll-ﬁ.
i
- /
i 4
B ¢ |/
\
L -]
= i ‘.
- |-14]
- L “—-5-
= 50
[ A-—a,
L
" S ]
@ Wster Contont in Percent
636 December

LAB

TESTS

AL

1985

HART-CROWSER & associates, inc.
Sheet 2 of 2

Figure A-B



T

Boring Log HC-—6

SOIL DESCRIPTIONS

Bround Surface Elevation in Fest 9.3 [City Datual
Medium denss, moist, brown, slightly
gravally, silty SAND. (FILL)

Medium stiff, moist, tan, clayay

SILT, (FILL)

Loose, wat, tan-gray, silty, gravell
SAND. (FILL) : y

- Strong chemical odor noted betwean
24 and 26 feat.

Soft. wat, black-brown, slightly
clayay SILT and sandy SILT with
abundant shell fragments.

Loose to medium dense, wet, gray,
silty, fina to medium SAND with
sbundant shells and scattered
organics,

Stiff, wet, gray-green,

claysy SILT
and PEAT. .

LN L]

L) L L] 1

]
LR L L L L L L L

LI LR L)
8 b

LR LI L

T 3 L} L] L]

| e a Sa un EEn NS BN SR REN BN EED SRS SRS Sy gD EEN GEme g e |

10

] HC-8A

Yvsr»
VY74

12720785

OO TTITAT

STANDARD PENETHATIUN

RESISTANC

Sample ABlows par Fna&

LB SO B

-4

A

s=2

§-3

XTI IXT BXF X X
ey

L S LI

:
<]

| SN S B

=7l

=X | |f

¥ L1 LI |

EFSOZ

S=11 Z

T T

T 1 1 1

o

5—!42 B

J-1636

7] (]
@ Natar Contsnt in Parcant

LAB
TESTS
s_-r.ﬁn
[ ]
AN
A
r N
1
December 1885

HART-CROWSER & associates, inc.

Sheet 41 of 2

Figure A-7
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Boring Log HC-6

SOIL DESCRIPTIONS . EEQ?g%EECEENETRATIDN %EETS
: Dapt :

Sround Surface Elsvation in Fest 9,3 (City Datum) mps:;;“ Saspls ABlows per Foot - - ‘T'
Medium stiff, wet, gray, silty CLAY | | ) I
interbedded with ssams of silty SAND i ™ / (
and silty, eandy GRAVEL. u - i

[ s-ssZ i ‘( ¢ -AL
- BS Y
s d \
-
B s-uz B |
N
= 70 =
B s \\\
- o \N
- = | e
-+ ;-1
Vary denee, wet, gresy, silty, sandy i "
GRAVEL. i i
- s-1003 455
b L.
<+ B0
Yary densa, wet, gray, gravelly SAND. 5 i
R s-saf=d | i-‘l;-_
o =
+ oa
- s-20lX] | “.L:_
<+ 90

Very dense, moist, pray. slighlty =

gravelly, very silty SAND. B "
3 s + . 82 hes
ey
Bottom of Boring at 93.5 Feat, - = 6
Completed 12/13/85. 4 o5
Obsaervatian well instalied in HC-6A I i
adjacent tc HC-6 boring iocation. I~ B
<+ 200
+ 108
5 L
4 110
L L
- 219
-
L s
- 120 ] - i
. ® Nater Contsnt in Parcant

;. E{F‘{Fg"fé?:. A3 :ur- t:u:nn::mn of u:a:riptunl d_1535 December 1985
- ascr - . .

and mctusl Enanges Bay bu cradual T ire interprative HART-CROWSER & associates, inc.

3. 5rountl watsr laval, Af indicatad, is at time of drilling

(ATD) or for dsta spacifisd. Lavel may vary with tima. Sheet 2 of 2 Figure A-7




Boring Log B-1

S0IL DESCRIPTIONS STANDARD PENETRATION LAB
Depth . RESISTANCE TESTS
Ground Surfsce Elavation in Faet 35 (City Datum} in gut Sample ABlous psr Foot -
Asphalt i N R T 1
[Concrete E ;
Madium stiff, wat, gray. slightly K
gr-aven!. slightly sandy, claye 3 s—sz - Y
SILT with scatters=d wood and brick - L f
fragments, (FILL) + s
[ [ /
B - i
- s—az - “ .
r- =
-+ 40
. L
- L
3 s—az B 4l e
- L
T 15
L L
: HZ : A [ ]
<+ 20
. | i
Looss, wet, gray. snghm gravally,
silty, fine to medium S with B © B
scattered wood and brick fragments. - £ Hz - ‘L ®
(FILL) L 8 L
+ 25 o
[ T [
L L
L = 5 ,
A0 s-8|\| P
T 8=7 .88
SEITT. wet. grey, eIighely sandy, I A L AL
silty CLAY. (FILL) | \\

~ Chemicel odor noted during drilling
between 34 to 44 feet.

Dense to very loosse, wet, black,
slightly silty. gravelly SAND with
possible coal and Lﬂatrolaum—baaad
contaminants. (FILL}

0s-10 50

IO

§ +8-14

]
D D<I X XTI XTI DXL~
/]

T T
\

L.t

Yy

11

Very soft, wat, gray, sliphtly sandy, 8-13

clayey SILT. (FILL)

T
&
o>
Z6N
8

T §F v 1T 5 F 7T

lLoose, wet, black, =ilty, gravelly
SAND with unndujar'ick and shell

Xl
L ol B o

fragments. 5-14
+ 50
Soft to stiff, wet, gray, slightly i "
sandy. clayey SILT with shell " I
fragments. - a.ssz - )
ol =
- 5N
- - \'\
- - \\
F “N Nl
s L
4 B0 .J....L

] - - [
@ Watsr Content in Percent

J-iSOi—Oi December 1985
HART~CROWSER & associates, inc.
Sheet 1 of 2 Figure A-10




Boring Log B-1

SOIL DESCRIPTIONS STANDARD PENETRATION LAB
: Depth ; RESISTANCE TESTS
Ground Surface Elsvetion in Feat 35 (City Dstum) in ;;.t Ssmple ABlows par Foot - .
B ! ™
Danse, wet, gray, fine to.medium ; i \
SAND. [ Z N
8~17 B
[ [ M
- 65
o+ 70
Bottom of Boring at 70.0 Feet. B
Completed 12/16/85. i
r ad
<+ 78
- L
+ o0
<+ 85
- L
4 00
- "
rl =
-+ 88
- 400
" .
-1+ 108
- 1120
- B
-+ 418
- :
- 120 S ke
. : © Watar Content in Psrcent .
:. Eé::y:gaﬁ.n::o A-4 for explasnation of du:rmtun- J—~1601-01 December 1985 .
S B e T T o e TART-CAONSER § associates, inc.
. e .
(ATD) or for date apacifisd. Laval may vary with Cima.” Sheet 2 of 2 Figure A-10
O High blow count mey ba dus to prassnce of wood and/or coal.



Boring Log B2

DESCRIPTIONS - STANDARD PENETRATION LAB
sorL Dapth ' RESISTANCE TESTS
@rpund Surface Elevation in Fest 34 (City Datum) in :elt Sazple ABlows pen Foot - e -
Asphalt [ ; N i i
Concrete - [ N s _

Medium stiff to stiff, slightly N N
gravelly, sandy. clayey SILT. (FILL) B S § s-tg 8 ) 70 =80
be \ § bn
- § : N
- NNR ! /
N \ J/'
o Q = =3
- E N s-az B J( ® 7 aes0
o \ \ -
T 10 N §
s N N N
N R
= \ -
NN
o Q \ 5-3 B »
N N ’
r N N i
N N
T% NN
- a § b 4
L N s 1
N N
i N N s-4z - ) o AL
- : N\ L
-+ 20 : § b,
N N
L Q N L
o N N A
b~ 2 : : - N
- SNN s—sz - \T » 68
- NN L
N N
-+ t
L 'Q § L
- ',:: a L
L NN Z L |(| i
[ \ § s-8 C / ¢ &8
N
+30 QNN
Slight chemical odor noted during A NN so[\| o}
-drilling betwesn 32 and 37 fest. | § N L
Loose, wet. gray. slightly gravally, AU N | 85
silty, very clayey SAND. (FILL) i § s s-a B /-ﬂ H— AL
o \ - b1
Very soft, wet, gray, silty CLAY. T+ [ \ v
(FILL) ! \ s s-az L e AL
Very loose to medium dense, wet, i S § i
black, silty SAND with wood fragments.| [ N N s-mz oy
+40 NN
20N =X T
L N § B
I NN i
N N s—zaz &
* \ § B M
+ s NN
X NN . /
N N 1
- N b |/
N R .
- N N _ L
NN 52 4
\ 5
[ N N
T ’N \ -
Soft to madium dense, wet. gray, [ N N [
slightly sandy SILT with occasional i Q \ -
wood snd abundant shells. - \ § S-“Z - $ b
L N L
N
4+ 55 N A /‘
- s
I s—tsz i 4
[ | - 1w
L e ___LL.L

) -
@ Water Contont in Parcant

J-1601-01 December 1885
HART-CROWSER & associates, inc.
Sheet 1 of 2 Figure A-11




Boring Log B-2

SOIL DESCRIPTIONS

6round Surface Elsvetion in Foet 34 (City Datum

Medium dense to densse, wet, gray,
silty, gravelly SAND.

Bottom of Boring at 70.0 Feet.

Completed 412/48/8S.

Note: , Observation well installation
' consists of slope indicatar
casing with screen.

Dapth
Feast

in

Tr 1 v 1 071 1 1§17

L
T 1 &+ 7T T3 L1

1
T ¥ 1T 1 L] L] T ¥ T 70 T

70

100

110

119

120

1. Refer %o ;1nur0 A-{ for explanstion af ulncrintionl

and aymb
and actual changes may be gradusl.

o N
B

" (ATD) or for duets specifisd. Level may vary with

S01l allcraptionl and stratum lines are interpretive
Bround water level, Af indicated, is st time of drilllng

time.

STANDARD PENETRATION LAB
RESISTANCE TESTS
Sanpla A Blows psr Foot
i
5'152 r \’
/
|
-l t d
1
.Hltlll" !:ontent“!.n P.er':ln: M“:L
J-1601-01 December 1885
HART-CROWSER & associates, inc.
Sheet 2 of 2 Figure A-t1



Boring Log B—3 ~

SOIL DESCRIPTIONS STANDARD PENETRATION LAB
. Depth ' : RESISTANCE TESTS
Ground Surfece Elevation in Feet 35 (City Datuml in Feat Sampla ABlows par Foot - e
Asphait T SIS T
oncrate B B E ; B ﬂ
Medium dense, wet, gray, silty, : |
gravally SAND. (FILL) s-tz ?
- 5 /
Medium stiff, wet, gray, graveily, [ ' A
sandy SILT. r
i s—az B A L
- 10
[~ s-:z 3 Jt ® /=85
+ 13
Looss to medium denses, wet, gray, [ i
gravelly, silty SAND with occasional 3 "
concrets fragments. (FILL) - HZ - A N | Wl LT
o o N
N
T2 HEK
L N N L
N A \
R SR L. »\
: g UB-{X : [ P
I =8 /
- 2] - /]
B .ﬂ%_= L /
i 5 s-8|\| P[_ s
T* |E 87 ’ 4
Slight chemical odgr noted during s = |
£1 ling batwesan 33 and 35 fast. 5 = S_EZJA_
Very sandy, clayey SILT. (FILL) " z 8l ‘\
Loose, wet, gray, silty, gravelly TS (B
SAND.. (FILL) D ) y - i 58I\ PR
- BN s-10 JA" A
Medium stiff to stiff, wet, gray. i or
8ilty CLAY. (FILL) B o B
L s—uZ _ ‘e o} AL
B s-zaz 5 [
l \\
- Wood encountersd betwean 47.5 to i A
49.0 feot. " s—uz B .
- B0 /
o o V’
i s-uz - A ¢
. 4 s
Medium stiff, wat, gray, vary sandy o -
SILT with acattered shall fragments. L L
3 s-asz - i T
- &0 [ e
@ Water Contsnt in Parcant
J-1601-01 December 1985

HART-CROWSER & associates, inc.
Sheet 1 of 2 Figure A-12




Boring Log B-3

SOIL DESCRIPTIDNS

Depth
eround Surfece Elavation in Fest 35 (City Datum) in Feet

Lopse, wet, gray, silty, fine SAND -[
with shell frapments. )

+ E3
Danse. wet. gray, slightly graveily, | |
slightly silty SAND. B
Bottom of Bnrin, at 69.0 Fest. S 70
Completed 12/20/85

+ 73

-

-

< 80

- 85

+ 80

-

-

-

-« 09

<= 100

< 10s

<+ 140

T 148

L 120

1. g:;l: to Fluuri A-4 for axplanation of ullcriptlnnl

2. Soil nuu:rzptionl and ltrltuu lanol are intsrprative
and actual changes may g

3. Graund wstar laval, 1r 1nu cltaﬂ. “is at time of drillinc
(ATD) or for deta specifisd. Level may vary with tims.

O High blow counl due to concrat@ fragment in 1ip o! samplar,

STANDARD PENETRATION LAB

. RESISTANCE
Sample ABlows psr Foot

TESTS

\ i
816 - L
< E A
s—s7§§ i \\\‘
5
L

J-1601-01

" ] [}
@ Weter Content in Psrcant

December

1985

HART-CROWSER & associates, inc.

Sheet 2 of 2

Figure A-12



Boring Log B—4

S0IL DESCRIPTICNS _ gg g?g%ﬁEcEENETﬁATIUN %égTS
6round Surface Elsvation in Fest 37 (City Datum) g?lnlt‘gle Sample A Blows per Foo‘:. -
Asphalt R i —T'"

oncrete . s
Loose to medium dense, wat, gray, | N i '
slightly gravelly, very silty SAND. Q s-iz ® =82
lFILL-)' ™ N -3
4 B IN
\
i N
- Q 1
i \ s-zz B
L \ s
+ 10 [
i \ _ /
h]
s \ s K
1
Medium stiff, wet, gray, slightly . \ Z =
gravelly, sandy SILT. (FILL) L E 53 5 4 ¢
+ 4= h
L IN L
N
L N L
N
i \ 84 i 4 L
. L
Medium densa, wet, gray, slightly + 2 R h
gravelly to gravelly, silty SAND L N L [\
with abundant brick fragments. \
(FILL) B 'Q -
* t E-EZ 8 \ [ ] -
=3 N o
- 28 \
‘ A \ s-az i !
Dense, wet, greay, silty sandy GRAVEL | | \
and silty, gravelly SAND. (FILL) N 3
- - S s-7§ Pl \
Tae \ s-8 | . /)L
s g - J/
| Chemical odor noted during R Lv] HX 1 | 4
drilling between 33 and 50 feet. s i JK\
o 99 b
| Z S—iﬂz [,
Loosa, wet, black COAL with AtlD
occasional silty SAND. (FILL) i i
- s-uz B
L o [ i
i s-saz i ‘i
i s—saz B )
<+ 45
- Chemical odor noted baetwesn 46 to 50| o §-14 Z];- A
feat. L L
i s-18 ]*' n
Loose tp medium dense, wet, gray, - aL /
very silty, fina SAND with shell +4+ =
fragmenta and occasional woad. K s.mz i ;{ b &5
- a—x‘rz i ‘< °
-+ 53
5 L h\
- s-uz i
- 6 ' ] e
® Water Content in Percent
J-1601-01 December 1885

HART-CROWSER & associates, inc.
Sheet 1 of 2 Figure A-13




Boring Log B—4

SOIL DESCRIPTIONS

Ground Surface Elavstion in Fest 37 (City Dstum)

Locse to medium danse, wet. gray.
very ailty, fine SAND with shel
fragments and occasional wood.

Danse to var! dense, wet, gra!.
ravelly, silty SAND with shell
ragmsn 8.

Bottom of Borin ut 69.0 Feot.
Completed 1

Dep
in Fast

L
T 1T 17

T 1T 1T 1T 1T ¢

T 1 1 1

T 1T 1 ¥

.

L R IR NN B

100

110

119

120

1. Honr 2 ;'uuro A—-i for axplanation of dl-crintum

a
2. Ecu dllcrlptunl and ltﬂtu- nnu are interprative

4 actual changes may be

3. Er‘ounu water level, if ind cltld. “is at time of dlt‘:lliﬂﬂ

(ATD) or for data spscifisd. Lavel may vary with

STANDARD PENETRATION LAB

. AESISTANCE TESTS
Sampla A Blows per Foot .
s-1sz B <
S-EOZ [~ ® i
e
b
B
ik

J-1601-01

[ [ ]
@ Watesr Content in Parecsht

December

1985

HART-CHROWSER & associates, inc.

Sheet 2 of 2

Figure A-13



Boring Log B-5

SOIL DESCRIPTIONS i STANDARD PENETRATION LAB
Dapth : RESISTANCE TESTS

Ground Surfacs Elavation in Feet 34 (City Datum] in l;alt " Bample ABlows per Foot -

Agphalt N : B

toncrete i [ .

Loosa,. wet, gray, 8ilty. very | L

gravelly SAND. (FILL) - s-ig .
+ 8

T+ 10

s-2 X

- |
[
(-4

T V7T 1T ¥V 117y vy 17T v ¥ rny 5§ 017 vV 7o @y v

s-sz
Sewage odor hoted after hols was
- completad, probably from ~4i5 to 30 b

feot.
~ Chemical odor noted beatwesn 17 to 48

&
=?

L S B |

feet during drilling. A °
HZ]B A .
+ 20
s-uz i A (]
Soft. wot, oray. 8iightly gravelly, | | =P /
slightly uandz. 8i1lty CLAY with B /
lenses of silty, fins SAND. (FILL) -
=X [ | 4]
+ 30 l‘
r: : \ PRe, 78—
A \ o .r ~Tv--30-
™ < Ds
58\ P H AL

- Chemical odor noted while drilling
batwean 38 to S50 feet.

Soft to stiff. wst. brown to gray.
decomposed WOOD intermixed with
silty, fins SAND. (FILL)

L L LA

5
Iy
NND(] XL T TL1

8-13
-+ BO
Medium stiff, wat, gray, slightly /
sandy. clayey SILT with shell B
fragmante. -
E-MZ [~ AL
[ A‘N _ l'—f

Dense, wet, gray. silty, sandy
GRAVEL. with abundant shalls.

] \\
N
. s-ug N |

® Water Cantent in ;::rclnt

J-1601-01 December 1985
HART-CROWSER & associates,-inc.
Sheet 41 of2 Figure A-14

-

LI B |
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Boring Log B-5

SOIL DESCRIPTIONS - _ %g?g#ﬁﬂcgENETHATION #ég'rs '
Dapth
ground Burface Elavatiocn in Fast 34 (City Datum) mp:;-t Sample ABlows psr Foot -
Dense, waet, gray, slightly silty, | Hi
gravelly SANS w!th few shells. .
B-!BZ i e
[
Vary stiff, wet, gray, slightly i
sandy SILT.
a-uz i j T
Bottom of Bnrtn’ at 69.0 Feet. 70 [
Completad 12/23/85.
b
. 80
as
" w0 :
28
100
105
L
|
110
-
|
118
120 M) [] -
. @ Matar Cantsnt in Parcant
: ':Eé::'s"ﬁ':" A=1 :nr u:hn:tam of dn::r-a.puunl . J_iso 1-01 - December 1985
" ahd uctual Changes ey Be gradusre o Loooeretive HART-CROWSER & associates, inc.

3. Ground wat . Af indicat .
EATO] of "for dave apacafied. Laval may vary with Cims. U Sheet 2 of2 Figure A-14




Boring Log B-6

SO0IL DESCRIPTIONS

eround Surfece Elsvation in Feat 34 (City Datum)

4-4/2-inch Asphalt over 4-inch Brick
ver i-4/2-inch Mortar over 7-inch
oncrete.

Madium stiff to stiff, wet, brown to
?FE{Lillaghtly gravelly, sandy SILT.

Medium stiff,
F

wot, gray, sandy,
silty CLAY. 'FILL}

Very stiff, wet, nra!. aandz SILT
1}% zones of gravelly, silty SAND.

Loose, silty, sandy

wat, gray.
GRAVEL. (FILL)

Stiff, wet, gray, slightly gravelly,
clayey. sandy S¥LT. (SI

= Slight chemical aodor noted betwesn
30 to 31 fest.

Loose, wet, gray, slightly clayey,
very silt SAED and madium stiff,

lgandg SILT. (
light chemical odor noted between
35 to 37 fest.

Bottom of Boring at 41.0 Feet.
Completed 12/23’85 .

1

and symbpls.

actusl changss say be grsdusl.

3. Bround watsr lsvel,

Depth

5
ox

-

£ 6T 1T bV 1

LIS L L A ]

10

T 14 1 1. %

B

sot

q 1720186

\ 'S I ST I ETIITII I ITIITTIITEIIII IS
MLL L Lk L L L L L L L L L L L L

T ¢ 1T F ¥ 3

L L L B ) LINNE BN SN |

L L ]

L 20NN B S 1 T

L L L L . . . B ]

¥

Refer to Figurs A=-i for axplanation of dascriptions
. 2:31 descriptions shd strstus lines srs intarprstive

if indicated, is st tims of drill
(ATD} or for date spscifiad. Level may vary with timse

j inaugumig

ing

STANDARD PENETRATION LAB
RESISTANCE ' TESTS
Sample ABlows par Fon.l.: - =i
I T TT
s“‘Z : / I-/ﬂ =102
L /
X L ||l |  ronss
s—sz i 4 L -7’38
o I\
s—4§§ : [
/
/
s-al\| p /
s-8 - —
a-vz -
sol¥ e
s—mz ;L a5
lﬂ-ilz E J<
s-saz [ A \
i
" "J'i'-
® Watar Contsnt in Percent
J—-1601-01 December 1885

HART—-CROWSER & associates, inc.

Figure A-15
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Boring Log G—1

SOIL DESCAIPTIONS

Bround Syrface Elavation in Fost ~8

{Dense tp very dense), dry, gray to
grav brown. slightly silty, sandy
GRAVEL.

Bottom of Boring at 5.5 Feet.
Completed 6/24/87.

Boring Log G2

SOIL DESCRIPTIONS

Bround Surface Elsvation in Fest ~A8

(Dense), dry, brown, silty,
very sandy' GRAVEL.
(Medium stiff), wet, dray, clayay.

gandy, very gravelly SAND.

{Very loose). wet. gray.
gravelly, silty SAND.

slightly

Bottom of Boring at 6. 5 Feet.
Completed 6/24/87

Boring Log 63

SOIL OESCRIPTIONS

&round Surfacs Eleovation in Feat ~8

{(Medium dense to loose), dry, gray-
brown, silty, very sandy GRAVEL.

. (Laose),

wet, gray., slightly
gravellv.

very silty, SAND.

Bottom of Boring at 6.5 Feet
Cumplated 6/24/87.

Boring Log G—4

SOIL DESCRIPTIONS

Ground Surfaca Elsvation in Fest ~8

(Medium dense). dry, slightly silty,
sandy GRAVEL. :

(Loose). wet. gray,
silty SAND.

gravally, very

Bottom af Boring at 5.5 Fest,
Completed 6/24/87.

1. Asfer to Figure 3
and symbols

2
ATD

=z __
5 ATD

for explanstion of descripticna

2. Soil duacriptinnu and stratum nnau ara interpretiva

and actual changas may ba gradual
3. 6round water level, 1f indicated,

(ATD) or for date spacified. Lavel may vary with time.

‘is at time of darilling

LAB .
RESISTANGE TESTS
Sample A Blows par Foot ;
s -E:‘ isl_-
. /’ CA
5-2| B P
WS=3 -
l
Szmple A Blows psr Foot o
§-1 - N F{( -GS CA
R L]
r’/
BN Al ]
; CA
S-3 - rFS ﬂ GS
Sample A Blows per Foot -
§-1 mr &
- CA
s-2 N A
ss(X| L ) l -GS CA
Sample ABlows pesr Foot
v i [ A
o
weep | T =
S-3 - : ( l -GS CA
@ Woter Content in Psfcant
J—1636-04 June 1887

PENETRATION

HAHT —CROWSER & associates, inc.

Flgure 4




Boring Log 65 .

SOIL DESCAIPTIONS PENETRATION . LAB j
Depth RESISTANCE TESTS :
ground Surfacs Elavation in Fest ~8 in Faet Saxple ABIO.NI per Foot :
(Medium dense to loose). dry to wet, | | 0 5-1 [ @ \ ’TTIT as [
brown, sandy GRAVEL. CA i
- s-2/X| I
(Very loose), gray, gravelly, very J s-3 ] LAl i !
| i1ty SAND. 4 T8 G5 CA 5
Bottom of Boring at 5.5 Feet, B - :
Complated 6/24/87. - b {
Boring Log 6-6
SOIL DESCRIPTIONS
Dapth
ground Surface Elevation in Feet ~9 in gut Sampls ABlows. par Foot o
(Very dense), dry, greenish brown, T |
silty. sandy GRAVEL. - YN 1 -GS CA
b~ - N
R ns-2 i fh%.
(Stift), wet, gray, clayay, - - //’
gravelly, sandy SILT. 4+ 5 s-3 e -GS CA
Bottom of Boring at 5.5 Feet. . o -
Completed 6/25/87. L "
Boring Log G—7
SOIL DESCRIPTIONS
Dapth
Sround Surface Elevation in Feet ~ 3 in Fast Sa@pla ABlows par Foot " e
-0 T
{Loose), damp, brown, slightly silty, W L
sandy BRAVEL. [~ 51 B 1 CA
(Very stiff to stiff), wet, gray, - g-2 -
slightly gravelly, clayey SILT. .- S L }
" aTD CA
<+ 5 s-3
Bottom of Boring at 5.5 Feat. -
Completed 6/25/87. "
Boring Log G—8
SOIL DESCRIPTIONS
Dapth
eround Surface Elevation in Fest ~9 in Feet Sample ABlows per Foot e
— o paap—
(very dense to dense), dry, gray to R
brown, silty. sandy GRAVEL. B 5 B Aj !1 G5 CA
(Hard). damp. grayish brown, slightly : : J
gravelly. very silty SAND. with wood s-2 A GS
- . B g-3 = g0 _}CA
(Yery dense), moist, gray, slightly <+ 5 ?‘ &
‘[gr‘avelly. gilty SAND with wood l‘ B n
fragments. B
Hottom of Boring at 5.5 Feet.
Completed 6/25/87. N

® Water Content in Percent

;. g:a::yggnfé?ure 3 for axplanation of dascriptions . d_1638_04 dune 1987
. d t1 d
e e Eanas ey be gradual . |re interpretive HART-CROWSER & associates, inc.

3. G'r-gt_mu water lavel, if indicated, is at time of drilling
TATZ) or for date specitied. Level may vary with tize. F* gure 5
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Boring Log FS-1

SQIL DESCRIPTIONS STANDARD PENETRATION LAB
th RESISTANCE TESTS
&rgund Surfacs Elevation in Fest in Fest Sasgle A Blowa par Fuog n
[S1lty SAND FILL. ° i
14-inch~thick Concrete Slab. i
Logss. wet, brown, silty, gravelly =
SAND. (FILL) =N [ *
|
s-2 = h
b - B A
Bottom of Boring at 9.0 Feet. i
Complated 1/16/87. 10
Boring Log FS-2
SOIL DESCRIPTIONS STANDARD PENETRATION LAB
Depth RESISTANCE TESTS
Sround Surfecs Elsvatian in Fast in Fest Ssaple Aalt'na pap Foo& - - .
Locse to denae, wet, gray-brawn, T ° "'T'
grevally, silty SAND. [FILL) *
[ .~ N
- 5 L
- S-2 L 7‘
B - o] B s
-+ 10 1 4+t
L - S—d ‘\
L - L HN
Very dense, wet, gray, silty, -8
lgravelly SAND nr B l
Bottom of Boring at 14.0 Fest. <18
Completad 1/47/87.
Boring Log FS-3
SOIL DESCRIPTIONS STANDARD PENETRATION LAB
RESISTANCE TESTS
Degth
Sround Surface Elevation in Faet in Fest Sample A Blows par Foot \
Looss, wat, black, gravelly SAND T°® T“F
with brick fragments. (FILL) - B
I - 3
ATD
. /
R s-2 s y
I [ \ |
5-3 i vl
' 40 |l
- Very dense, wet, gray, gravelly SAND | S-4 | i ,-A-ég_
Bottom of Boring at 10.9 Fesmt. - - i . l i I
Completed 1/17/87. . . i |
. L |
- 19 )
1. :;n:ygef.l.nur- 2 for sxplanstion of descriptions J=-16836-03 danuar‘y . 1986
% ond wctual Changes may Do graguarrs " intererecive HART-CROWSER & associates, inc.

. 6round water lsval, if indlicatad, is st time of drilling .
{ATD) or for dets spscified. Lavel say vary with tims. Figure 3




Boring Log BP—3

SOIL DESCRIPTIONS

8round Surfece Elavation in Fast

{Dense). dry. gray-brown, slightly
silty. very sandy GRAVEL.

(Medium dense), wat, gray, clayey,
gilty SAND.

(Soft). wet, gray, slightly sandy,
clayey SILT.

Bottom of Boring at 9.0 Feet.
Completed &/22/87.

Boring Log BP—4

SOIL DESCRIPTIONS

6round Surface Elevation in Foat

(Medium dense to very dense), damp,
gray, slightly silty, gravelly SAND

1 {Very soft), wet, gray, sandy,
clayey SILT.

Bottom of Boring at 9.0 Feet.
Completed 6/24/87.

Boring Log BP-5

SOIL DESCRIPTIONS

Ground Surtace Elevation in Feat 10.5

(Very dense), damp, gray, slightly
silty. very gravelly SAND.

(Very dense), wet., gray, slightly
sandy, € layey SILT.

(Medium dense), damp, brown
slightly silty. very sunuy GRAVEL.

(very soft), wet, gray, clayay,
sandy SILT with wood fragments.

Bottom of Boring at 9.0 Feet.
Completed 6/24/87.

th

Dap
in Fast

T 0

10

18

Dapth

p
Fest
Q

10

19

10

i5

1. Refer to Figurs 3 far esxplanation of dascriptions

and symbals

2. So1l unlcrtptinnl and stratum linas are interprative

and sctual chengas may ba gradual,

. Ground water levael, if indicated, is at time of drilling
(ATD) or for date specifiaed. Laval asy vary with tisa.

PENETRATION
RESISTANCE
Sample ABlows per Foot - H-Nu in ppm
§-1 L. A W - 0
- |
s-2 - J(// - 7
B /'f )
L1
5-3 “ -1
X %
s-4§§ ‘f/// - 0
Sample ABlows per Foot n H-Nu in pgin
i i -
AN T q -1/
s-a ; N:;u-ig. -0
- L
e
A
55 ]B' /‘ B %

N
Semple ABlows psr Foot T- Ii' . H-Nu in ppm
8-1Z . I Fe
s—gg L. ,ﬁig' - 7
R A/

' " eWater Content in Percant

J-1636-05 . June 1987
HART-CROWSER & associates, inc.
Figure 4

CPY UGS NIRRT TR pe
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Boring Log B-1

SOIL DESCRIPTIONS . STANDARD PENETRATIDN LAB !
Depth RESISTANCE TESTS
@roung Surface Elevation in Feet 8 , in Fest Sampls  ABlows per Foot PR '
Asphalt surfacs ovar vary looss,
wet, brown, slightly silty to silty,
fins to mssdium SANO,
-] H-Numo
- Bacomas gray, very silty, fins SAND. _‘ﬁ' s
10 =H=NU=0
88
18 -H-Nu=0
-8
- Zones of wood and gravel. clayey.
. a0 =2
Loose, wet, gray, silty, fins to
medium SAND with shells and trscas
of wood,
- H-Num3
- Grades denser. 30 =H=Nus2
Vor! danss, wat, gray, slightly
silty SAND snd GRAVEL. n.
’ |
L
— 1 Ak
© .. \
=Difficult driliing. - \
I—ﬂlz o
-Drill action indicstss cobbles and - | - :
hard drilling below about 45—-foot- : L -
depth. i
=B | 3;.
50
—1rpd | L-!g,
- ]
s-1apx [ l A -39
- Haave - 9 fest. : s
Continued difficult drilling. [
“ e
® Watar Contant in Parcent - ,
J-19895 August 1987

HART-CROWSER & associates, inc.
Sheet 1 of2 Figure A-2




Boring Log B-14

SOIL DESCRIPTIONS STANDARD PENETRATION

LAB
Depth RESISTANCE TESTS
Sround Surface Elsvation in Fest @ Feet Sanple ABlows per Foot

-

LB B B |

=

LI B B

T T

Completad 8/18/87.
108

L] L]

110

118 T

LR L
- e—— e mm e - - —m—— e e v

LR

{
m 3 -uL
@ Wster Content in Pefcant

- n
u I '
= Vary dsnss, moist, gray, vary silty, rﬂ
an to medium SAN:I‘ y Y 4 ’ i ! =
- Smooth drilling, with variabla 3190, | -=c
quantities of silt and fins sand in
successive ssmples. - It
. . ] M
ool | ’ ! +-§,
o s
= 452,
78
Hard, moist to wat, lipht gray,
un:y SILT with zonas of very silty
sand.
223 : 4 =,
Bottoa of Bor:ns st 78.3 Faat.

1. Rater te Figure A-1 for axplanatien of descriptisns J-1995 August 1887
a. .l:‘u nue;t::.lﬂu.l.l u-i-d atretus u;-n sre interpretive HART-CROWSER & associates, inc.

3. Or
ATO] o fon }.'{."ap.’:sﬁ?&n'ﬂw‘.‘h‘:.;‘J#,"-?&‘E:‘L“’" Sheet 2 0of 2 Figure A-2




Boring Log B2

SO0IL DESCRIPTIONS : ggeﬁ%ﬁcEENETRATIN I'l-’égTS
th
ground Surface Elsvation in Fest 11 ?5.“ Sample ABlows pesr Foot .
Asphalt surface ovear loosa, moist, T "“m‘s i '1
aottled brown, =mlightly grsvelly, N
silty SAND with concrote ang brick = : 8
rubble to S5—-foot-dapth. L : 51 L Ul e
‘ .[ ] E -2 ]‘- afl -H-Nus0
Yery looss. wet. gray., sliphtly i N ¢i002) 5_
claysy, silty, fins SAND. \ /]
\
- z =3 < ¢ -8
- -4 -H=NU=0
i (1002} [ 7‘
b -‘ﬁ- s
i -3 y T 88
e 3 -8 . aimi il
18 (1002} I q
I N
Madium dense, wet, gray, very silty, |-} - w4
fine SAND to very sandy SILT with . a7 5 | b .
shells. i i >
T ™ d {: -
[ I W
- - 7 .
o s
<+ 2% l-l -H-NU=0
. b )
B B °
-E 20 f-H-Nus0
Madium denss, wat, gray, slightly [ 1
silty SAND and BRAVEL. i i
B =13/ u ®
- a
i | \N
- Grades very denss. [ "“FZ A !
Dense, wet. gray. very silty. fins | | i F
SAND to slightly silty, fine to i
sadiua SAND. - A.
" HliZ}," : y
- - \
- 48
Hard, moist, brown-gray, fins sandy o o \
SILT iith zones aof silty. gravelly . ._“Z L o
sand. L ! 11°
Bottos of Boring at 48.9 fest.
Complated B8/19/07. T %0
L - -]
s -
- -
< 80 r
@ Nstar Content in Parcent
1. :-’:q- t-p.;louﬂ A={ fer sxplenatisn of descriptions d_iggs AUQUSt 1987
1. ﬂ'.?::ﬁf‘?ﬁ.‘#.‘:.".‘.‘ e Beusin are interprative HART-CROWSER & associates, inc.

3, Ground water 1 if er;lll 1 t ti of arilli .
(ATD) a: for n:::I'lplc:flln Ll&ll :ny. va-uu:n tima. ne F1gur‘e A-3




Boring Log B-3

SOIL DESCRIPTICNS ' STANDARD PENETRATIDN LAB

Deptn RESISTANCE TESTS
Sround Surfece Elsvation in Fest 17 : in Feet ABlows per Foot .
Asphalt surtace over (loose), moist, 0 i |
mottled brown, silty., gravelly SAND
with brick and concrets rubble to '\ -
8~-foot-depth. : L ip
\ i =2, prore o
3 s TR 7 | wdvoe2
Loosa, wet. gray, slightly silty to N - A
silty, fins with abundant wood N |1
pieces and soms gravel. . - | ‘.’ les
- L4 1
w0 |k al \ -H-tum0.5
z L T
: L I~
E - Thy 83, -rore «
- Fusl odor noted. - g - {11 | ous
[ an
E 'THA =22, LaOTE o
= B . 5
p E - nﬁ -NOTE &
20 z 3° | Wiz |
- Abundant wood in samples. - [
) - ° 1520 |-es
-zg:nlcdl“lﬂlltnot-d. 11ght1 L T £° | NOTE &
us danse, wet, gray, slig Yy
silty. fine to medium SAND. - —H-tu=1
- Grades gravelly. 0 A |2
Vlrz dense, wat, gray. slightly - \\
silty SAND and GRAVEL. - N
-]
B 1
0 -
Stiff. =30ist, brown, fine sandy SILT ‘ . [ /
with wood pisces and organic cdor. "
) \
-811ty, fine to madium SAND. ..,..2 - R
)
i \
= Very silty. fine SAND. ,..72 = ° h\
Bottom of Boring at 54.0 fest, [
Complated 6/19/87. s
L
8 M &
® Wstsr Content in Percent
1. fafer ta Tisure A-t for exslenation sf descristiene J-1995 August 1987
2. .’.';:’.:::5‘::.’.‘:::.‘:2 e eceag .y M0 interpretive HART-CROWSER & associates, inc.

3. Grogund water lavel, u !neﬁctod. ia at time of a'ullnc .
(A or for deta ssacifisd. Levae]l savy veryv with time Fioure A-4




Boring Log and Construction Data for
Monitoring Well B-4

Geologic Log

-t
o
@

S
c

ODepth

Approx. Ground Surface
Elevation in Feet 11

1

0.5 feet of asphalt and concrete over
gravelly SAND and bricks.

Loose, damp, light brown, slightiy silty,
medium to fine SAND with minor brick

chips.

10 —

I

Very locse, damp to wet, bluish gray,
silty to siightly silty, fine SAND with
trace organics and fine SILT lenses.

Grades to cleaner sand.

Wood chips.

25—

Bottom of Boring at 15.0 Feet.
Completed 2/15/90.

1. Refer to Figure A-1 for explanation of descriptions

and symbols.

2. Soil descriptions and stratum fines are interpretive

and actuol changes may be graduai.
3. Ground water level, if indicated, is at time o
(ATD) or for date specified. Level may vary with time.

f drilling

Somple N

<] XTI BT T X<

Monitoring
Well Design

Casing Stickup in Feet —0.5
Top of PVC in Feet 10.50

2/15/90

L

[ 2777%
|

|l
V77222777

[T

)
[

[HARITOROIMEER -

J-1995-01 2/90
Figure 3




Boring Log and Construction Data for
Monitoring Well B-5

' Monitoring
Geologic Log Well Design

Casing Stickup in Feet —0.45
Top of PVC in Feet 7.55

feet

Approx. Ground Surface
.E Elevation in Feet 8 Sample N .

ODepth

3 inches asphalt over brick, gravel,
- and rock fill.

Medium dense, damp, light brown, slightly

™

o
Loy}
~
- 'y
silty, fine SAND with iron staining and S-1 X 1 5
— trace wood fibers, y -
5— Very loose to loose, domp to wet, — -_
bluish gray. silty,” fine SAND with trace §-2 ) ,
- blaci orgenic lenses cnd fine silt lenses. ’ — -]
7 S-3 X 2 [ g . ]
10— = . —
—
——— Abundant wood. §-4 X NA - _ E . -
—— Abundant wood. - -
' 5-5 X 8 B T
Bottom of Boring at 14.0 Feet. | 7
15— Compieted 2/15/90. — —
20— — —
25— — .
1. Refer to Figure A-1 for explanation of descriptions Cnd
and symbols. ]
2. Soil descriptions and stratum lines' are interpretive
and actual changes may be gradual.
3. Ground water level, if indicated, is ot time of driling HAR‘TCR m
J-1995-01 2/90

(ATD) or for dote specified. Level may vary with time.
Figure 4
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Boring Log and Construction Data for
Monitoring Well B-3A

Geologic Log

Approx. Ground Surface
Elevgtion in Feet

Sam

ODepth

3 inches of recent osphalt over 3
inches of old oshpalt over icose,
damp, red and gray, silty SAND ond
BRICKS. (Upper FILL)

Very loose, damp, brown, siity, fine
SAND grading to wet, gray, very silty,
fine SAND. (Lower FILL)

Loose, wet, groy with brown patches,

silty to very silty, fine—medium SAND
with wood fragments.

Silt layer.

25—

Bottom of Boring at 22.0 Feet.
Completed 1/21/93.

1. Refer to Figure A-1 for explonation of descriptions

ond symbols.

2. Soil descriptions ond strotum lines are interpretive

ond actual changes moy be graducl.

ple N

< BT X X1 XTI [ <]

3. Ground water level, if indicoted, is at time of drilling
(ATD) or for dote specified. Level may vary with time.

D Sompie submitted for WTPH—D onalysis.
M Sgmple composited for metols onglysis.

Monitoring
Well Design

Casing Stickup in Feet —-0D.4
Top of PVC in Feet —0.40

H=Nu

X

T
<"

as5 L

AN
|

|
ENANNNNN

<1.5
ATD

<15

<5 T

o
e
e
et
—
—

ot
— -

* ot
—
e

R
e
e

o et
e

o
et
——
— -
——
] .
et

N
—
] -

et -
e

* P—t—
et

HARTEROVVSER
J-3711 1/93
Figure A-2




Boring Log B-6

: Geologic Log Grouted Boring
=
& Approx. Ground Surface
O .E Elevation in Feet Sample N H—=Nu
O - ] — ‘\ ‘~/“-.”. . -
. 3 inches of ashpalt over, loose, domp, L A
— black and brown, silty, fine SAND with - A K,("/,: -
: bricks, ashpolt and cobbles. N
) . (Upper FILL) - " " -
- NN 7 -
, S—-1 5 <1.5 7,
1 ] D.M - —
|
] She — —
: . —1 5=2 X 5 <1.5 | -
Loose, domp, brown with red oxidation
! - stains, slightly silty to silty, fine — —
5 SAND with grovei ond silt lenses.
< (Lower FILL) 5-3 X 6 <5 | ]
( — - —
10 : — - —
Very loose, wet, gray, very silty, fine S—4 X : a5
— SAND with some wood. D = — VATD—
- - /] -
( 5-5 X 2 <5
15 «——— Abundant wood. . — —
- 5-6 X 3 <t.5 n _
! - - ' -
| 7 S-7 X 8 3 B / 7
r _ N |
20— | _
- $-8 2 <1.5 n _
X 7
— Bottom of Boring at 21.5 Feet. . - -
' Compieted 1/21/93,
- = =
25— — —

1. Refer to Figure A—1 for explanation of descriptions

and symbols.
2. Soil descriptions and stratum lines ore interpretive

and actual changes may be graduaol.
3. Ground water level, if indicated, is at time of drillin

(ATD) or for date specified. Level may vary with tirgne. ) HA I Wg@
D Sampie submitted for WTPH-D anolysis. J=-3711 1/93
M Sample composited for metacls analysis. .

Figure A-3




Boring Log B-7

Geologic Log
¥
& Approx. Ground' Surface
O .E Elevation in Feet
0
3 inches of asphalt over, loose, gray
-1 ond brown, slightly silty, grovelly
SAND with abundant wood.
. {Upper FILL)
7 s—1
- D
5 —
- Very loose, wet, gray, silty to very s'g

siity, fine SAND. (Lower FILL)

Gray SILT. S-4

> <] X< <] IX<] X<

- Bottom of Boring at 16.5 Feet.
Completed 1/21/93.

25—

1. Refer to Figure A=1 for explonation of descriptions
ond symbols.

2. Soil descriptions gnd stratum lines are interpretive
ond actuol chonges maoy be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for dote specified. Level may vary with time.

D Somple submitted for WTPH=-D cnalysis.

M Sample composited for metals analysis.

Grouted Boring

Som& N H-=Nu

<15

L Vaw

(HARTTROMWSER

J-3711
Figure A-4

1/83




Boring Log B-8

A
tn

I
n

A
tn

Geologic Log
<3
& Approx. Ground Surface
0 .€ Elevation in Feet Sample N H—Nu
0 P
3 inches of ashpolt over, loose, domp,
- brown, black and gray, slightly siity,
very grovelly SAND with ospholt ond
m bricks. (Upper FILL)
7 ‘ S—1 X 16
_ M
5—
—] 5-2 X 8
Very loose to medium dense, to wet, D.M
- gray, silty to very silty SAND with
wood pieces. (Lower FILL)
7 S-3 13
- DM
10—
- S5-4 X B
7 5-5 X 10
15—
-] S-6 X 3

Dense, wet, gray to greenish gray,

- siity SAND, SILT, and WOOD.
Bottom of Boring ot 19.0 Feet.
20— Completed 1/21/93
25—

1. Refer to Figure A—1 for explonation of descriptions
and symbols. ’

2. Soil descriptions ond strotum lines are interpretive
and octuol changes may be gradual.

3. Ground water level, if indicoted, is ot time of drilling
(ATD) or for date specified. Level may vary with time.

D Somple submitted for WTPH-D analysis.

M Somple composited for metals onalysis.

Grouted Boring

HARTORONYSER
J-3711 1/93
Figure A-5




FIELD DATA
SOiL DESCRIPTION > a Penetrstion Resirtance Standerd Penetretion Equivaient LABORA-
o Ev & |B3 6| (200 nemme 18~ aropl (140 1. hemmar, X" drop) TORY
s w Y § ES @ A Biows par foat TESTS
oW | Surtscs Elewetion: 211.1 fest ow ©oE o
Very ioom, grey, ciean, gravelly SAND; numarcus ¢ ' Gh a
brick and concrete fregmaents (FILL) prd
2 =
, 3 I
1.1 10 AT
Very devus, brown © gy, cleen to sy, fine to
oosrss SAND snd GRAVEL: Tece of orgenics [ Jo od
ez
1T
 Ju s
]
wi
"=
127=MN
Bl
14
5=
[ o o
17 ==N|
1l
[} ot
-39 §1.0 20-XN}
BOTTOM OF BORING
COMPLETED 8-284
NOTE: SOIL CONDITIONS MAY NOT BE
ACCURATELY REPRESENTED BY
THIS LOG. THE HOLE WAS
SLOUGHING CONTINUOUSLY FROM
NEAR THE GROUND SURFACE AND
SAMPLES MAY MAVE BEEN
AECORDING ONLY THIS SLOUGHED
MATERIAL.
l\
.ROTARY DRILLED WITH REVERT DRILLING -
FLUID
. ) 10 20 0 ] 50
Oownnole @ % Water content
NOTE: The straificstion lines represent the approximete boundaries
between il types and the actusl wansition may be gradusl DOWNTOWN SEATTLE TRANSIT PROJECT
LEGEND
I 125" 0.D. wlit mpoon mmple Impervious sl Atterberg kmits: LOG OF BORING TB-2
IT 3" 0.0. thin wall mmpie Water ievei —@—{— Liquid limit STATION BY+42, 41 FT. ILI
6 Frah samnle Piazometer tip \ Natural wetsr content fNUARY 1986 . WA426500
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. FIELD DATA .
SOIL DESCRIPTION : < I3 . Penemrastion A eusncs Sanasrd Panetraton Eguwsant | WABORA.
; E. = §= £ [900 b hwmmer® 18" droo) (140 15, hememer, 30™ croa) TORY
a Eﬁ z 55 X A Biows per foot A Blows ter foot TESTS
=@ | Surtace Elevapon: =100 fewt ax & |9 ow 100
My 0enas 1o very laos, Black, sandy, ity 0 = °
GRAVEL; mostty tumg, cosl, ang Bk fragments T o
l -
FILL) ) aI :; :;:
s |Tfe
s |4
8= | |=
1T | ®
]
-10.0 2 I
Very ioom, gray, uity, line SAND: Darity signtry o T
clayey, race of gravel, acattered ongarecs and sheil “,I
’ nl
nT
«20.
0 Loom 10 Tegum gevm, gray, sy GAAVEL: 1Bl
sheil tragrents 1a s
250 kL]
LOGSE 10 Mecium cenm. gray. UGy wity. ine 1© I
meciym SAND; scatteed gravel, sheils, and wood "I
fragments nT
wl
19
J7.5 415 I :;
Meadium mit to very UM, grev. mady, sty CLAY. o o
SCITTerE Gavel NG OFQRMCL wath 8 Cltvey oravel aT |2
lawer I ::
<450 55 r F 4
6.5 [ Srown PEAT ~eas 1
Megium canm. Fay. mity, grewsity SAND (TILL-' T
-50.0 | LIE) A%® =T
Sott to very m** gray, uity, mngy CLAY, with
Ciean 19 wity, line Wng WMA: ITICGE OF gravel =1
oL
£a.0 n 2L
Megium denm (o wify OiTER, Jrav, Bity, Clavey, aT
orwaly, tnve © cosrm SAND (TILL-LIKE} mI
nLl
-
n=
M=
B=
.78.C 380 J5==N
8O0TTOM OF BORING
COMPLETED 10-12-84 . E
] 1 .
i : ;
| | 1
: ! !
HOLLOW STEM AUGER DRILLED WITH WATER ) ; | ) . l i i
. H :
NOTE. MYDROCAMBONS QBSERVED FROM H ' .
DEPTH OF 55 TO 20 FEET. [ 1 i
1 1 .
! i ]
: ] |
: i | :
. [} 1
! ' ! ]
: | !
: . .
K] 10 20 ] 40 0
*Oownrom @ % Wasr contem
NOTE: Tiw fa Iy "™
o e mev oo @ DOWNTOWN SEATTLE TRANSIT PROJECT
LEGEND
I 125" 0.0. oit woon mmoe Imosrnous s Atrartery kmers: ‘ ) LOG OF BORING TB-3
IL 3 0.0. the wail mmow Warer vt == Lioued bm STATION 9125, 3 FT. Al
G Grah mmom PimzomeTe UG NaTurst weter convent JANUARY 1238 w-428500
N Simow not recoversd #  Semow oushen Praguc Irmn g:m:rcmmnmc' F1G. A-3
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FIELD DATA
SOIL DESCRIPTION . ] Pensustion Aesmance LABORA-
e B § {33 € (300 1. emmer®, 16~ drop) TORY
2% £t a 22 B3 & Biows per foot TESTS
2% | Surfece Elevagon: % 47.8 fert ouw o aw
Very ioom 1o medium densa, gray and brown, fine 0 L Ixxr o
graveily, sity, clavey, fine to coscm SAND; 1 Gﬁ g .
seatrerad orgenics and ON-0Xwie ELINS (FILL) 2 i o
& .
3T < |
«T =10}
71
s o
!-AIT hd
3 7.5
x Medium cemm 10 very dema, gray, clayey, sity, s T g
- gravelly SAND: with lnyers of hard mndy, sifty 1T n
clay, westhered (TILL-LIKE) AN |
[
21.8 2 0L ](R
Very denm, gray, clayey, wity, graveily SAND and BA memty |
wndy GRAVEL; with layers of hard, gray, sifty clay 20
TILL-AIKE) o= |47 5%
A F A
d’ t’ . ’
o= |y 4=
A~
n= |1 £ n
na=N|4 2 4
P .
12=x= |r ,:
uv=lt¥r
1 A
4= a: 4‘: .
B ;: ;: 50~
wx |1 %
-
17== :: ::
= £ 1
w= 4T
-14.2 62
Very denm, gray, slightly sitty to wilty, fire SAND 03=
2n=
n=|L
-
222 0 = |4
Hard, gray, grevelly, silty CLAY »xd SILT A
.25.2 7 o —— ‘4:
Interbeddied, very dense, gray, silty, fine SAND and == {}
gray, fine mady SILT; lavers of white, coarss send v
{purhice); trece of OrENics to scaTteTed OYENICH 2]TrT
throughout; pest isver at 299 temt e
. [P
A » ':
] |7
N=r
n=
n=
=
527 1005
BOTTOM OF BORING
COMPLETED 7-18-84
ROTARY DRILLED WITH REVERT DRILLING
FLUID
*Downhole Hammaer
NOTE: The muratification iines represem the .opl_'u'-mu Dourdanies
barwaen soil Types and the actual Tensition mey 5 oracual. DOWNTOWN SEATTLE TRANSIT PROJECT
LEGEND
T 125" 0.D. mlit woon mmpie Impervious see! Arterbery lmits: LOG OF BORING TB-4
IT 3* 0.D. thin wall mmpie Water lovel $—@—}=—Liquid limit STATION 84+89, ON R-LINE
G Grab mmpie piczomets 110 \ Neciral water JANUARY 1986 W-426500
T mme s P  Sample pushed Plastic hmit , g’:;?:g':?cﬂ;ﬁﬁ;,mc' FIG. A-3

.. et - ke
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FIELD DATA
SOIL DESCRIPTION R 2 Penetrrion Reucance Sanaard Peneration Eouwaem | WABORA-
o £ = 1% s {300 /5. Pemmer®, 18~ arog) 1140 1o hammer, X0~ orog) TORY
- - Tew 3 |33 2% A Blows pe foat A Blows prv oot TESTS
i | Surface Elevauon: =100 fest Qw u |63 Qu 80 100
Medmum v [0 Cenm, Drown, gawsily, e o |0 To Q
cosrm SAND: bracn frage ard 1| 2% :
orgamea IFILL) ) I -
10 7 o
Loom o medum owm. Discx, uity SAND snd sIN
GRAVEL: numerous Drica snd wood fragment T
{FILL)
sT
s IN
1T
120 n ::_: ’
. Matiium dens D viry TR, Drowh 1D DIBCE, MUY,
ciavey SAND and GRAVEL
10 ==N|
nI
12T
270 » WL
Very oemm. 1an 10 iGNt GTRY, Uity, Clivey, wvelly 1
SAND: locaily graoes (0 Qravel, RUMINOUL VoM 1SaaN
ORNIe TTHNE. OCCALONS! CODDWS , Tace Of orgerucs .= "
{TILL-LIKE)
17am v
= ) h
m—nl T2 —ah
20 =N
21=N L s
-%0.0 50.0
30TTOM OF BORING .
COMPLETED $-13-34 ;
NOTES
1. DRILLING STOPPED AT 60 FEET DUE TO .
EXCESSIVE COBBLES AND GRAVEL. :
2 MYDROCARBONS QBSEAVED FAOM E
DEPTM OF 7.5 TO 36 FEET. N 1
Lol ) 2 ’ .
ROTARY DRILLED WITH REVERT DRILLING | . ' ‘
Fwoe 0 ' . !
é .
H .
i ; :
N : ;
. i .
i ;
: ,
) .
- - —_—
H ' '
. . i '
. 1
i i |
' 1 )
i i |
I ! :
! o :
*Downhom # ] 10 x X 0 50
tutking ® %\ Wimr conrem
NOTE: The t I 1R 000N WRSTE Doyrana
Drtwasn Tyfe SN e aCtull
- . mvo COWNTOWN SEATTLE TRANSIT PRCJECT
LEGEND -
I 31257 0.0. wit wwoon mmon [ a— Attortery hemers: LOG OF BORING TB-22
II T 0.0, thn weil mmpie Water tovel = Lot i STATION B9e74, 32 FT, (L}
G Grab . "o - \\ ~ JANUARY 1986 W428500
N Samoi not recoversa P Semow cusred Plame hmnt Emgg’;hg:ﬁo":“‘“c‘ FIG A~22




FIELD DATA
SOIL CESCRIFTION . 2 Penetrtion Amasnce Snaard Penetraton Eguwamm | WABORA-
= - Ee & [¥x 4 | (30m nemmert 1857 aroo) 1160 0. haemwner, X0 droa) TORY
‘e se 2 les w3 A Blows per foox & Biows gar foa TESTS
: S X | Surtace Eieveoon: = 9.7 fest Sa w |0 ou 80 100
; i Very 100, gravgreen 10 DCR. Cliyey, BITY, 0 . :_‘-z 0
H grovelly SAND: with wyers of sity clay, Exttersd 1:: -y wry
wood irsgment, Eatiers] glasl shd BNCEK ,‘ﬂ": e
, fragments IFILL) 3 e|= !
| +T H
sT :
eI ..
p T _'iu—_l.
) s L 828
-1a3 20
| Very 101, grav. cuvey 5ILT: tece of argemey s : 5&-5——“
KRN thell ftragrmenrs wl °
{ nl |/ i
g 1 !
' .20.3 v 30 2L
. Very i00m 10 megium genm. graY. Wity, hne 10 ° -y
medium SAND . iccally Clayey, Eamersa el ang ur
woor iragments
’ s T
] wl _
J 7
ul ;
H s WL :
+37.8 7.5 '
Medum OsrvE {0 ORI, GraY, UQNTlY Cavey, Eity, 2T .
snav GRAVEL, scrttersd wood and swil 21: :
fragments . - I :
i I oR 0w, gav. Gavey SILT, uity CLAY s T . .
orown T .
! a3 — e s 20 ;
I Soft t0 wery mft. grey. uity CLAY. wath avenn HI ry
ot ulry, hine wnd and cavey it matersd ;
organica sng roat hoas - |
a1
2T
=T .‘ ®
, 4531 s ¥L bt
I Meium cenm 1o OFnw. AV, ClVey, ey, nE '
! wity SAND. Tace sl fngmu (TILL-LIKE) A
\ - .
7.8 825 =I l
Mecum mift 10 nerd, gray, fine gravetty, mndy, :MI }
nity CLAY, wamh Lvers of clavey SiLT anc fine =T !
wnav SILT. trace of orgemics (TILL-LIKE) -
» L
I :
» i p—— W
' »L 1 } i
V. .89.8 99.5 ‘UI i
BOTTOM OF BORING i 1
COMPLETED 10-11-84 l ’ . | ]
1 o ; :
'I > i . :
' - 1 - | '
wOLLOW STEM AUGER DRILLED WITH ' y T
WATER H ! i
i . .
R [ U E B T I
- NOTES ! | |
1. DEEP MEZOMETER DESTROYED AFTER ! .
I 10-1584. ‘- I |
) 2 MYDROCARBONS OBSERVED FROM ’ | . l .
L DEPTHS OF B TO 125 FEET AND 18 T0 ! i
185 FEET. . — e i@ meem =
)
] 3
| o
o Marnemer 2 10 £ x © 50
i oo ©® % Watw conmem
' NOTE: The sramtti hrwa the L)
- ou fvom ana e mve * DOWNTOWN SEATTLE TRANSIT PROJECT
LEGEND -
T 2257 0.D. mut moon wmowe {mosreous el Arterbery limats: LOG OF BORING TB-25
IT I 0.0. thin wall mmpis Wamr love! = Lsquud ben STATION 9435, 2 FT.1R)
G Grb mmoie ' Piczometer 10 \ N —ster JANUARY 1988 w-4265-00
N  Samow not recoverso P Sempi pumne Plasnc me é:;::?_:."cﬂ:ﬂu:"mc' FIG A=25
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FIELD DATA
SOI. DESCAIPTION . 2 [p—— S ’ € LABOARA-
: o o |8; 5| otaommmetX oo (140 & nemmer. X" oroo) ToRY
oy €= 3 13%F %% A Blows pe toot A Biown ger toot TESTS
T w | Surfa Elevavon: = 0.0 leme as % |cF 100
LoOM 10 vary xaom. Drown, cmen, fine SAND; < T
cnder, 190 sng coal iragment, wah umps of
wq] Sy st (FILL) .  n
Very ®ft. orav. sity CLAY . incallv ey, - I g Y 7.9 =i
E3Tered woog and orgEfec Matarial ang Hrack o
1z j e FILL) n ‘L R
Moghum Curm tD Sefvst, Disck, 8ity 1 clssn, fne sT =
proweily, lirm 1 coarm SAND: locally cayey, wth s T
cantered bnok fregmens (FILL]
1
s
. 2
122 Very ©Oom, brown, wtertsaosd sency, aky PEAT 'I
82 ang fine 19 cosrm SAND - 1w A 1555 —=il
- ey 100 © OoW. (Fay, WTY, Clivey, vy nl - GSA
SAND wntn orosmcs ”~
2 TLAY o 3 nr| Z
2 =S e o = Z
L =P e oraano) il 1IN =
Very om. grav and grewregray, Civey, ry =
graverly, mity SAND and gravesty, Bray, ! wl ” -
sity CLAY (TILLLIKE) Cobbie(n’ w=N < h
wT| Z 8,136 GSA
-31.2 “ 17 = ; b
Very cwmm. prav. cuan o sghtly ity, gravetly, - N
SAND sne wnay GRAVEL; nit, cisy ana pest Ve ”
uvers 192 2 A
”
2L =~ A
Sity clay i2° 2T 2 B
Paxt W 55 R 2 =
=z | Zz
”~
nLT| 2~ L y —
522 a2 | Z D@ LSS = GsA
Vory ceme. (rav, uigntiv Clavey, uity, fve -] > - s i
gravetiv, e 0 arw SAND (TILL-LIKE) E = z ® - b v s 3
HI ; ...... ! ® -l e : u:s-_-‘
<02 xoa=| Z » ‘A . L 2N
BOTTOMOFROAING (| ) e 7 e e ] e o ] .
comeeTEDSaoas | | | il i . :
|
i { ’ E
NOTE: WYDROCARBONSOBSERVED FROM | @ | |ocee- . .
DEFTH OF 6.5 TO 23 FEET. i
: :
=OLLOW STEM AUGER DRILLED WITH i | '
EZ-MUD DRILLING FLUID . H !
! i i
: , !
: ! !
¥ i ;
i I i .
1 . . =
. ’ )
! : ;
| . i ]
) »
i ; |
-1 1) { . _
' . 5
. ! i : e
| ! I
[} H i
I i |
. " I
"Uphom Mammer 0 10 F F) ) 50
@ N\ Watr cireem
NOTE: The mritificovmn wnes e soor - . |
e e e = DOWNTOWN SEATTLE TRANSIT PROJECT
LEGEND
I 125" 0.0. wit xoon wmon Impervins wpl ATtertory bt LOG OF BORING TB-78
x I 0.D. ther wall mmpe Wonw wwwl |—H—Lmdlmu STATION 89=27. 15 FT. L)
G Grab mmom haomen up \ ;mmm U JANUARY 1988 w-428500
N Ssmoie ot fecoverss P Samoie oued Plasmic 1wt fs;:;m::c'us.?:i‘m; . FIG. A-78




FIELD OATA
. SOit. DESCRIPTION = 5 ry r s ’ 3 LABORA-
3: £z 3 gx £_| (3142 mmmert 30" oroo) 1140 ur--.rums 1'{'0"
[ 33 X ESTS
& | Surtace Elevenon: 2 113 tent g 3|35 %2 A oo ow oot ma h:“‘m 100
Very oo to megium oenm. awe brown. caen 1o |0 ‘.r! of - .- \
sity. grawmly, fine 1o coerwe SAND: locally cavey, 1: ™ .
ERTISred coml anet bhk fragrments (FILL) :_-
. 1 4'2_
CONCRETE=——8 3T | 1=
L
o 4
sT 1 <
-7 L] +
532 b DF™m. 0arx grav. cuvey, mnoy SILT 18 mity 185 s b4
.‘SAND: CRTRrSY rIvel. waoD nd OIGAMC lFII.ur "'I ps
Loow © medum cevm. Fay, sy, ow (D comew I T
mnay GRAVEL to gravenly, fine to coarse SAND 4
-12.7 IF"'E— 24 QI p
Loose (s0Mt} 0 makum cerm wery mft), wl <
. interosnced, oray snd brown, graverty, suty SAND, b4
wnoy, mity CLAY ang orpans SILT; with orpema » nI | ¢
m.— F J
AT — ' - :;%N!
R Wy ONTE. Lrown. MOTING. graverly. Cibygy, MRty
27 | SAND  womaxwe Saww (TILL-LIKE] n» nT
Vary cira. oy, cuan to sity, ravelly, line 5=
cosrm SAND snet mnov GRAVEL; satreved
oo, DOLly clayey =
7
nl
I
XTI
nl
zl
E=Ju
2T
. " aI
Clavey o ey 10, 26T
=
-S89 208 smmeyt
BOTTOM OF BORING 2
COMPLETED 9585 ;
HOLLOW STEM AUGER DRILLED WITH .
EZ-MUD DAILLING FLUID :
nOTES i
1. #YDAOCARBONS OBSERVED FAOM DEFTHS :
OF 8 70 12 FEET AND 2.5 TO 24 FEET. —
2 LARGE ROCKS 69 TO 70.2 FEET, i i X
2 DRILL MOLE TB.784 WAS LOCATED 20 ; i
FEET NORTH OF TB-70. TB-79 wa$ e
ABANDONED BECAUSE AUGER waS !
QUTOF-PLUMB AND SAMPLER BROKE OFF
AT 18 FEET. Lol ' """ :
1 l
: i
+
; i : 1
: ] :
'| i
t ]
S
' A :
| |
X ]
. ) .
. I
*Uonois Mamener o w0 2 = « sa
NOTE: The sratriscation mes rece e appr 0 8w
ST g0 TYDES ANG LN actum mey e ¢
DOWNTOWN SEATTLE TRANSIT PACJECT
LEGEND
I 1300 win woon mmow Imcareams
= - Atartery bomex LOG OF BORING TB-79
I T 0D. 11en weil wmose Watar ipwst o e L STATION 33+74. 17 FT. (R)
G Grao mmen Picromenr 1o | (O JANUARY 1588 w4285-00
N Samow ot recoverss Samois pushed SHANNON'& WILSON INC
i * Plamc Lt Georrchnical Conmitanty FIG. A=79
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FIELD DATA
SOIL DESCRIPTION . a Fe—— S ’ Eoumarert | ABORA-
> E.— £ ‘§. 5 (207 18 hemmer X0~ arop) 1140 . hemmer, X0 aroot TORY
- - ew F 125 9% A Biows per toot 4 Blows per foot TESTS
S o | Surface Elevavon: 2 9.9 teer Be v |G2 cujg 0 100
Very icom. bromn, mity. gravetty SAND (FILL) ° " T ¥ a o B
]
iy 4 “
Very isem. gay anct gravorown, sity. Cavey, I ::E
woveily SAND [FILL) s Tl <~
o
«T :f
See | &
4.1 14 P
Very 00 0 DOBE. (rev. CMN ©D Nty Bity, s T 4:
fine 10 coasrm SAND: manersa gravet 7I :_ csa
o
Ll :-
21 z 3
Loow © mmwm asnm. gray, Cuvey, Sity, Favely I p g
SAND 1oL 1
1 s nTl|¥
Very wth, grav, cavey SILT. numercus snen Py
72,1 jtrmenn X
i Denw ™ wrv com, darx grav, wity. hre SAND: 1T
nd hne mnoy SILT: numercus wnet tragmenty, wT
iocatly Ry Cuvey tO Citvey T csa
T :
nI ;
wI AN SV B
wl T o o
T - R—— ' GsSA
Xl i
=T i
al
g 8] &0 .,
Very mif to on, seroecocec, gray, niry CLAY uL
ana car. orown, aity PEAT =T :
556 €55 2T i
Soft to s, grev. wity CLAY. enmm of wity, lne T )
sang
211
21
£55 755
£7.1 fm D, srev SILT ~T7 31§
Yery osnw © wry oo, gray, cawvey, sity SAND;
©aaily gravelly \TILL-LIKE) T
oI
781 s M
Deng Lharal. 3rav. Nteroecaec, cuvey SILT ang
801 sty ine SAND %0 SI
2ense 10 very 2enw 3rav. Graveiy SAND eng T
wnay GRAVEL. 'acaile wity and cavey ana T P =
wEatterea she fragment
Cooow =1
»T
W=
ol
Q=
L
45 oo
o4 =m
Y
a=
-1129 1228 WYem
BOTTOM OF BORING
COMPLETED 1285
- NOTE: MYDROCARBONS ORSEAVED
FROM DEFTM OF 77.5 TD 28.5 FEET.
MOLLOW STEM AUGER DRILLED WiTH
EZ-MUD DRILLING FLUID
9 10 0 ) « S0
v @ S Warw content
NOTE: The \ ey e nae
- e : v DOWNTOWN SEATTLE TRANSIT PAQJECT
LEGEND **No wmom aen
T 703 2t woon e Imomrcus st Arceroery amets: ' LOG OF BORING TB~81
I 7 0.0, v wall mvmpe Water imvel e Lo vt STATION 93+54. 174 FT. (R]
G Grn wmon ¥ eromerer 1o | O S JANUARY 1088 WA2ES00
N Semow not rcoverss P Semoie oushed Stamic et g:;::s";l"c:ﬂ“'“c- F1G. A-81




FIELD DATA
SOIL DESCRIFTICN . - > a 3 ; : T| LABORA-
o E.. £ |8, £ {314 1. rarener®, 30" arool {140 & hammer, 30 drool TORY
- tw ¥ |33 @§ A Biows per tomt & Wiows pwr oot TESTS
=% | Surtam Elevmvon: 2 R2 fast Su ® |G Ou 80 100
TT[\_Fine t6 coarse GRAVEL, anoutas IFILL) as |E § LI :
MeCum oenm, Brown, sITY, grawely SAND 4 zI b .
42\ 1 wnav GRAVEL IFILL) ' N
Very 0Om. ¢ray. cavey, Wity SAND, sattwred z
48 j—Toe. mace of orasney (FILL) 9 «T o
Vary moft, gray, sity CLAY 10 cavey SILT: s T -
SEETTE0 wocd (ragrrents and trece of oroenes s 5H’ -]
shell fragments, Gty fine wndy -]
1T
oI
s
wTn
nr -
wIl (2
3T |3
b E
]
ms g BL -
Loow 1o denm, AR gy, Eity e snd fine "I 2
medwm SAND: numerous il fragments, 17T i«
AT Crpncy, Lrace of Ting gravet wT <
a
vl z
2T I=
nI g
=T §
<88 7 HI LA
-y w20m, MR Ay, live ndy SILT. Txce of &8 :.I -
oraamicy _ _/- ot
SOM 0 W, QM rown, Bty PEAT ang =T S
548 == osatv SILT Ve [ “H' ~
Soft 1o very uft, ray, unty CLAY. trace of nI |
organia, rocaily tine mnd, nws of tine 0 2T w
menum g -
aT (2
g
1 P
538 ” 3 n
Looss (@113 t© conee (hem), gray, MTETDSO0eT, NI
Cltviy, wity e and fine o Meguam SAND, nT
gavaity, ufty CLAY and cltvey SILT (TILL-LIKE] xT
-78.8 87 II
Verv gems 10 oenm, gray, sity SAND snet mnoy T
SiLT. ocaily clavey, wmes of clsy sna cean =g yI
vers . =T
a7 e
Cloen mng ol .
—————t OO §
913 wis :
BOTTOM OF BOAING e s . . '
COMPLETED $.4.85 Tt e ) M T i .
o I R s o :
MOLLOW STEM AUGER DRILLED WITH WATER - : B
:
)
1
1 H 1 |
'
]
*Ucmie Mammer ¢ 0 x kY [ ) . S0
* Wanw oot
MOTE: Tre " trmy L] [T P T o -
betwamn v fypmm andl the ERm may o o
. DOWNTOWN SEATTLE TRANSIT PROJECT
LEGEND
T 125" 0.0. min woon mme:
" Imosnrcus el Areartary bome: LOG OF BORING TB-82
IO 0.0, vwn weit mmpe Wi s = L wen STATION 96+60, 166 FT. (M)
G Grbd wwom Pisxcemrwr 10 \ \ [ —-—_ter JANUARY 1985 W-A285.00
N Semo SHANNON & WILSON INC.
= o recoversd P Semoie cuwres Pavuc uma Gegtechmea Conmitent FIG. A-82
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FIELD DATA
SOIL DESCRIPTION = & - 3 P~ Stncerd P on Eou LAGORA:
> EE a B 5’_ {314 b, hamrwner®, 30" drop} {140 b hemmer, 30™ drop)
ww w A Biows per foot A Riows per toot TESTS
@l | Sorface Elevetion: 212.9 fest ad g Eiﬂ 23 .
Very ioow, gray, silty SAND; trece of grrvel snd 0
bieck and brown, mattied, preveily, mndy CLAY; ' 2
7.9 matevist and brick Fi 5 2
Very denms, gray, slightty sity, fine to cosrme 2: 0
5.4 1\ mndy GRAVEL %
Danse to very dense, gray, clean to siightly silty, T
oravally, fine t0 medium SAND: loaily siightty ity
and ciey isnes end lumpe 6.
4.1 17 ‘I
Very denmw, brown, clesn to slightty silty, fine to by
cosrwe smndy GRAVEL; locel layens af siity clay a T
9Tz
-120
Hard, gray, sandy, grevelly, sity CLAY sndvery | 20 101
dense, silghtly claywy 19 claywy, siity, gravelly nx
SAND (TILL:\LIKE)
12T
208 1y RI

BOTTOM OF BORING
COMPLETED 12-11-85

HOLLOW STEM AUGER ORILLED WITH WATER

‘Uphaie Hammer

NOTE: The stratification lines represent the spproximate boundaries
between soil types snd the sctust rantition may be gradual.

LEGEND
T 3 0.D. mlit spoon semopie Impervious sl
IT 3” 0.0. thin wall mmpie Watsr level

G Grab mmple

N Zamoe not rectversg 2

Piezomerer tip

Tampte Dusnen

**Not representative blowcounts

DOWNTOWN SEATTLE THANSIT PROJECT

Atrertarg limits: LOG OF BORING TB-91
@ Liquid limit STATION 86+30, 36 FT. (L)
\'. \_ Natural water content SANUARY 1086 W-126500

’ Slagne mit E':_A:':E'_“"_i!‘_“”:_ s I =z =91 |

A

.



FIELD DATA

SOIL DESCRIPTION < 2 LABORA-
25 Bt 2 il
2% | Surfece Elvadion: $11.7 fem ar S
.| Loow to very ioom, biack and brown, cisen to o
silty, fine to coarss mndy, fine 10 cosrm GRAVEL 1T
and graveily SAND; brick fragments and peaty I
jorvaes (FILLY 2,
. il
-1.3 1
Vary densa, brown, ciean to mity, fine @ coars 3 T
mndy GRAVEL and gravelly SAND s 1.
sT
g
o Very denss, brown, cieen to slightly silty, gravelly, 25 1T
tine 10 comrss SAND; scattersd cizy lumps and sift s I
lsnms
oI
1wl
1 '
2.1 Very cenm. pray, slightly clayey, silty, graveily B 2T
248 | SAND (TILL-LIKE) 33 BIN

80TTOM OF BORING
COMPLETED 12-12-85

NOTE: BOULDER ENCOUNTERED AT 35 FT.

HOLLOW STEM AUGER DRILLED WITH WATER

*Uphole Hammar

NOTE: The siratificrion lines MDressnt tThe apOroaimets bourndanes
muﬂw’.ﬂhmmmmuml.

LEGEND'
T 3~ 0.D. miit woon wmpie Impervicus seal
JT 3* 0.D. thin well mmpie Water tevet
G Grad mmple Piarometer tip
N  Samopie not recoversd P Semols oushed

Atterterg limmts:
}=@=—t=>—Liquid limit

Nanural watsr content

Plamic linnt

DOWNTOWN SEATTLE TRANSIT PROJECT

LOG OF BORING TB-92
STATION B7+48, 39 FT. (L}

JANUARY 1986 W-4265-00
SHANNON & WILSON, INC,
Georechnical Conmuftants FiG. A-14




FIELD DATA
SOIL DESCRIPTION . A r r s r = LABORA-
> Z. £ |%; £_| 134 m neven 30" ooo 1140 B Narrver, 20" oroo) TORY
ot -e 3 Sa 33 A Blown pwr foot A Biows car toox TESTS
wiw | Surface Elvecon: +10.8 fest Ca w |GE ocajp 2 : 0 (] 20 100
Very oo 1 medim Osis, Drown anc dan grey, |0 : X :
sty clavey, graverly, Bity, fing 10 cosrm SAND 'I
g -m GRAVEL IFILL) :Ipq -
. E e gl R 25
L]
-T2 12 ‘I
Matwum conm © cenm, trown, lne grawty, SI
sgnTty sulty (D ssty, fing and fie 8 MEum
SAND e~
7.7 s 1T
Very arnvm. Drown, megt wiry, e or v
A2 = SAND ITILLLIKE) 2 T
<127 |, Hard, Drown ang grav-0rown, sghtiy Crvey o i7as o=
37 R\citvey SILT, wnd ienan. 1ocatly srevety fzu 0=
Very oonm, rav-orown, Cavey, Bity, (Fveiy
SAND ITILL-LIKE) nI
Very 0enme, Brown sR0 gray, shghtlv Crvey, Bty 171
wity. raveity SAND ana ssnay GRAVEL, scsrores
cooome nI
I
18 I:I
wI
nXl
ul
nl
'm n:
Very osrus. gray, Cavey, Cman 10 nity, prowetly
SAND fTILL-LIKE) -
:;g Ve e grev_srve v, e o e SXRD_ - gs_u =
BOTTOM OF BORING
COMPLETED 121485
HOLLOW STEM AUGER DRILLED WITH WATER
: S
" "
..... E . : .
L] L
¥ : *
..... : Y [ oLl
N N R N B D M
. -0 -
..... N I .
. i -
........ : - :
) 1 : :
. : : :
: ' i :
: : . .
w [+] 10 . ] L 5
@ % Wawwr csvam
NOTE: The sowtrication wews reDresst e apOressmsTe baunoanes
DEre——
VR S O% e TS v @ ¥ DOWNTOWN SEATTLE TRANSIT PRQUECT
LEGEND
I 7 0D. wint tosn wree I ATmrtary LOG OF BORING TB-93
I > 0.L. then wni mmon Wamr weal e (et et STATION Bi=19. 38 FT. 1)
G Gras mrwom " o _, JANUARY 1984 WA265-00
\ SMANNCN & WILSON. INC. -
N Semmw nev recveres . ?  Semom o Plavnc e G mecai Cormiants FiG. A-93




: FIELD DATA
.’s SOIL DESCRIPTION » § Fenerration Resnance Stance. d Penetranon Eguwalent LABORA-
> Eo- = |Z E £ {140 th. hammer®, X" tiup) 1140 b hammer, 30" drop) TORY
oW ws X 1B §i A Biows pe foot & Biows par toot TESTS
- Y | Surtecs Ebevanon: $11.8 test I3 a £} 3 Cu
Coa Dark brown, sightly clayey, uhty, mndy GRAVEL |0 2
- B.6 1 IFILL) 3 " T ol
Medium stift 1o stitl, mottied gray-brown, fine 5.5
prawlly, clayey, sty SAND; with organic debris 8 2T a:l‘\
: A6k FiLL). 3T |4
Loow 10 medium dene, gy to bieck, silty, graveliy 4I £
1.4} SAND; organic debrns (FILL) Au T
Stiff, dark brown, arganic SILT; with abundant SI -
o 5.4 | P8t and wood [FiLL) 17 GIN J:
Sttt to hard, mottied gray-brown, sandy, silty CLAY: :'..
09 acattered orpanics and coal-like fragments (FILL) 215 1 ::
" Very mit! 10 hard, gray, praveliy, wndy, silty CLAY SI o
and vary dense, silty, claysy, fine gravally SAND; v T | 4
- locally iron-oxide swmined (TILL-LIKE) 0 “
-k -16.4
¢ Very deme, gray-trown, slightiy silty, fine 10 ® I
o maedium SAND; scattersd graval 12
-20.9 - - - 325
Very dene, gray-brawn, nterbedded, siightly silty, 13I
. #raveily SAND and mndy GRAVEL
5 =
2 3= =
«20.4 4]
-30.4 [ Very dense, gray-brown, silty, fine gravaily SAND 42 6=
{TILL-LIKE) [ 177z
- Very dense, brown, dlightly silty to silty, fine B
C gravally, fine to coarse SAND .-
i WX
oI | &
8 4 y
- - BOTTOM OF BORING 62 E
COMPLETED 2-15-86
- NOTES: 1. FUEL-LIKE ODDA OBSERVED FAOM
3TO & FEET AND FROM 11 7O 13
FEET.
2. SHALLOW PIEZOMETER TB-BSA
INSTALLED 3.5 FEET WEST OF
- TB-85; SLOTTED 2 IN, PVC FROM
1.5 TO 12.5 FEET IN DEPTH;
BENTONITE SEAL FROM 1.0 TO 5.0
FEET IN DEPTH.
! HOLLOW STEM AUGER DRILLED WITH WATER.
f
|
b
3 *Uphole Hammer
NOTE: The piratificayon hnes represant the sppfonimate boundasies
between 50il typas anc the scrust tramsition mey be pracual, DOWNTOWN SEATTLE TRANSIT PROJECT
LEGEND .
L 270D, win spoon wmple impervious seel Anterbarg limin: LOG OF BORING TB-85
Il 3" 0.D. thin wali mmpie Watar lovel —®—{=— ciquid limn Wet26500
1 G Grab mmple Piazomenr tip — Naturs) wais s'“nc: 1088 —
\ - HANNON & WILSON, INC. ]
Planic benit Geotechnical Conmuitants FIG. A-17

N Sampie not tecoversd F  Sempile pushed




. - FIELD DATA
0 X SDIL DESCRIPTION % w T R Panetration Reittsnce Standard Penetration Equivalent | LABORA-
A N a E‘! «g (3142 ;-m‘. gmnﬂ {140 lb. hammer, 30* drop) ;g:r‘;;
lows Blows
S | Surdece Elevation: 213.4 feat ad 3 &: &% P 4 pes oot
FiLL
I
::L: CONCRETE : gI I T g
Very loose, dark gray, siity, clayey, gravelly SAND -
. and mndy GRAVEL (FILL) 3 o
i 20 as &
| Medium dense, gray, gravelly, clayey, mndy SILT s
; -1.1§_and silty SAND (FILL} 45
“LBA Stitf, browngray, silty CLAY snd gravally, ; I
- 6.6} \mndy, chyey SILT 19 o1
\Vw dense, gray, sity SAND end gravelly, sndy, / °I
clayey SILT (TILL-LIKE) '|UI
. Very denm, trown, clean to slightiy silty, fine to " I
{ coarse SAND snd mady GRAVEL
12T
13T
1w
-23.6 37 18 I
! | Very dense, brown and gray, ciesn 1o siightly mity, Ths
.27.6]|_mndv GRAVEL o T
t BOTTOM OF BORING
& COMPLETED 2-15-86 .
, REFUSAL AT 4% FT. ON POSSIBLE BOULDER
NOTES: 1. FUEL-LIKE QDOR OBSERVED '
- FROM 0 TO 10 FEET. .
HYDROCARBON STAINS AND '
COAL-LIKE FRAGMENTS _§
AT Q.7 FEET. g
| 2 SAMPLES 1,2, & 3 FROM FIRST i
! ATTEMPT TO DRILL. SAMPLES
4 THROUGH 17 FROM RE-START ;
! OF T8-96. CONCRETE SLA8 i
| ENCOUNTERED DURING REDRILL. !
| :
| |
“Uphole Hammer
NOTE: The stratification \ines represent the spproximate bourdarios
ecween aail types and the acual transition mey be oradusl. DOWNTOWN SEATTLE TRANSIT PROJECT
LEGEND
T 3 0.D. split spoon mmple I Fparvious el Atterberg limuts: LOG OF BORING TB-96
II. 3" 0.D. thin wall mmpis Watsr lovsl —@—=— Liquid limit MARC. WAZ5500
G Grab mmple Piazometsr tip \ \— Naturat water conient H 1988
N Sampis not recovarsd P Sempls pusha Plastic fimn -~ gmgg’;f‘cﬂ:ﬁ?ﬁ“mc FIG. A-18




FIELD DATA

w
) SOIL DESCRIPTION £ @ ] Paneuration Rwsistance Standard Penetration Equwalent | LABORA-
5 E- B Ei g (140 1 e 30" chop) (140 W pemmar, 20 ceop) Torv
ww Blows per foot Blows foot
2% | surtace Etevauon: 2125 feat s 3|52 2¥ P
Black 10 brown, sitty, sndy GRAVEL (FiLL)
8.0 35
Stift o medium stff, gray, silty CLAY; [
locaily sandy, ICettared crganic debris and gravel
(FILL) J1
2.0 06 2
Madium dense, dark gray-brown, clayey, L2
35| Sftv. SAND. pesty sit lavers, wood chunks e s L
2SR, % T
\ Medium niiff, bleck, sndy, mity CLAY (FILL). /
Soft 1o madium wiff, brown, mndy, silty PEAT s
106l —iELLL2L, 2
Denm to very denas, gray, tiity, clayey, BI
pravelly SAND  (TILL-LIKE)
22.5 6
Very denss, gray, ciesn to slightly silty,
gravelly SAND and mndy GRAVEL, with cobbles
-37.5 50.0

BOTTOM OF BORING
COMPLETED 2-16-86

NOTES: 1. SOIL DESCRIPTIONS BELOW

25 FEET BASED ON AUGER
CUTTINGS AND DRILL ACTION.

2. CREOSOTE ODOR OBSERVED
INTERMITTANTLY FROM
0TO 16 FEET. NAFTHALENE
ODOR O3SERVED FROM 3.5 TO
5 FEET AND 8.5 TO 10.3 FEET.
FUEL-LIKE ODOR OBSERVED
FROM 18 TO 17.5 FEET.

3. SHALLOW PIEZOMETER OW-2A
INSTALLED 5.5 FEET SOUTH
OF OW-2; SLOTTED 2 IN. PVC PIPE
FROM 7.5 TO 12,5 FEET IN
DEPTH: BENTONITE SEAL FROM
SURFACE TO B FEET IN DEPTH.

HOLLOW-STEM AUGER DRILLED

ow-2

NOTE: The stratifiation lines represent the sporoximsts boundatiss
between soil Lypes and the scTual ransLon may be gradusi.

zeoHH

LEGEND
2’ 0.D. spitt spoon sampie Impervious sal
3" 0.D. thin wall emple Watsr lovel

Grab ample
Sampie not recoversa r

Piszometer tip
Sampile pushed

*SNot ropresentative biowcounts
Atterbarg hmits;
—@—f=—ciquid limn

Natural water content
Plagtic limit

20
® % Watw content

DOWNTOWN SEATTLE TRANSIT PROJECT

LOG OF BORING OW-2

MARCH 1880 W.4265-00
SHANNON & WILSON. INC. .
Geotechmical Conmuitants FIG. A-20




GEOLOGIC LOG o o AS BUILT \
8 LOG 3
DRILLER: JOHNSON WELL DRILLING -l = DEPTH ol
COMPLETION DATE: 2/6/86 - E
SURFACE ELEVATION: 13.0 FEET z FEET | £
GROUND SURFACE 0 =
Mottied gray and brown, ciaysy, sandy SILT; with 11— = et~ CoMmant
'\\ fine orpanic debris (FILL). f AV
CEMENT < | - -4 L ) Sandy Graval o
Gray, sandy clayey SILT; with fine organic debris e = Bentonite ‘ x
(FILL). by M C
L]
, 2
10 - — 9.8°- Bentonite = L
Gray-brown, fine to coarse sandy, silty CLAY; traca 11.3"— ! o
of fine gravel (TILL-LIKE?). : 8 - Sl a
< v : <
5T b - E .
g 164 L ] _Centralizer
Brown to gray-brown, claysy, silty, fine to coarss = — E - .'r
sendy, fins to coarse GRAVEL. st I
o 11 3/4-in. PVC
e -4  Pips
- TE N I EE i
(A 3.7 Ne. 20 siot, '
Brown, silty, fine gravelly, fine to coarse SA ND; K - g" P||amut|r
with zones of silty, sandy gravel. e | 30 — L . =..§,__ s:::';n'" _
i« XA 3= .
2 31 Ne. 10-20
<« | L2 3::] Colorado
7 et 3 <|._Sand Backfill
Gray-brown, slightly silty, fine to coarse sandy, fine — 40 — e 5'-': -
GRAVEL, . < 3
171 Blank Pipe
Gray, siightly silty, fine to coarse gravally, tine to B ) A 3+ :Ut:‘t't'ofnnl.d
coarse SAND. 464 | .- )t 47.2°
Gray, fine to cosrss sandy, clayey SILT & silty asar_ |kl
CLAY (TILL-LIKE). I3 8 L g — = -
TOTAL DEPTH 49.0 FT. < |- "",_g“""l ,
NOTES: 1. HOLE CAVED FROM APPROX. 17-23 .< i ) ‘
FT. CALCULATED AVERAGE HOLE
DIAMETER IN THIS ZONE (FROM
BACKFILL REQUIRED) ABOUT 24 IN. | - | _
2. SOIL DESCRIPTIONS ARE BASED ON
AIR ROTARY DRILL CUTTINGS.
L - t
SHANNON & WILSON, INC. | POWNTOWN SEATTLE TRANSIT PROJECT l W-4265.33
AEEm WASTE MANAGEMENT SERVICES MARCH 1985
-'Il SEATTLE, WASHINGTON LOG AND AS-BUILT OF WELL
—— (206) 632-8020 PW-4 FIG. A-22




Hart Crowser
J-4515

APPENDIX C
DATA QUALITY REVIEW



CONTENTS

APPENDIX C
DATA QUALITY REVIEW

Previously Collected Data
New Groundwater Data

Hart Crowser
J-4515

d
I
[¢]

QQa



Hart Crowser
J-4515

APPENDIX C
DATA QUALITY REVIEW

Previously Collected Data

Sixty-seven soil samples and twenty-five water samples were collected by Hart Crowser,
Inc. and Shannon & Wilson, Inc., between December 1985 and January 1993. The samples
were submitted to Laucks Testing Laboratories of Seattle, WA, and Analytical Technologies,
Inc. of Renton, WA, for a variefy of analyses (conventionals, pesticides/herbicides,
semivolatiles, EP Tox metals, total petroleum hydrocarbons, total metals, and volatiles)., The
reporte_d results as well as the results for quality assurance samples were reviewed. The

following criteria were evaluated in the cursory validation process for the results:

e  Holding Times;

. Method Blanks;

L Surrogate Recoveries;

. Matrix Spike/Matrix Spike Duplicate Recoveries;
. Blank Spike Recoveries; and ‘

° Reported Detection Limits.

No data were rejected in these data sets. In general, all analyses were acceptable and
are deemed adequate for the purposes of this RI. Data qualifiers (estimates) were assigned to
sémples based on method blank contamination (methylene chloride, acetone, and bis(2-
ethylhexyl)phthalate) and low spike recoveries. Holding times could not be evaluated for all data
sets because chain of custodies were not available in the data packages. Therefore, it was
assumed that all holding times were acceptable. Reported detection limits were generally
acceptable for the analytical methodologies dliring the time period of investigation. Because a
majority of the analyses were performed over 10 yéars ago, some detection limits are above

more recently established screening levels. However, since these detection limits were

C-1 :
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acceptable for the analytical methods at the time, no qualifiers were assigned and the reported

data were deemed acceptable for the purposes of this RI.
New Groundwater Data

Five water samples (plus one field duplicate and one trip blank) were collected by Hart
Crowser, Inc. between May 1 and 3, 1996. The samples were submitted to North Creek
Analytical of Renton, WA, for analyses of PAHs, WTPH-D, WTPH-G, BTEX, Volatile
Organics, Dissolved Metals, Total Suspended Solids, and Total Dissolved Solids. The reported
results as well as results for quality assurance samples were reviewed. The following criteria

were evaluated in the cursory validation process for the results;

. Holding Times;

) Method Blanks;

] Surrogate Recoveries;

. Matrix Spike/Matrix Spike Duplicate Recoveries;
. Blank Spike Recoveries; and

o Reported Detection Limits.

No data were rejected in this data set. Holding times were acceptable. No blank
contamination was detected in the trip blanks and method blanks. All spike recoveries were
within control limits. Field and laboratory duplicates had acceptable relative percent differences
(RPD). All reporting limits were acceptable. Note that there are two sets of results for several
constituents naphthalene (semivolatiles EPA Method 8270 and volatiles EPA Method 8260) and
BTEX (volatiles Method 8260 and EPA Method 8020). In both cases, there may be variations
in the results because of differences in the analytical methods. For the purposes of this report
the more specific analytical method for BTEX is EPA Method 8020 and for naphthalene is EPA
Method 8270. No data qualifiers were required for this data set. The data are acceptable for

use as reported.

C-2
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Table D-1 - Previous Soil Quality Data

Sample-ID
Sample Date
Depth in Feet

Coventionals
Percent Solids
Total Cyanide
Total Metals in ppm
Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Zinc
Semivolatiles in ppm
2,4-Dinitrotoluene
2-Methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(bk)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Chrysene
Di-n-butylphthalate
Di-n-octylphthalate
Dibenzo(ah)anthracene
Dibenzofuran
Dimethylphthalate
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Phenol
Pyrene
Volatiles in ppm
"1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Acetone
Benzene
Chlorobenzene
Ethylbenzene
Methyiene Chloride
Toluene
Xylene (total)
m & p-Xylene
o-Xylene
TPH in ppm
Diesel
Qil

TB-22
1/25/85
12.5

68
33

16

22

62
30

74

145000

TB-25
1/25/85
18-19

10
10

——t
oG oo cccac

500

[ 3 I I e e e

330

caacda

TB-3 TB-79
1/25/85 9/10/85
18-19.5 17.5-19
0.8
9.7
0.8
0.7
49
66
7.1
54
1
12
88
190
10 U 77
10 U 10
93 45
104 26
17 38
- 35 45
1 U 2
29 15
2
2
26
2
2
1 U 2
22
516 87
384 48
1 U 2
1510 360
416 190
0.5
752 55
18
13
84
5
30

7200

ccc cCcac o
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TB-78 Sheet 1 of 15

9/16/85
19-20.5

4.4
0.7

1.7
24
25

0.59
2.2
0.13
008 U
1.7
0.09
008 U
0.25
2.7

7.3

3.8
0.67

7.3

14
0.08 U

4.1



Table D-1 - Previous Soil Quality Data

Sample-ID
Sample Date
Depth in Feet

Coventionals
Percent Solids
Total Cyanide

Total Metals in ppm
Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Zinc

Semivolatiles in ppm
2 4-Dinitrotoluene
2-Methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo{a)pyrene
Benzo{b)fluoranthene
Benzo(bk)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Chrysene
Di-n-butylphthalate
Di-n-octylphthalate
Dibenzo(ah)anthracene
Dibenzofuran
Dimethylphthalate
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Phenol
Pyrene

Volatiles in ppm
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Acetone
Benzene
Chlorobenzene
Ethylbenzene
Methylene Chloride
Toluene
Xylene (total)
m & p-Xylene
o-Xylene

TPH in ppm
Diesel
Qil

TB-78
9/16/85
21.5-23

oo b oo
o

AbAOLL DAL
goccaoa acac

ca

—
[- I

— [
— O Wwn M
< =

250 U

TE;-'IS Comp

9/16/85
19-23

0.6

5.4
04
0.7
21
16
18

26
1.5

39

0.5

0.15

0.15
0.15
0.15
0.15

c

ccaca

H-1

12/04/85

1

0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.05
0.05
0.05
0.05

COCCcCQCo oo coaoaocacoca

H-2

12/04/85

1

0.05
0.05
0.05
0.05
0.065
0.11
0.077

0.067
0.05
0.05
0.05
0.09
0.05
0.05
0.05
0.05

0.13
0.05
0.06
0.05
0.099
0.05
0.087

ccocca

ccCcc cCcc

c
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H-3  Sheet2of 15

12/04/85
1

0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

coCccCcQooco cococcoacca

0.05
0.05
0.05
0.05
0.05
0.05
0.05

cccoccacc
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Table D-1 - Previous Soil Quality Data
Sample-ID H4 TB4 TB-77 . HC-1 Hc-1 Sheet3of 15
Sample Date 12/04/85 12/04/85 12/04/85 12/10/85 12/10/85
Depth in Feet 1 12.5-14 15 16-11.5 17.5-19
Coventionals
Percent Solids . 76.1 72
Total Cyanide
Total Metals in ppm
Antimony s U 50
Arsenic 9 9.8
Beryllium . . 0.5 1.3
Cadmium ' 05 U 05 U
Chromium n 13
Copper 32 33
Lead 56 13
Mercury 0.1 0.2
Nickel 13 15
Selenium 05 U 05 U
Silver 0.2 01 U
Zinc 44 44
Semivolatiles in ppm
2,4-Dinitrotoluene 0.05 U 20 U
2-Methylnaphthalene 005 U 01 U 005 U 0.22 650
Acenaphthene 005 U 01 U 0.05 U 0.85 530
Acenaphthylene 005 U 0.17 005 U 0.06 39
Anthracene 005 U 0.23 005 U 005 U 275
Benzo(a)anthracene 005 U 0.68 0.071 005 U 220
Benzo{a)pyrene : 005 U 1 0.15 0.18 220
Benzo(b)fluoranthene 005 U 0.63
Benzo(bk)fluoranthene 0.17 005 U 250
Benzo(g,h,i)perylene 005 U 0.37 0.08 005 U 110
Benzo(k)fluoranthene 005 U 0.63
Bis(2-ethylhexyl)phthalate 11 01U 005 U 0.076 U 20 U
Butylbenzylphthalate 005 U 01 U 005 U
Chrysene 0.05 U 0.78 0.095 005 U 175
Di-n-butylphthalate 005 U 01U 005 U
Di-n-octylphthalate 1.3 01U 0.052 0.05 U 20U
Dibenzo(ah)anthracene 005 U 0.16 005 U 005 U 24
Dibenzofuran 005 U 0.1 U 0.05 U 0.12 120
Dimethylphthalate i 0.05 U 20U
Fluoranthene 005 U 1.6 0.091 0.056 560
Fluorene 005 U 01 U 005 U 0.16 280
Indeno(1,2,3-cd)pyrene 005 U 0.38 0.079 005 U 110
Naphthalene 005 U 0.11 005 U 2 1600
Phenanthrene 0.05 U 0.72 0.052 0.47 1030
Phenol 005 U 010 005 U
Pyrene 005 U 1.5 0.076 005 U 430

Volatiles in ppm
"1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Acetone
Benzene
Chlorobenzene
Ethylbenzene
Methylene Chloride
Toluene
Xylene (total)
m & p-Xylene
o-Xylene
TPH in ppm.
Diesel
. Oil
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Table D-1 - Previous Soil Quality Data
Sample-ID HC-3 HC-3 TB-91 TB-91 TB-91 Sheet 4 of 15
Sample Date 12/11/85 12/11/85 12/11/85 12/11/85 12/11/85
Depth in Feet 17.5-19 8§-9 12.5-14 2.54 31-32.5
Coventionals ‘
Percent Solids 72.1 66.7
Total Cyanide
Total Metals in ppm
Antimony 50 5U
Arsenic 4 5.2
Beryllium 0.4 0.7
Cadmium 05U 05 U
Chromium 28 62
Copper 30 45
Lead 71 11
Mercury 04 0.2
Nickel 35 72
Selenium 05 U 05 U
Silver 03 0.6
Zinc 78 94
Semivolatiles in ppm
2,4-Dinitrotoluene 02 U 30
2-Methylnaphthalene 3.1 150 005 U 0.12 005 U
Acenaphthene 6 100 005 U 0.1 U 005 U
Acenaphthylene 5.6 35 005 U 0.23 005 U
Anthracene 12 84 005 U 0.18 0.05 U
Benzo(a)anthracene 83 43 005 U 0.38 005 U
Benzo(a)pyrene 11 41 005 U 0.61 0.05 U
Benzo(b)fluoranthene 005 U 005 U
Benzo(bk)fluoranthene 7 34 1
Benzo(g,h,i)perylene 33 17 005 U 0.43 005 U
Benzo(k)fluoranthene 005 U 005 U
Bis(2-ethylhexyl)phthalate 02 U 3 U 043 U 0.1 U 005 U
Butylbenzylphthalate . 0.05 U 0.1 U 005 U
Chrysene ' 8.1 . 36 005 U 0.6 005 U
Di-n-butylphthalate 005 U 0.1 U 005 U
Di-n-octylphthalate 02 U 3 U 005 U 061 U 0.11
Dibenzo(ah)anthracene 1.2 5 005 U 6.1 U 005 U
Dibenzofuran 1.3 13 005 U 01 U 0.05 U
Dimethylphthalate 02 U 3 U0
Fluoranthene 16 100 005 U 0.58 005 U
Fluorene 59 84 005 U 61 U 005 U
Indeno(1,2,3-cd)pyrene 39 ‘ 18 005 U 0.33 005 U
Naphthalene 8.1 150 005 U 0.21 005 U
Phenanthrene 27 250 005 U 0.58 005 U
Phenol 005 U 0.1 U 0.05 U
Pyrene 16 93 005 U 0.71 005 U

Volatiles in ppm
"1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Acetone
Benzene
Chlorobenzene
Ethylbenzene
Methylene Chioride
Toluene
Xylene (total)
m & p-Xylene
o-Xylene
TPH in ppm
Diesel
Qil
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Table D-1 - Previous Soil Quality Data |
Sample-ID TB-92 HC-2 HC-2 HC-6 HC-6 Sheet5of 15
Sample Date 12/11/85 12/12/85 12/12/85 12/12/85 12/12/85
Depth in Feet 2.54 10-11.5 15.8-16.5 10-11.5 22.5-235
Coventionals .
Percent Solids 168.3 37 . 87.2 78.3
Total Cyanide 05 U :
Total Metals in ppm
Antimony 5 U 50 50 5 U
Arsenic 11 6.9 5 4.6 48
Beryllium 22 0.6 0.4 0.5 0.3
Cadmium 0.6 05 U 05 U 05 U 05 U
Chromium 17 49 33 30 19
Copper 67 37 27 28 16
Lead 100 9 29 6 17
Mercury 03 1.3 0.2 0.2
Nickel 24 58 36 37 27
Selenium 0.5 U 050 05 U 05 U 05 U
Silver 0.1 ‘ 0.6 0.5 0.5 0.1
Zinc 120 77 68 54 41
Semivolatiles in ppm
2 4-Dinitrotoluene . 005 U 0.1 U 025 U 3 U
2-Methylnaphthalene 01 v 005U 0.6 025 U 48
Acenaphthene 0.1 U 005 U 1.2 2.7 9
Acenaphthylene 01U 005 U 61 U 025 U 56
Anthracene 0.1 U 0.1 0.8 34 37
Benzo(a)anthracene 0.2 005 U 0.71 37 24
Benzo(a)pyrene 0.24 005 U 1.1 5.1 23
Benzo(b)fluoranthene 0.18
Benzo(bk)fluoranthene 005 U 0.77 3.7 22
Benzo(g,h,i)perylene 0.35 0.05 U 0.5 2.1 16.9
Benzo(k)fluoranthene 0.2 '
Bis(2-ethylhexyl)phthalate 0.11 015 U 027 U 025 U j v
Butylbenzylphthalate 0.1
Chrysene 0.22 005 U 0.76 39 24
Di-n-butylphthalate 01U
Di-n-octylphthalate 01 U 005 U 022 025 U 3 U0
Dibenzo(ah)anthracene 0.26 005 U 01 U 0.36 3 u
Dibenzofuran 010U 005U 0.1 U 0.54 19
Dimethylphthalate 005 U 01 U 025 U 3 U
Fluoranthene 0.17 0.22 1.8 83 66
Fluorene 01U 005 U 0.29 1.8 23
Indeno(1,2,3-cd)pyrene 0.32 005 U 048 2.2 15
Naphthalene 01 U 1.8 o2 13 190 '
Phenanthrene 0.14 0.36 29 11 . 95
Phenol 01 U
Pyrene 0.22 0.14 1.6 7.2 50
Volatiles in ppm '
“1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Acetone 0.03
Benzene
Chlorobenzene
Ethylbenzene 0005 U -
Methylene Chloride 0.005
Toluene 0005 U
XKylene (total) : 0005 U
m & p-Xylene
o-Xylene
TPH in ppm
Diesel

0il
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Table D-1 - Previous Soil Quality Data

Sample-ID HC-5 HC-5 TB-92 . TB-92 TB-93 Sheet 6 of 15

Sample Date 12/13/85 12/13/85 12/13/85 12/13/85 12/13/85

Depth in Feet 22.5-24 75-9 13-14.5 33-34.5 2.54
Coventionals

Percent Solids 65.8 66.1

Total Cyanide 05 U 05 U
Total Metals in ppm

Antimony 50 5 U

Arsenic 5.6 6 34 3.8

Beryllium 0.6 0.6 0.4 0.5

Cadmium 05 U 23 05 U 05 U

Chromium 20 46 - 25 37

Copper 37 77 18 16

Lead 4 U 290 3 16

Mercury 0.2 0.2

Nickel 17 56 31 40

Selenium 05 U 05 U 05 U 05 U

Silver 0.6 0.6 0.1 U 0.1 U

Zinc . 49 1100 41 56
Semivolatiles in ppm

2,4-Dinitrotoluene 025 U 3 U0

2-Methylnaphthalene 6.2 3 U 0.05 U 005 U 005 U

Acenaphthene 23 16 005 U 005 U 005 U

Acenaphthylene 1.9 3 U0 005 U 005 U 0.05 U

Anthracene 17 12 005 U 005 U 0.05 U

Benzo(a)anthracene 15 ' 7 005 U 0.066 0.065

Benzo(a)pyrene 16 6 005 U 0.082 0.22

Benzo(b)fluoranthene 005 U 0.07

Benzo(bk)fluoranthene 15 3 U 0.16

Benzo(g,h,i)perylene 6.9 : 30 005 U 0.064 005 U

Benzo(k)fluoranthene 005 U 0.086

Bis(2-ethylhexyl)phthalate 14 3 U 005 U 024 U 005 U

Butylbenzylphthalate 005 U 005 U 005 U

Chrysene 16 6 005 U 0.07 0.06

Di-n-butylphthalate 005 U 005 U 0.05 U

Di-n-octylphthalate 025 U 3U 005 U 005 U 0.05 U

Dibenzo(ah)anthracene 22 3 U 005 U 0.065 0.063

Dibenzofuran 9.1 30 005 U 005 U 005 U

Dimethylphthalate 025 U 3 U0

Fluoranthene 28 17 005 U 005 U 0.079

Fluorene 10 8 005 U 005 U 005 U

Indeno(1,2,3-cd)pyrene 11 3 U 005 U 0.061 0.15

Naphthalene 24 13 005 U 005 U 605 U

Phenanthrene 54 38 0.05 U 005 U 005 U

Phencl 005 U 005 U 0.05 U

Pyrene 23 13 005 U 0.05 U 0.052
Volatiles in ppm

"1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Acetone 0.11 0.28

Benzene

Chlorobenzene

Ethylbenzene 0.005 U 0.05 U

Methylene Chloride ' 0005 U 005 U

Toluene 0005 U 005 U

Xylene (total) 0.005 U 0.05 U

m & p-Xylene

o-Xylene
TPH in ppm

Diesel

Qil




Table D-1 - Previous Soil Quality Data

Sample-ID
Sample Date
Depth in Feet

Coventionals
Percent Solids
Total Cyanide

Total Metals in ppm
Antimony
Arsenic
Beryllium
Cadmijum
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Zinc

Semivolatiles in ppm
2,4-Dinitrotoluene
2-Methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(bk)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Chrysene
Di-n-butylphthalate
Di-n-octylphthalate
Dibenzo{ah)anthracene
Dibenzofuran
Dimethylphthalate
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Phenol
Pyrene

Volatiles in ppm
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Acetone
Benzene
Chlorobenzene
Ethylbenzene
Methylene Chloride
Toluene
Xylene (total)
m & p-Xylene
o-Xylene

TPH in ppm
Diesel
Oil

TB-93

12/14/85
15-16.5

0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.054
0.05
0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.05
0.05
0.05
0.05

cGcdaQc qoooooocc ccgcocaoa

TB-93
12/14/85
35-36.5

0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.05
0.05
0.05
0.05

cgaoaccCccga qQoadoaaoaog cacaccac

TB-93
12/14/85
52.5-54

0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.088
0.05
0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.05
0.05
0.05
0.05

cooocogaca

cocCcCcccca cocgaccocaccca

B-1
12/16/85
35-365

79.9

24
0.8
0.9

40

68

40
0.1

41
0.5
0.3
130

0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05
0.05

0.2

0.05

0.05
0.05
0.05
0.05
0.05
0.03
0.05
0.13
0.05

0.05

[

cCc ccoccaccacca

cccccaag © g
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12/16/85
40-41.3

80.6

12
0.6
05 U
28
40
33
0.3
23
05 U
0.2
47

01 U
c1 u
0.43
01 U
0.4]
0.58
0.51

0.58
0.22

0.1 U
0.76

0.1
0.1
0.1
0.1
1.3
0.33
0.51
0.28
1.5

ccaac
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Table D-1 - Previous Soil Quality Data
Sample-ID B1 . HC4 HC4 B2 B2 Sheet8of 15
Sample Date 12/16/85 12/17/85 12/17/85 12/18/85 12/18/85
Depth in Feet 47.5-49 225-24 75-9 35-36.5 47.5-49
Coventionals
Percent Solids 68.7 63.4 64.4 69.1 67.5
Total Cyanide
Total Metals in ppm .
Antimony 5 U 50 5 U s5u 5 U
Arsenic 83 5 82 5.6 3.2
Beryllium 0.5 0.5 0.7 0.9 04
Cadmium 05 U 05 U 05 U 05 U 05 U
Chromium 23 19 60 83 19
Copper 98 43 68 58 42
Lead 130 190 81 6 340
Mercury 0.6 0.4 0.8 0.1 0.5
Nickel . 22 16 72 94 23
- Selenium 05 U 05 U 05 U 05 U 05 U
Silver 0.5 0.6 0.7 06 0.3
Zinc 71 72 100 110 92
Semivolatiles in ppm
2 4-Dinitrotoluene 0.05 U 025 U 0.1 U 0.05 U 025 U
2-Methylnaphthalene 0.058 13 5.5 005 U 0.72
Acenaphthene 0.11 1.6 5.5 005 U 3.1
Acenaphthylene 005 U 24 2.9 005 U 025 U
‘Anthracene 0.14 15 51 005 U 36
Benzo(a)anthracene 0.18 12 3.7 005 U 38
Benzo(a)pyrene 0.17 14 4.5 0.05 U 4]
Benzo(b)fluoranthene
Benzo{bk)fluoranthene 0.23 13 3 005 U 319
Benzo(g,h,i)perylene 0.052 6.6 14 005 U 1.4
Benzo(k)flvoranthene
Bis(2-ethylhexyl)phthalate 0.057 U 087 U 01 U 005 U 1.3
Butylbenzylphthalate
Chrysene 0.23 14 36 005 U 4.7
Di-n-butylphthalate
Di-n-octylphthalate 005 U 025 U 01 U 005 U 025 U
Dibenzo(gh)anthracene 005 U 14 0.52 005 U 0.62
Dibenzofuran 0.052 29 0.76 005 U 0.79
Dimethylphthalate 005 U 025 U 01 U 005 U 025 U
Fluoranthene 0.35 26 6.8 005 U 8.2
Fluorene 0.098 5.7 33 005 U 2.1
Indeno(1,2,3-cd)pyrene 0.77 10 1.7 0.05 U 2.1
Naphthalene 0.2 1.1 11 0.86 24
Phenanthrene 0.48 43 15 0.05 U 12
Phenol
Pyrene 0.31 22 . 6.8 0.05 U 5.9

Yolatiles in ppm
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Acetone
Benzene
Chlorobenzene
Ethylbenzene
Methylene Chloride
Toluene
Xylene (total)

m & p-Xylene
o-Xylene

TPH in ppm
Diesel
Qil
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Table D-1 - Previous Soil Quality Data
Sample-ID B4 B4 B4 B-3 B-3  Sheet9of 15
Sample Date 12/18/85 12/18/85 12/18/85 12/19/85 12/19/85
Depth in Feet 325-34 40-41.5 47.5-48.5 335-34 52.5-54
Coventionals
Percent Solids 55 73.1 81 72.9 74.3
Total Cyanide
Total Metals in ppm
Antimony 5U 5U 5U 5 U 5 U
Arsenic 17 21 7.8 5.8 37
Beryllium 0.7 1.2 0.5 0.7 0.4
Cadmium 05U 05U 05 U 05 U 05 U
Chromium 13 9 9 58 17
Copper 44 36 14 38 20
Lead 38 8 U0 6 2 U
Mercury 0.1 0.1 0.1 0.1 0.1
Nickel 15 15 8 72 14
Selenium 05 U 05 U 05 U 05 U 05 U
Silver 02 0.1 U 01 U 03 0.3
Zinc 31 42 17 835 33
Semivolatiles in ppm
2,4-Dinitrotoluene 01 U 1.2 65 U 0.05 U 005 U
2-Methylnaphthalene 01U 4.2 4500 005 U 005 U
Acenaphthene 0.63 37 4700 005 U 005 U
Acenaphthylene 0.7 0.73 1200 005 U 005 U
Anthracene 36 0.83 2700 0.092 0.066
Benzo(a)anthracene 4 025 U 1600 005 U 0.063
Benzo(a)pyrene 52 1.1 1700 005 U 0.067
Benzo(b)fluoranthene
Benzo(bk)fluoranthene 53 025 U 1400 0.05 U 005 U
Benzo(g,h,i)perylene 25 025 U 410 005 U 005 U
Benzo(k)fluoranthene
Bis(2-ethylhexyl)phthalate 09 U 0.067 U 65 U 0.29 0.12
Butylbenzylphthalate
Chrysene 5.7 025 U 1600 005 U 0.72
Di-n-butylphthalate
Di-n-octylphthalate 01 U 025 U 65 U 005 U 005 U
Dibenzo(ah)anthracene 0.74 025 U 96 005 U 005 U
Dibenzofitran 01U 34 600 005 U 005 U
Dimethylphthalate 01U 21 65 U 0.05 U 005 U
Fluoranthene 6.3 0.73 3400 0.33 0.076
Fluorene 1.1 8.5 2800 005 U 005 U
Indeno(1,2,3-cd)pyrene 42 025 U 730 0.05 U 005 U
Naphthalene 0.17 64 15000 005 U 0.058
Phenanthrene 6.6 12 8400 0.33 0.13
Phenol
Pyrene 53 0.44 2800 0.17 0.074

Volatiles in ppm
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Acetone
Benzene
Chlorobenzene
Ethylbenzene
Methylene Chloride
Toluene
Xylene (total)

m & p-Xylene
o-Xylene

TPH in ppm
Diesel
Qil
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J4515

Table D-1 - Previous Soil Quality Data

Sample-ID B6 B-6 BP-3 BP-3 BP<4 Sheet 10 of 15

Sample Date 12/23/85 12/23/85 6/22/87 6/22/87 6/24/87

Depth in Feet 29.5-31 395-41 0-4 5-9 0-1.5
Coventionals ‘

Percent Solids 78.3 71.8

Total Cyanide
Total Metals in ppm

Antimony 50 5 U ‘

Arsenic 7.8 5 36 5.4 110

Beryllium 0.6 0.8

Cadmium 05 U 0.5 U Ll 05 U 0.8

Chromium 54 66 23 57 19

Copper 37 46 75 37 53

Lead 4 0 . 8 U 76 12 64

Mercury 0.1 0.2 01 U 01 U 01 U

Nickel 67 84 29 63 25 |

Selenium 05U 05U

Silver 0.5 04 1 U 1 U 1 U

Zinc 74 95 210 79 72
Semivolatiles in ppm ’

2,4-Dinitrotoluene 005 U 005 U

2-Methylnaphthalene 005 U 0.05 U 0.15 005 U 0.021

Acenaphthene 005 U 005 U 0.39 0.026 0.008

Acenaphthylene 005 U 005 U 0.023 005 U - 0.014

Anthracene 005 U 005 U 0.41 0.019 005 U

Benzo(a)anthracene 005 U 005 T 0.61 0.035 0.05 U

Benzo(a)pyrene 005 U 005 U 0.63 005 U 005 U

Benzo(b)fluoranthene 0.61 005 U 005 U

Benzo(bk)fluoranthene 005 U 005 U

Benzo(g,h,i)perylene 005 U 005 U 0.88 005 U 005 U

Benzo(k)fluoranthene 0.49 0.05 U 0.05 U

Bis(2-ethylhexyl)phthalate 1.1 0.56

Butylbenzylphthalate

Chrysene 005 U 005 U 0.81] 0.036 005 U

Di-n-butylphthalate

Di-n-octylphthalate 005 U 005 U

Dibenzo(ah)anthracene 005 U 005 U 0.16 005 U 0.046

Dibenzofuran 005 U 005 U

Dimethylphthalate 005 U 005 U

Fluoranthene 005 U 005 U 1.3 " 005U 005 U

Fluorene 005 U 005 U 0.3 0.016 0.025

Indeno(1,2,3-cd)pyrene 005 U 005 U 0.76 005 U 005 U

Naphthalene 005 U 005 U 0.12 0.02 0.007

Phenanthrene 005 U 005 U 1.3 0.088 0.042

Phenol

Pyrene 005 U 005 U 0.94 005 U 0.05 U
Volatiles in ppm

1,2-Dichlorobenzene 0.01 U 0.014 U 0.0l U

1,3-Dichlorobenzene 00! U 0.014 U 001 U

1,4-Dichlorobenzene 001 U 0.0i4 U 001 U

Acetone

Benzene 001 U 0014 U 0oL U

Chlorobenzene 001 U 0014 U 00l U

Ethylbenzene , 001 U 0014 U 001 U

Methylene Chloride .

Toluene 001 U 0014 U 001 U

Xylene (total) -

m & p-Xylene 001 U 0014 U 001 U

o-Xylene 001 U 0014 U 001 U
TPH in ppm

Diesel

Oil
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J-4515
Table D-1 - Previous Soil Quality Data
Sample-ID BP4 BP-5 BP-5 B3A-COMP  B3a-sPheet 11 of 15
Sample Date 6/24/87 6/24/87 6/24/87 1/21/93 1/21/93
Depth in Feet 6-9 25-3 5-6.5 S5to 14 25104
Coventionals '
Percent Solids
Total Cyanide
Total Metals in ppm
Antimony
Arsenic 7.7 7.1 27 3
Beryllium
Cadmium 05 U 05 U 1.1 03 U
Chromium 49 53 26 25
Copper 50 38 96 17
Lead 13 10 U 160 5.7
Mercury 01U 01 U 01 U
Nickel 56 61 30 37
Selenium
Silver 1 U 1 U 1 U
Zinc 71 84 140 35
Semivolatiles in ppm
2,4-Dinitrotoluene
2-Methylnaphthalene 005 U 005 U 0.064
Acenaphthene 005 U 0.011 0.035
Acenaphthylene 005 U 005 U 0.047
Anthracene 005 U 0.029 0.1
Benzo(a)anthracene 0.05 U 0.051 0.38
Benzo(a)pyrene 005 U 005 U 0.78
Benzo(b)fluoranthene 005 U 005 U 1.2
Benzo(bk)fluoranthene
Benzo(g,h,i)perylene 005 U 005 U 1.8
Benzo(k)fluoranthene 005 U 0.05 U 0.8
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Chrysene 005 U 0.054 0.5
Di-n-butylphthalate
Di-n-cctylphthalate
Dibenzo(ah)anthracene 005 U 005 U 02
Dibenzofuran '
Dimethylphthalate
Fluoranthene 005 U 005 U 0.023
Fluorene 0.007 005 U 0.033
Indeno(1,2,3-cd)pyrene 005 U 005 U 1.8
Naphthalene 005 U 005 U 0.065
Phenanthrene 0.025 0.093 0.26
Phenol
Pyrene 005 U 0.016 005 U
Volatiles in ppm
1,2-Dichlorobenzene 0.013 U 0015 U 0011 U
1,3-Dichlorobenzene 0013 U 0015 U 0011 U
1,4-Dichlorobenzene 0013 U 0015 U Q011 U
Acetone
Benzene 0013 U 0.015 U o011 U
Chlorobenzene 0013 U 0015 U 0011 U
Ethylbenzene 0013 U 0015 U 0011 U
Methylene Chloride
Toluene 0013 U 0015 U 0011 U
Xylene (total)
m & p-Xylene 0013 U 0015 U 0.011 U
o-Xylene 0013 U 0015 U 0011 U
TPH in ppm
Diesel , 20 U

Oil 75
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Table D-1 - Previous Soil Quality Data
Sample-ID B3A-S5 B6-S1 B6-S4 B7-COMP B7-s] Sheet 12 of 15
Sample Date 1/21/93 1/21/93 1/21/93 1721/93 1/21/93
Depth in Feet 12.5t0 14 24104 10t011.5 7510 14 25104

Coventionals

Percent Solids
Total Cyanide

Total Metals in ppm

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel

38

035 U

39
20
36

45

Selenium
Silver
Zinc - 28 36
Semivolatiles in ppm -
2 4-Dinitrotoluene
2-Methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(bk)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Chrysene ‘
Di-n-butylphthalate
Di-n-octylphthalate
Dibenzo(ah)anthracene
Dibenzofuran
Dimethylphthalate
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Phenol
Pyrene
Volatiles in ppm
'1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Acetone
Benzene
Chlorobenzene
Ethylbenzene
Methylene Chloride
Toluene
Xylene (total)
m & p-Xylene
o-Xylene
TPH in ppm
Diesel . 20U 20U 20 U
0il 50 U 50 U 50 U

[
S
-
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Table D-1 - Previous Soil Quality Data
Sample-ID B7-S2 B8-COMP B8-S2 B8-S3 Sheet 13 of 15
Sample Date 1/21/93 1/21/93 1/21/93 1/21/93
Depth in Feet 5106.5 25t09 5t06.5 75t09
Coventionals
Percent Solids
Total Cyanide
Total Metals in ppm
Antimony
Arsenic 34
Beryllium
Cadmium 03 U
Chromium 30
Copper 20
Lead 20
Mercury
Nickel 35
Selenitm
Silver
Zinc 52

Semivolatiles in ppm
2,4-Dinitrotoluene
2-Methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b){luoranthene
Benzo(bk)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Chrysene
Di-n-butylphthalate
Di-n-octylphthalate
Dibenzo(ah)anthracene
Dibenzofuran
Dimethylphthalate
Flucranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Phenol
Pyrene

Volatiles in ppm
"1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Acetone
Benzene
Chlorobenzene
Ethylbenzene
Methylene Chloride
Toluene
Xylene (total)

m & p-Xylene
o-Xylene

TPH in ppm

Diesel 20 U 200 20 U

Oil 50 U 92 50 U



Table D-1 - Previous Soil Quality Data

Sample-ID
Sample Date

'EP Tox Metals in pPPmM
Arsenic
Barium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Zinc

Sample-ID
Sample Date

EP Tox Metals in ppm
Arsenic
Barium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Zinc

Sample-ID
Sample Date

EP Tox Metals in ppm
Arsenic
Barium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Zinc

4515\EPTOXSUM.XLS

Comp 1000
6/24/87

0.2
0.2
0.01
0.1
0.1
0.1
0.005
0.1
0.2
0.1
0.3

c

ccdaccacccaca

G-3 §-3
6/24/87

0.2
0.2
0.01
0.1
0.1
0.1
0.005
0.1
0.2
0.1
0.1

c

coccccocccacca

Comp 1005
6/25/87

0.2
0.5
0.01
0.1
0.1
0.1
0.005
0.1
0.2
0.1
0.2

c

ccoccacadacaca

Comp 1001
6/24/87

0.2
03
0.01
0.1
0.1
0.1
0.005
0.1
0.2
0.1
0.3

c

cocacccacaca

G4 8-1
6/24/87

0.2
0.2
0.01
0.1
0.1
0.1
0.005
0.1
0.2
0.1
0.1

c

cccaococcacodg

G-68-1
6/25/87

0.2
0.3
0.01
0.1
0.1
0.1
0.005
0.1
0.2
0.1
0.3

c

coccCccaccoccac

Comp 1002
6/24/87

0.2
0.5
0.01
0.1
0.1
0.1
0.005
0.1
0.2
0.1
0.7

c

coocaccccacca

G-48-3
6/24/87

c

0.2
0.4
0.01
0.1
0.1
0.1
0.005
0.1
0.2
0.1
0.4

ccocaoccacocca

G-6 8-3
6/25/87

02
02
0.01
0.1
0.1
0.1
0.005
0.1
0.2
0.1
0.2

c

ccccccod

Comp 1003
6/24/87

0.2
0.2
0.01
0.1
0.1
0.1
0.005
0.1
0.2
0.1
03

c

cocaocccaca

G-58-3
6/24/87

0.2
0.2
0.01
0.1
0.1
0.1
0.005
0.1
0.2
0.1
0.1

=

coccccccoccoaccac

G-7 §-1
6/25/87

c

0.2
0.2
0.01
0.1
0.1
0.1
0.005
0.1
0.2
0.1
0.3

cccacocacoca

Hart Crowser
J43513

Sheet 14 of 15

G-25-1
6724187

c

02
0.2
0.01
0.1
0.1
0.1
0.005
0.l
0.2
0.1
0.4

cccocccoccacca

Comp 1004
6/25/87

0.2
0.2
0.01
0.1
0.1
0.1
0.005
0.1
0.2
0.1
0.2

c

cccocacccaa

G-8 5-1
6/25/87

0.2
0.4
0.01
0.1
0.1
0.1
0.005
0.1
02
0.1
0.8

c

coccoccaaocac
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Table D-1 - Previous Soil Quality Data Sheet 15 of 15

Sample-ID FS-1 Comp FS-2 Comp FS-3 Comp
Sample Date 1/16/87 1/17/87 1/17/87
Depth in Feet 25-4 25-14 2.5-10.9
EP Tox Metals in ppm
Arsenic 02 U 02 U 02 U
Barium 0.1 0.1 0.1
Cadmium 001 U 001 U 001 U
Lead 010 01U 01 U
Mercury 0.005 U 0.005 U 0.005 U
Selenium 02 U 02 U 02 U
Silver 01 U 01U 0.1 U
Pesticides/Herbicides in ppb
2,3-D 2 U 2 U 2 U
2,4,5-TP 10U 10U 1U
Endrin - 02 U 02U 02 U
Lindane 02 U 02 U 02 U
Methoxychlor 1 U 1U0 1U
Toxaphene 10 U 10U 10 U

U Not detected at detection limit indicated.
J  Estimated concentration.

4515\COMP-87.XLS



Table D-2 - Previous Groundwater Quality Data

Lab-ID
Sample-ID
Sample Date
Screen Interval

Conventionals
Chloride
Conductivity
Sodium
Temperature
Total Cyanide in mg/L
Total Hardness as CaCO3
pH

Total Metals in ppm
Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc

Dissolved Metals in ppm
Antimony
Arsenic
Cadmium
Chromium
Copper
Nickel
Silver
Zinc

Semivolatiles in ppm
1,2,4-Trichlorobenzene
1,2-Dichlorobenzene
1,2-Diphenylhydrazine
1,3-Dichlorobenzene
1,4-Dichlorobenzene
2,4,5-Trichlorophenol
2,4, 6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenel
2 4-Dinitrotoluene
2,6-Dinitrotoluene
2-Chloroethyl vinyl ether
2-Chloronaphthalene
2-Chlorophencl
2-Methylnaphthalene
2-Methylphenol
2-Nitroaniline
2-Nitrophenol

TB-78/5-25
TB-78
9/16/85
5t025

0.037

0.006
0.001 U
0.003
0.011
0.003
0.06

0.011
0.005 U
0.003

0.024

0.6

TB-80/15-25
TB-80
11/11/85
151625

0.005

0.005
0.001
0.003
0.026
0.016
0.069

aca

0.025
0005 U
0.004

0.042

0.001 U

HC-1A
HC-1A
2/18/86

620

6.5
0.047

6.6

0.005
0.005
0.002
0.004
0.001
0.005
0.001
0.032

0.002 U

HC-2A
HC-2A
2/18/86

490

0.005

6.6

0.005
0.00%
0.003
0.004
0.002

0.01
0.001
0.024

0.001

Hart Crowser

HC-3A
HC-3A
2/18/86

110

48
U 0.005

6.3

U 0.005
0.008
0.001
0.004
0.002
0.004
0.001
0.027

U 0.013

J4515

Sheet 1 of 15
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Table D-2 - Previous Groundwater Quality Data Sheet 2 of 15

Lab-ID TB-78/5-25 TB-80/15-25 HC-1A HC-2A HC-3A
Sample-ID TB-78 TB-80 HC-1A HC-2A HC-3A
Sample Date 9/16/85 11/11/85 2/18/86 2/18/86 2/18/86
Screen Interval 5to25 15t025

3,3-Dichlorobenzidine ,
3-Nitroaniline

4,6-Dinitro-2-methylphenol

4-Bromophenyl-phenylether

4-Chloro-3-Methylphenol

4-Chloroaniline

4-Chlorophenyl-phenylether

4-Methylphenol

4-Nitroaniline

4-Nitrophenol

Acenaphthene 0.37 0.001
Acenaphthylene 0.13 0.001
Aniline

Anthracene 0.24 0.001
Benzidine

Benzo(a)anthracene 0.14 0.001
Benzo(a)pyrene 0.17 0.001
Benzo(b)fluoranthene

Benzo(bk)fluoranthene 0002 U 0.001 U 0.026
Benzo{g,h,i)perylene 001 U 0.001 0.002 U 0.001 U 0.012
Benzo{k)flucranthene 0.12 0.001
Benzoic Acid

Benzyl Alcohol

Bis(2-chlorcethoxy)methane

Bis(2-chlorcethyl)ether

Bis(2-chloroisopropyl)ether

Bis{2-ethylhexyl)phthalate 0.01 U 0.001
Butylbenzylphthalate 001 U 0.001
Chrysene 0.16 0.001
Di-n-butylphthalate 001 U 0.001
Di-n-octylphthalate g0l U 0.001
Dibenzo(a,h)anthracene

Dibenzo(ah)anthracene 001 U 0.001
Dibenzofuran 0.12 0.001
Dibutylphthalate

Diethylphthalate

Dimethylphthalate

Fluoranthene 0.31 0.001
Fluorene 0.2 0.001
Hexachlorobenzene

Hexachlorobutadiene

Hexachlerocyclopentadiene

Hexachloroethane

Indeno(1,2,3-cd)pyrene 0.001 0001 U 0.002 U 0.001 U 0.013
Isophorone

N-Nitreso-di-n-propylamine

N-Nitrosodimethylamine

N-Nitrosodiphenylamine _

Naphthalene 23 0.014 0.002 U 0.001 U 0.011
Nitrobenzene

Pentachlorophenol

0.002 U 0.001 U 0.059
0.002 U 0.001 U 0.026

ac

o

0002 U 0.001 U 0.045

0.002 U 0.001 U 0.028
0.002 U 0.001 U 0.036

ac

cc

0.001 U 0.001 U 0.00] U

0.002 U 0.001 U 0.029

ccccc

0.002 U 0001 U 0.001
0002 U 0.001 U 0.001

ac

0.002
0.002

0.001 U 0.054
0001 U 0.037

ca
ca
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Table D-2 - Previous Groundwater Quality Data Sheet 3 of 15

Lab-ID TB-78/5-25 TB-80/15-25 HC-1A HC-2A HC-3A
Sample-ID TB-78 TB-80 HC-1A HC-2A HC-3A
Sample Date 9/16/85 11/11/85 2/18/86 2/18/86 2/18/86
Screen Interval 5t025 15t025

Phenanthrene 0.6 0.001 U 0002 U 0.001 U 0.093
Phenol 0.016 0.029
Pyrene 0.27 0.001 U 0002 U 0.001 U 0.058 ,
Total Phenol
Volatiles in ppm ‘
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethylene
1,2-Dichlorobenzene
1,2-Dichloroethane ;
1,2-Dichloropropane ‘
1,3-Dichlorobenzene |
1,4-Dichlorobenzene ,
2-Butanone
2-Hexanone
4-Methyl-2-pentanone
Acetone 0.006 0.007 0.01
Acrolein '
Acrylonitrile
Benzene 0.001 U 0.001 U 0.001 U
Bromodichloromethane
Bromoform
Bromomethane
Carbon Disulfide
Carbon Tetrachloride
Chlorobenzene
Chlorodibromoethane
Chloroethane
Chloroform 0.001 U 0.001 U 0.001 U
Chloromethane
Cis-1,3-Dichloropropene
Ethylbenzene 01U 005 U 0001 U 0.001
Methylene Chloride 01 U 005 U 0.008 U 0.035
o-Xylene 0.001 U 0.001
Styrene
Tetrachloroethylene ‘
Toluene 01 U 005 U 0001 U -0.001 U 0.001 U
Total Organic Halogens |
Trans-1,2-Dichloroethylene
Trans-1,3-Dichloropropene
Trichloroethylene
Vinyl Acetate
Vinyl Chloride
Xylene (total) 01 U 005 U
TPH in ppm
Diesel
Oil

0.001
0.001
0.001

cca
cca




Table D-2 - Previous Groundwater Quality Data -

Lab-ID
Sample-ID
Sample Date
Screen Interval

Conventionals
' Chloride
Conductivity
Sodium
Temperature
Total Cyanide in mg/L

Total Hardness as CaCO3

pH

Total Metals in ppm
Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zine

Dissolved Metals in ppm
Antimony
Arsenic
Cadmium
Chromium
Copper

- Nickel
Silver
Zinc

Semivolatiles in ppm
1,2,4-Trichlorobenzene
1,2-Dichlorobenzene
1,2-Diphenylhydrazine
1,3-Dichlorobenzene
-1,4-Dichlorobenzene
2.4,5-Trichlorophenol
2,4.6-Trichlorophenol
-2,4-Dichloropheno!
2 4-Dimethylphencl
2,4-Dinitrophenol
2.4-Dinitrotoluene
2,6-Dinitrotoluene
2-Chloroethyl vinyl ether
2-Chloronaphthalene
2-Chlorophenol
2-Methylnaphthalene
2-Methylphenol -

_ 2-Nitroaniline
2-Nitrophenol

HC4A
HC4A
2/18/86

76

0005 U

6.3

0005 U
0.007
0.001 U
0.005
0.001 U
0.004
0.001 U
0.012

0001 U

HC-5A
HC-5A
2/18/86

65

38
0.005 U

6.4

0005 U
0.006
0.001
0.005
0.001 U
0.008
0.001
0.063

0001 U

HC-6A
HC-6A
2/18/86

290

57
0.005 U

6.6

0.005
0.005
0.002
0.004
0601 U
0.007

0.001 U
0.019

c G

0002 U

B-1
B-1
2/19/86

740

10.8
0.005

7.1

0.005
0.005
0.004
0.003
0.001
0.016
0.003
0.012

0002 U

8]

u

Hart C rowser

B-2
B-2

2/19/86

6200

10.3
0.005

7.5

0.02
0.005
0.005
0.004
0.004

0.02
0.002

0.03

J-4515
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Lab-ID HC4A HC-5A HC-6A B-1 B-2
SampleID HCH4A HC-5A HC-6A B-1 B-2
Sample Date 2/18/86 2/18/86 2/18/86 2/19/86 2/19/86
Screen Interval :

3,3-Dichlorobenzidine

3-Nitroaniline
4,6-Dinitre-2-methylphenol
4-Bromophenyl-phenylether
4-Chloro-3-Methylphenol
4-Chloroaniline
4-Chlorophenyl-phenylether
4-Methylphenal

4-Nitroaniline

4-Nitrophenol

Acenaphthene 0.001
Acenaphthylene 0.001
Aniline

Anthracene 0.001
Benzidine

Benzo{a)anthracene 0.001
Benzo{a)pyrene 0.001
Benzo{b)fluoranthene
Benzo(bk)fluoranthene 0.001
Benzo(g,h,i)perylene 0,001
Benzo(k)fluoranthene

Benzoic Acid

Benzyl Alcohol
Bis(2-chloroethoxy)methane
Bis(2-chloroethyl)ether
Bis(2-chloroisopropyl)ether
Bis(2-ethylhexyl)phthalate 0.001 U 0.001 0.029 U 0.002 U 0.001 U
Butylbenzylphthalate '

Chrysene 0.001 U 0.001 U 0.002 U 0.002 U 0.001 U
Di-n-butylphthalate

Di-n-octylphthalate

Dibenzo(a,h)anthracene

Dibenzo(ah)anthracene 0.001 U 0.001 U 0002 U 0.002 U 0.001 U
Dibenzofuran 0.001 U 0.001 U 0002 U 0002 U 0.001 U
Dibutylphthalate

Diethylphthalate

Dimethylphthalate

Fluoranthene 0.001
Fluorene 0.001
- Hexachlorobenzene

Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene 0.001 U 0.001 0.002 U 0.002 U 0.001 U
Isophorone

N-Nitroso-di-n-propylamine

N-Nitrosodimethylamine

N-Nitrosodiphenylamine _ .

Naphthalene 0.001 U 0.001 U 0.002 U 0002 U 0.001 U
Nitrobenzene

Pentachlorophenol

0.001 U 0.002 U 0.002 U 0.001 U
0.001 U 0.0z U 0.002 U 0.001 U

ca

(o

0.001 U ,0.002 U 0.002 U 0.001 U

0001 U 0.002 U 0.002 U 0.001 U
0.001 0.002 U 0.002 U 0.001 U

0.001 0.002 U 0.002° U 0.001 U
0.001 U 0.002 U 0.002 U 0.001 U ‘

ac ccq

0.001 U 0.002 U 0.002 U 0.001 U
0001 U 0002 U 0002 U 0.001t U

ca
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Lab-ID HCA4A HC-5A HC-6A B-1 B-2
Sample-ID HC4A HC-5A HC-6A B-1 B-2
Sample Date 2/18/86 2/18/86 2/18/86 2/19/86 2/15/86
Screen Interval

Phenanthrene 0001 U 0.001 U 0.002 U 0.002 U 0.001 U
Phenol
Pyrene 0.001 U 0.001 U 0.002 U 0002 U 0001 U
Total Phenol

Volatiles in ppm
1,1,1-Trichlorcethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichlcroethylene
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,3-Dichlorobenzene
1,4-Dichlorobenzene
2-Butanone
2-Hexanone
4-Methyl-2-pentanone
Acetone . 0.008 0.011 0.012 0.011 0.076
Acrolein
Acrylonitrile
Benzene 0001 U 0001 U 0001 U 0.001 U 0.001 U
Bromodichloromethane
Bromoform
Bromomethane
Carbon Disulfide
Carbon Tetrachloride
Chlorobenzene
Chlorodibromoethane
Chloroethane
Chloroform 0.001 U 0.001 U 0.001 U 0.001 U 0.001 U
Chloromethane
Cis-1,3-Dichloropropene
Ethylbenzene 0.001
Methylene Chloride 0.001
o-Xylene 0.001
Styrene .
Tetrachloroethylen
Toluene 0001 U 0.001 U . 0001 U 0001 U 0001 U
“Total Organic Halogens
Trans-1,2-Dichloroethylene
Trans-1,3-Dichloropropene
Trichloroethylene
Vinyl Acetate
Vinyl Chloride
Xylene (total)

TPH in ppm
Diesel
0il

0.001
0.014
0.001

0001 U  0.00l
0.007 U 0.001
0001 U 0001

0.001
0.001
0.001

aca
coa
ccc
ccc
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Lab-ID B-3 B4 B-6 PW4-2-86 TB95-2-86
Sample-ID B-3 B4 B-6 PW4 TB9S
Sample Date 2/19/86 2/19/86 2/19/86 2/20/86 2/20/86
Screen Interval

Conventionals
Chloride 28 22
Conductivity 1400 730 1400 570 530
Sodium o 53 48
Temperature 8.4 8.6 9.6
Total Cyanide in mg/L 0005 U 0.081 0.005 U
Total Hardness as CaCO3 250 200
pH 6.7 7.6 7.3
Total Metals in ppm
Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver .
Thallium
. Zinc
Dissolved Metals in ppm
Antimony 0005 U 0.005 0.005 U ,
Arsenic 0005 U 0.005 0.11
Cadmium 0.003 0.004 0.004
Chromium ' 0.005 0.005 0.004
Copper 0.003 0001 U 0.001 U
Nickel 0.014 0.013 0.015
Silver 0.002 0.002 0.003
Zinc 0.018 0.018 0.015
Semivolatiles in ppm :
1,2 ,4-Trichlorobenzene : 0.001 U 0001 U
1,2-Dichlorobenzene
1,2-Diphenylhydrazine . 0.001 U 0001 U
1,3-Dichlorobenzene
1,4-Dichlorcbenzene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
-2,4-Dichlorophenol
2,4-Dimethylphenol :
2,4-Dinitrophencl .
2,4-Dinitrotoluene 0.001
2,6-Dinitrotoluene 0.001
2-Chloroethyl vinyl ether 0.001
2-Chloronaphthalene 0.001
2-Chlerophencl
2-Methylnaphthalene 0001 U 1.63 0.001 U 0.001
2-Methylphenol. '
2-Nitroaniline 0.001 U 0.001 U
2-Nitrophenol '

._.
—C LWV, W =W
cacca

—_

—

c
[ 3] —

SVB L —OWVAW— W
a

ccc
w
coca

cc

0.001
0.001
0.001
0.001

cccc
cccocca

c

0.001

c
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Lab-ID B-3 B4 B-6 PW4-2-86 TB95-2-86
Sample-ID B-3 B4 B-6 PW4 TB95
Sample Date 2/19/86 2/19/86 2/19/86 2/20/86 2/20/86
Screen Interval ’
3,3-Dichlorobenzidine 0.001 U 0.001 U
3-Nitroaniline 0001 U 0.001 U
4,6-Dinitro-2-methylphenol
4-Bromophenyl-phenylether 0.001 U 0001 U
4-Chloro-3-Methylphenol 3
4-Chloroaniline , 0.001 U 0.00] U
4-Chlorophenyl-phenylether 0.001 U 0.001 U
4-Methylphenol
4-Nitroaniline 0.001 U 0.001 U
4-Nitrophenol
Acenaphthene 0001 U 0.69 0.001 U 0.001 U 0.001 U
Acenaphthylene 0.001 U 0.94 0001 U 0001 U 0001 U
Aniline 0001 U 0.001 U
Anthracene 0.001 U 0.22 0.001 U 0.001 U 0.00} U
Benzidine 0.001 U 0001 U
Benzo(a)anthracene 0001 U 0.11 0.001 U 0.001 U 0.001 U
Benzo(a)pyrene 0001 U 0.16 0.001 U 0.001 U 0.001 U
Benzo(b)fluoranthene 0.001 U 0.001 U-
Benzo(bk)fluoranthene 0001 U 0.12 0001 U
Benzo(g,h,i)perylene 0.001 U 0.053 0001 U 0001 U 0.001 U
" Benzo(k)fluoranthene 0.001 U 0.001 U
Benzoic Acid
Benzyl Alcohol 0.001 U 0.001 U
Bis(2-chloroethoxy)methane 0.001 U 0.001 U
Bis(2-chloroethyl)ether 0.00] U 0.001" U
Bis(2-chloroisopropyl)ether 0.001 U 0.001 U
Bis(2-ethylhexyl)phthalate 0001 U 0.027 U 0017 U 0001 U 0.001 U
Butylbenzylphthalate 0.001 U 0.001 U
Chrysene 0.001 U 0.097 0.001 U 0.001 U 0.001 U
Di-n-butylphthalate
Di-n-octylphthalate 0.001 U 0.001 U
Dibenzo(a,h)anthracene
Dibenzo{ah)anthracene 0.001 U 0.005 U 0.001 U 0.001 U 0.001 U
Dibenzofuran - 0001 U 0.078 0.001 U 0.001 U 0.001 U
Dibutylphthalate 0001 U 0.001 U
Diethylphthalate 0.001 U 0.001 U
Dimethylphthalate 0.001 U 0.001 U
Fluoranthene ' 0.001 U 0.24 0.001 U 0.001 U 0.001 U
Fluorene 0.001 U 0.3 0001 U 0.001 U 0.001 U
-Hexachlorobenzene 0001 U 0001 U
Hexachlorobutadiene 0001 U 0.001 U
Hexachlorocyclopentadiene : 0.001 U 0.001 U
Hexachloroethane 0001 U 0.001 U
Indeno(1,2,3-cd)pyrene 0.001 U 0.054 0.001 U 0.001 U 0.001 U
Isophorone 0.001 U 0.001 U
N-Nitroso-di-n-propylamine 0.001 U 0.001 U
N-Nitrosodimethylamine 0.001 U 0.001 U
N-Nitrosodiphenylamine 0.001 U 0.00] U
Naphthalene 0.001 U 86 0.001 U 0.001 U 0.001 U
Nitrobenzene 0.001 U 0.001 U

Pentachlorophenol
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Lab-ID B-3 B4 B-6 PW4-2-86 TB95-2-86
Sample-ID B-3 B4 B-6 PWw4 TB95
Sample Date 2/19/86 2/19/86 2/19/86 2/20/86 2/20/86
Screen Interval
Phenanthrene 0.001 U 0.64 0.001 U 0.001 U 0001 U
Phenol '
Pyrene 0.001 U 0.24 0001 U 0.001 U 0.001 U
Total Phenol .

- Volatiles in ppm

- 1,1,1-Trichloroethane 0001 U 0.001 U
1,1,2,2-Tetrachloroethane 0.001 U 0.001 U
1,1,2-Trichloroethane 0.001 U 0.001 U
1,1-Dichloroethane . 0.001 U 0.001 U
1,1-Dichloroethylene 0.001 U 0.001 U
1,2-Dichlorobenzene 0.001 U 0.001 U
1,2-Dichloroethane 0.001 U 0.001 U
1,2-Dichloropropane 0.001 U 0.001 U
1,3-Dichlorobenzene 0.001 U 0.001 U
1,4-Dichlorobenzene 0.001 U 0.001 U
2-Butanone 0001 U 0.001 U
2-Hexanone . 0.001 U 0.001 U
4-Methyl-2-pentanone 0.001 U 0.001 U
Acetone 0.008 0.033 0.012 0.01 0.001 U
Acrolein 0.005 U 0.005 U
Acrylonitrile 0.005 U 0.005 U
Benzene 0.001 U 04 0.001 U 0.001 U 0.001 U
Bromodichloromethane 0.001 U 0.001 U
Bromoform 0.001 U 0.001 U
Bromomethane 0.001 U 0.001 U
Carbon Disulfide 0.001 U 0.001 U
Carbon Tetrachloride 0.001 U 0001 U
Chlorobenzene 0.001 U 0.001 U
Chlorodibromoethane 0001 U 0.001 U
Chloroethane 0.001 U 0.001 U
Chloroform 0.001 U 0.001 0.001 U 0.001 U 0.001 U
Chloromethane 0.001 U 0001 U
Cis-1,3-Dichloropropene 0.00! U 0.001 U
Ethylbenzene 0.001 U 0.13 0.001 U 0.001 U 0.00]1 U
Methylene Chloride 0.007 U 0.001 U 0.006 0.001 U 0.006 U
o-Xylene 0.001 U 0.16 0.001 U 0.001 U 0.001 U
Styrene 0.001 U 0.001 U
Tetrachlorcethylene 0.001 U 0.001 U
Toluene 0.001 U 0.15 . 0.001 U 0.001 U 0.001 U
-Total Organic Halogens 0.02
Trans-1,2-Dichloroethylene 0.001 U 0.001 U
Trans-1,3-Dichloropropene - 0.001 U 0.001 U
Trichloroethylene 0.001 U 0.001 U
Viny! Acetate : 0.001 U 0.001 U
Vinyl Chloride 0.001 U 0.001 U
Xylene (total)

TPH in ppm
Diesel

Oil
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Lab-ID TB9%6-2-86 OWwW2-2-86 OW2A-2-86 OW2-3-86 PW4-3-86
Sample-ID TB96 ow2 OwW2A ow2 Pw4
Sample Date 2/20/86 2217186 . 2/21/86 3/20/86 3/20/86
Screen Interval
Conventjonals
Chloride 18 5 1 5
Conductivity 450 160 790 180
Sodium 38 30 75 25
Temperature
Total Cyanide in mg/L ' 0.005 U
Total Hardness as CaCO3 270 60 340 54
pH
‘Total Metals in ppm
Antimony 30 30 30 5 U
Arsenic 5U 50 18 5 U
Beryllium 10 10U 4 1 U
Cadmium 3 2 11 1 U
Chromium 12 27 260 6
Copper 7 21 180 11
Lead 10 U 17 270 10 U
Mercury 1 U 1 U 3 1 U
Nickel 23 - 35 300 3
Selenium 50 50 5U 5U
Silver . 20U 2 U 7 U 1 U
Thallium 50 50 5U 5 U
Zinc 23 37 510 13
Dissolved Metals in ppm
Antimony
Arsenic
Cadmium
Chromium
Copper
Nickel
Silver
Zinc
Semivolatiles in ppm
1,2,4-Trichlorobenzene 0.001 U 0.001 U 001 U ~ 0.001 U 0.001 U
1,2-Dichlorobenzene
1,2-Diphenylhydrazine 0.0c1 U 0001 U 001 U 0.001 U 0001 U

1,3-Dichlorobenzene
1,4-Dichlorobenzene
2.4,5-Trichlorophenol
2,4,6-Trichlorophenol

-2,4-Dichlorophenol

2,4-Dimethylphenol

2 4-Dinitrophenol

2,4-Dinitrotoluene 0.001 U 0.001 U 001 U 0.001 U 0.001 U
2,6-Dinitrotoluene 0.001 U 0.001 U 001 U 0.001 U 0.001 U
2-Chloroethyl vinyl ether 0.001 U 0001 U 0001 U 0.001 U 0.001 U
2-Chloronaphthalene 0.001 U 0001 U g0l U 0.001 U 0.001 U
2-Chlorophenol

2-Methylnaphthalene 0.001 U 0.001 U 1 0.001 U 0.001 U
2-Methylphenol

2-Nitroaniline 0.001 U 0.001 U 00l U 0.001 U 0.001 U

2-Nitrophenol
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Lab-ID TB96-2-86 0OW2-2-86 OW2A-2-86 OW2-3-86 PW4-3-86
" Sample-ID TB%6 ow2 OW2A ow2 PW4
Sample Date 2/20/86 2/21/86 2/21/86 3/20/86 3/20/86
Screen Interval
3,3-Dichlorobenzidine 0.001 U 0.001 U 001 U 0.001 U 0.001 U
3-Nitroaniline 0.001 U 0001 U 001 U 0.001 U 0.001 U
4,6-Dinitre-2-methylphenol
4-Bromophenyl-phenylether 0001 U 0001 U 001 U 0.00f U 0.001 U
4-Chloro-3-Methylpheno!
4-Chloroaniline 0001 U 0001 U 001 U 0.001 U 0.001 U
4-Chlorophenyl-phenylether 0001 U 0001 U 001 U 0.001 U 0.001 U
4-Methylphenol
4-Nitroaniline 0.001 U 0.001 U 001 U 0.001 U 0.001 U
4-Nitrophenol
Acenaphthene 0.001 U 0001 U 0.39 0.001 U 0.001 U
Acenaphthylene 0001 U 0001 U 001 U 0.001 U 0.001 U
Aniline 0.001 U 0.001 U 001 U 0.001 U 0.001 U
Anthracene 0.001 U 0.001 U 0.03 0.001 U 0.001 U
Benzidine 0.001 U 0.001 U 001 U 0.001 U 0.001 U
Benzo(a)anthracene 0.001 U 0.001 U 00I U 0.c01 U 0.001 U
Benzo(a)pyrene 0001 U 0001 U 001 U 0.001 U 0.001 U
Benzo(b)fluoranthene 0.001 U 0001 U 001 U 0.001 U 0.001 U
Benzo(bk)flucranthene
Benzo(g,h,i)perylene 0.001 U 0.001 U 001 U 0.001 U 0.001 U
Benzo(k)fluoranthene 0001 U 0.001 U 0.01 U 6001 U 0.001 U
Benzoic Acid
Benzyl Alcohol : 0.001 U 0.001 U 001 U 0.001 U 0.001 U
Bis(2-chloroethoxy)methane 0001 U 0001 U 001 U 0.001 U 0.001 U
Bis(2-chloroethyl)ether 0.00] U 0.001 U 001 U 0.001 U .00l U
Bis(2-chleroisopropyl)ether 0.001 U 0.001 U 001 U 0.001 U 0.001 U
Bis(2-ethylhexyl)phthalate 0.012 0.001 U 00l U 0.001 U 0001 U
Butylbenzylphthalate 0001 U 0001 U 061 U 0.001 U 0.001 U
Chrysene 0001 U 0.001 U 0.01 U 0.001 U 0.001 U
Di-n-butylphthalate '
Di-n-octylphthalate 0.001 U 0.c01 U 001 U 0.001 U 0.001 U
Dibenzo(a,h)anthracene
Dibenzo(ah)anthracene 0.001 U 0.001 U 001 U 0.001 U 0.001 U
Dibenzofuran 0.001 U 0001 U 001 U 0.001 U 0.001 U
Dibutylphthalate 0.00! U 0.001 U 0.01 U 0.001 U 0.001 U
Diethylphthalate 0.001 U 0.001 U 001 U 0.00! U 0.001 U
Dimethylphthalate ] 0.001 U 0.001 U 001 U 0.001 U 0.001 U
Fluoranthene 0.001 U 0.001 U 0.0t U 0.001 U 0.001 U
Fluorene 0.001 U 0001 U 0.064 0.001 U 0001 U
.Hexachlorobenzene 0001 U 0001 U 001 U 0.001 U 0.001 U
Hexachlorobutadiene 0001 U 0001 U 001 U 0.001 U 0.001 U
Hexachlorocyclopentadiene 0001 U 0001 U 001 U 0001 U 0.001 U
Hexachloroethane 0.001 U 0001 U 001 U 0.001 U 0.001 U
Indenc(1,2,3-cd)pyrene 0.001 U 0.001 U 001 U 0.001 U 0.001 U
Isophorone 0001 U 0.001 U 001 U 0.001 U 0.001 U
N-Nitroso-di-n-propylamine 0.001 U 0.001 U 001 U 0.001 U 0.001 U
N-Nitrosodimethylamine 0.001 U 0.001 U 0.01 U 0.001 U 0.001 U
N-Nitrosodiphenylamine 0001 U 0.001 U 0.01 U 0.001 U 0.001 U
Naphthalene 0.001 U 0.001 U 12.2 0.001 U .00l U
Nitrobenzene 6001 U 0001 U 001 U 0.001 U 0.001 U

Pentachlorophenol
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Lab-ID TB96-2-86 OW2-2-86 OW2A-2-86 OW2-3-86 PW4-3-86
Sample-ID TB96 ow2 OW2A ow2 PW4
Sample Date 2/20/86 2/21/86 2/21/86 3/20/86 3/20/86
Screen Interval

Phenanthrene 0.001 U 0.001 U 0.092 0.001 U 0.001 U
Phenol

Pyrene 0001 U 0.001 U 0.01 U 0.001 U 0.001 U
Total Phenol 0.005 U

Volatiles in ppm

1,1,1-Trichloroethane 0.001 U 0.001 UJ 0.001 UJ 0.001 U 0.001 U
1,1,2,2-Tetrachloroethane 0001 U 0.001 UJ 0.001 UJ 0.001 U 0.001 U
1,1,2-Trichloroethane 0001 U 0.001 UJ 0.001 UJ 0001 U 0.001 U
1,1-Dichloroethane 0001 U 0.001 UJ 0.001 UJ 0.001 U 0.001 U
1,1-Dichlorcethylene 0.001 U 0.001 UJ 0.001 UJ 0.001 U 0.001 U
1,2-Dichlorobenzene 0001 U 0.001 WJ 001 W 0.001 U 0.001 U
1,2-Dichloroethane 0.001 U 0.001 UJ 0.001 UJ 0.001 U 0.001 U
1,2-Dichloropropane 0.001 U 0.001 UJ 0.001 W) 0.001 U 0.001 U
1,3-Dichlorobenzene 0.001 U 0.001 UJ 0.01 W 0.001 U 0.001 U
1,4-Dichlorobenzene 0.001 U 0.001 UJ 0.01 UJ 0.001 U g.0ul U
2-Butanone 0.001 U 0.001 UJ 0.001 WJ 0.001 U 0.001 U
2-Hexanone 0.001 U 0.001 UJ 0.001 UJ 0.001 U 0.00] U
4-Methyl-2-pentanone 0.001 U 0.001 W 0.001 Ul 0001 U 0.001 U
Acetone 0.001 U 0.001 UJ 0022 W 0012 U 0.016 U
Acrolein 0.005 U 0.005 UJ 0.005 UJ 0.005 U 0005 U
Acrylonitrile 0.005 U 0.005 UJ 0.005 UJ 0005 U 0005 U
Benzene 0.001 U 0.001 UJ 64 J 0001 U 0001 U
Bromodichloromethane 0.001 U 0.001 UJ 0.001 UJ 0.00! U 0.001 U
Bromoform 0001 U 0.001 UJ 0.001 UJ 0.001 U 0.001 U
Bromomethane 0.001 U 0.c01 UJ 0.001 UJ 0.001 U 0.001 U
Carbon Disulfide 0.001 U 0.001 I 0.001 0UJ 0001 U 0.001 U
Carbon Tetrachloride 0.001 U 0.001 UJ 0.001 UJ 0.001 U 0001 U
Chlorobenzene 0.001 U 0.001 UJ 0.001 Ul 0.001 U 0.001 U
Chloredibromoethane 0.001 U 0.001 UJ 0.001 UJ 0.001 U 0.001 U
Chlorcethane 0.001 U 0.001 UJ 0.001 UJ 0.001 U 0.001 U
Chloroform 0.001 U 0.001 UJ 0.001 W 0.001 U 0.001 U
Chloromethane 0.001 U 0.001 UJ 0.001 UJ 0.001 U 0.001 U
Cis-1,3-Dichloropropene 0001 U 0.001 UJ 0.001 UJ 0001 U 0.001 U
Ethylbenzene 0.001 U 0.001 UJ 7] 0001 U 0.001 U
Methylene Chloride 0.001 U 0.006 UJ 0.019 W 0.001 U 0.006 U
o-Xylene .0.001 U 0.001 UJ 34 ] 0.001 U 0001 U
Styrene 0.001 U 0.001 UJ 0.001 UJ 0.001 U 0.001 U
Tetrachloroethylene 0001 U 0.001 UJ 0.001-UJ 0.001 U 0.001 U
Toluene 0.001 U 0.001 UJ 63 J 0.001 U 0.00] U
-Total Organic Halogens 0.02 UJ 0.02 UJ 001 U
Trans-1,2-Dichloroethylene 0001 U 0.001 UJ 0.001 UJ) 0.00] U 0.001 U
Trans-1,3-Dichloropropene 0001 U 0.001 UJ - 0.001 UJ 0001 U 0.001 U
Trichloroethylene 0.001 U 0.001 WJ 0.001 WJ 0.001 U 0.001 U
Vinyl Acetate 0001 U 0001 UJ 0.001 UJ 0001 U 0.001 U
Vinyl Chloride 0001 U 0.001 UJ 0.001 UJ 0.001 U 0.001 U
Xylene (total)

TPH in ppm

Diesel

Oil
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Lab-ID TB95-3-86 B-1-1-22-93 B-2-1-22-93 B-3A B-5
Sample-ID TB95 B-1 B2 B-3A B-5
Sample Date 320/86 1/22/93 1/22/93 1/22/93 1/22/93
Screen Interval '

Conventionals
Chloride
Conductivity
Sodium
Temperature
Total Cyanide in mg/L
Total Hardness as CaCO3
pH
Total Metals in ppm
Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc
Dissolved Metals in ppm
Antimony
Arsenic
Cadmium
Chromium
Copper
Nickel
Silver
Zinc
Semivolatiles in ppm
1,2,4-Trichlorobenzene 0.001 U 0.01
1,2-Dichlorobenzene 0.01
1,2-Diphenylhydrazine 0.001 U
1,3-Dichlorobenzene 0.01
1,4-Dichlorobenzene 0.01
2.4,5-Trichlorophenol 0.05
2,4,6-Trichlorophenol 0.01
-2,4-Dichlorophenol 0.01
2,4-Dimethylphenol - 0.01
2,4-Dinitrophenol 0.05
2,4-Dinitrotoluene 0.001 0.01
2,6-Dinitrotoluene 0.001 0.01
2-Chloroethyl vinyl ether 0.001
2-Chloronaphthalene . 0.001
2-Chlorophenol
2-Methylnaphthalene 0.001
2-Methylphenol 0.0l
2-Nitroaniline 0.001 0.05
2-Nitrophenol 0.01

0.01
0.01

0.01
0.01

0.01
0.01

oG
G a
ca
ca

0.01
0.0}
0.05
0.01
0.01
0.01
0.05
0.01
0.01

0.01
0.01
0.05
0.01
0.0}
0.01
0.05
0.01
0.01

0.01
0.01
0.05
0.01
0.01
0.01
0.05
0.01
¢.01

coccoccccaoacag
ccococcococaac
cccoccccoccc

0.01
0.01
0.01
0.01
0.05
0.01

0.01
0.01
0.01
0.01
0.05
0.01

0.01
0.01
0.01
0.0]
0.05
0.01

0.01
0.01
0.01

 © goccca
cCCcCQCocda gcooccccgaca

ccccaag
cccoccocad
cccaocaod
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Table D-2 - Previous Groundwater Quality Data Sheet 14 of 15 ’
Lab-ID TB95-3-86 B-1-1-22-93  B-2-1-22-93 B-3A B-5
Sample-ID TB9Y5 B-1 B-2 B-3A B-5
Sample Date 3/20/86 1122/93 1/22/93 1/22/93 1/22/93
Screen Interval
3,3-Dichlorobenzidine 0.001 U 002 U 002 U 002 U 0.02 U
3-Nitroaniline 0001 U 005 U 005 U 0.05 U 005 U
4,6-Dinitro-2-methylphenol 005 U 005 U 005 U 005 U
4-Bromophenyl-phenylether 0001 U 001 U 001 U 001 U 0.01 U
4-Chloro-3-Methylphenol 0.01 U .0.01 U 0.01 U 0.01 U
4-Chloroaniline 0.001 U 001 U 001 U 001 U 0.0l U
4-Chlorophenyl-phenylether 0.001 U 001 U 001 U 001 U 001 U
4-Methylphenol 0.01.U 001 U 001 U 001 U
4-Nitroaniline 0.001 U 005 U 005 U 005 U 005 U
4-Nitrophenol 005 U 005 U 005 U 005 U
Acenaphthene 0.001 U 001 U 001 U 001 U 001 U
Acenaphthylene 0.001 U 001 U 001 U 001 U 001 U
Aniline ' 0.001 U 001 U 001 U 0.01 U 001 U
Anthracene 0.001 U 001 U 001 U 001 U 001 U
Benzidine 0.001 U 0.1 U S0l U 01U 0.1 U
Benzo(a)anthracene 0.001 U 0.01. U 001 U 001 U 001 U
Benzo(a)pyrene 0001 U 001 U 0.01 U 001 U 001 U
Benzo(b)fluoranthene 0001 U 001 U 001 U 001 U 001 U
Benzo(bk)fluoranthene
Benzo(g,h,i)perylene 0.001 U 0601 U 001 U 00l U 001 U
Benzo(k)fluoranthene 0001 U 001 U 001 U 001 U 001 U
Benzoic Acid 005 U 005 U 0.001 J 005 U
Benzyl Alcohol 0001 U 001 U 001 U 001 U 001 U
Bis(2-chloroethoxy)methane 0001 U 001 U 001 U 001 U 001 U
Bis(2-chloroethyl)ether 0.001 U 001 U 001 U 001 U 001 U
Bis(2-chloroisopropyl)ether 0.001 U 0.01 U 001 U 001 U 001 U
Bis(2-ethylhexyl)phthalate 0.01 0.02 0.0015 J 0.0025 J 001 U
Butylbenzylphthalate . 0001 U 0ol U 001 U 001 U 00t U
Chrysene 0.001 U 001 U 001 U 001 U 0.01 U
Di-n-butylphthalate 001 U 001 U 001 U 001 U
Di-n-octylphthalate 0001 U 001 U 001 U 001 U 001 U
Dibenzo(a,h)anthracene 001 U 001 U 001 U 001 U
Dibenzo(ah)anthracene 0.001 U '
Dibenzofuran 0.001 U 001 U 001 U 001 U 001 U
Dibutylphthalate 0.001 U
Diethylphthalate 0.001 U 001 U 001 U 0.01 U 0.01 U
Dimethylphthalate 0.001 U 001 U 001 U 001 U 00! U
Fluoranthene 0.001 U 001 U 001 U 001 U 001 U
Fluorene ' 0.001 U 001 U 001 U 001 U 001 U
-Hexachlorobenzene 0.001 U 001 U 0.01 U 001 U 001 U
Hexachlorobutadiene 0.001 U 001 U 001 U . 001 U 001 U
Hexachlorocyclopentadiene 0.001 U 001 U - 001 U 001 U 001 U
Hexachloroethane 0.001 U 001 U 001 U 001 U 001 U
Indeno(1,2,3-cd)pyrene 0.001 U 001 U 001 U 001 U 001 U
Isophorone 0.001 U 001 U 001 U 001 U 001 U
N-Nitroso-di-n-propylamine 0.001 U 001 U 001 U 0.01 U 001 U
N-Nitrosodimethylamine 0.001 U 001 U 001 U .01 U 001 U
N-Nitrosodiphenylamine 0.001 U 001 U 001 U 001 U 001 U
Naphthalene 0001 U 001 U 001 U 00l U 0.01 U
Nitrobenzene 0001 U 001 U 001 U 6.0l U 001 U
Pentachlorophenol 001 U 0.01 U 001 U 001 U
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Table D-2 - Previous Groundwater Quality Data Sheet 15 of 15
Lab-ID TB95-3-86 B-1-1.22-93  B-2-1-22-93  B-3A B-5
Sample-ID TB95 B-1 B-2 B-3A B-5
Sample Date 3/20/86 1/22/93 1/22/93 1/22/93 1/22/93
Screen Interval
Phenanthrene . 0.001 U 001 U 001'U 001 U 001 U
Phenol 001 U 001 U 001 U 001 U
Pyrene 0.001 U 001 U 001 U 001 U 001 U
Total Phenol
Volatiles in ppm .
1,1,1-Trichloroethane 0.001 U
1,1,2,2-Tetrachlorcethane 0001 U
1,1,2-Trichloroethane 0.001 U
1,1-Dichlorocthane 0.001 U
1,1-Dichlorocthylene 0.001 U
1,2-Dichlorobenzene 0001 U 0001 U 0001 U 0.001 U 0.001 U
1,2-Dichloroethane 0001 U
1,2-Dichloropropane 0001 U
1,3-Dichlorobenzene 0001 U 0001 U 0.001 U 0.001 U 0.001 U
1,4-Dichlorobenzene 0.001 U 0.001 U 0.001 U 0001 U 0001 U
2-Butanone 0.001 U
2-Hexanone 0001 U
4-Methyl-2-pentanone 0.001 U
Acetone 0.015
Acrolein 0005 U
Acrylonitrile 0005 U .
Benzene 0.001 U 0.001 U 0.001 U 0001 U 0001 U
Bromodichloromethane 0001 U
Bromoform 0.001 U
Bromomethane 0.001 U
Carbon Disulfide 0.001 U
Carbon Tetrachloride 0.001 U
Chlorobenzene 0.001 U 0001 U 0.001 U 0.001 U 0.001 U
Chloredibromoethane 0.001 U
Chloroethane 0.001 U
Chloroform 0.001 U
Chloromethane 0001 U
Cis-1,3-Dichloropropene 0.001 U :
Ethylbenzene 0001 U 0001 U 0001 U 0.001 U .0.001 U
Methylene Chloride 0.001 U
o-Xylene 0.001 U
Styrene 0.001 U
Tetrachloroethylene 0001 U
Toluene 0.001 U 0.001 U 0001 U 0001 U 0.001 U
-Total Organic Halogens
Trans-1,2-Dichlorcethylene 0.001 U
Trans-1,3-Dichlorcpropene 0001 U
Trichloroethylene 0001 U
Vinyl Acetate 0.001 U
Vinyl Chloride 0.001 U
Xylene (total) 0001 U 0001 U 0.001 U 0001 U
TPH in ppm
Diesel 025 U 025 U 025 U 025 U
Qil 05 U 05 U 05U 05 U

U Not detected at detection limit indicated.
J Estimated concentration. 4515\GW050696.XLS
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Table D-3 - May 1996 Groundwater Quality Data Sheet 1 of 2
Lab-ID B605068-01 B605068-03 BG605068-04 B605068-05 B605068-06 B605068-02
Sample Date 5/01/96 5/03/96 5/03/96 5/03/96 5/03/96 5/03/96
Sample-ID HC-B-4 HC-101 HC-102 HC-103 HC-203 HC-B-6
Conventionals in mg/L
Total Dissolved Solids 940 960 510 430 460 840
Total Suspended Solids 24 35 29 9 9 21
Dissolved Metals in mg/L
Arsenic 0.0099 0.0091 0004 U 0004 U 0.004 U 0.013
Beryllium 0.002 U 0.002 U 0.002 U 0.002 U 0.002 U 0.002 U
Cadmium 0.002 U 0.002 U 0002 U 0002 U 0.002 U 0.002 U
Chromium 0.005 U 0.005 U 0005 U 0005 U 0005 U 0.005 U
Copper 0.001 U 0.001 U 0001 U 0.001 U 0001 U 0.001 U
Lead 0002 U 0.002 U 0002 U 0.002 U 0.002 U 0.002 U
Mercury 0.001 U 0.001 U 0.001 U 0.001 U 0001 U 0.001 U
Nickel 001 U 001 U 001 U 0.0058 001 U 001 U
_ Silver 002 U 002 U 002 U 002 U 002 U 002 U
Zinc 0.022 001 U 001 U 001 U 001 U 0.021
Semivolatiles in mg/L
Acenaphthene 0.00027 0.06 0.0086 0.0012 0.0013 0.0001 U
Acenaphthylene 0.0001 U 0.016 0.0002 0.0001 U 0.0001 U 0.0001 U
Anthracene 0.0001 U 0.0028 0.00049 0.0002 0.00015 0.0001 U
Benzo(a)anthracene 0.0001 U 0.0001 U 0.0001 U 0.0001 U 0.0001 U 0.0001 U
Benzo(a)pyrene ©0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U
Benzo(b)fluoranthene 0.0002 U 0.0002 U 00002 U 0.0002 U 0.0002 U 0.0002 U
Benzo(g,h,i)perylene 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U
Benzo(k)fluoranthene 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U
Chrysene 0.0001 U 0.0001 U 0.0001 U 0.0001 U 0.0001 U 0.0001 U
Dibenzo(ah)anthracene 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U
Fluoranthene © 0.00013 0.0026 0.00052 0.00018 0.00019 0.0001 U
Fluorene 0.00016 0.02 0.0018 0.00037. 0.0004 0.0001 U
-Indeno(1,2,3-cd)pyrene 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U
Naphthalene 0.0001 U 0.53 0.00023 0.00022 0.00022 0.0001 U.
Phenanthrene 0,0004 0.024 0.0022 0.00087 0.0009 0.0001 U
Pyrene 0.00014 0.0023 0.00047 0.00019 0.00018 0.0001 U
Volatiles (EPA 8260) in mg/L :
1,1,1,2-Tetrachloroethane 0.001 U 0.002 U 0.001 U 0001 U 0001 U 0001 U
1,1,1-Trichlorcethane 0.001 U 0.002 U 0001 U 0001 U 0001 U 0001 U
1,1,2,2-Tetrachloroethane - 0,001 U 0002 U 0.001 U 0001 U 0.001 U 0001 U
1,1,2-Trichloroethane 0001 U 0002 U 0.001 U 0001 U 0001 U 0001 U
1,1-Dichloroethane 0001 U 0002 U 0001 U 0001 U 0001 U 0001 U
1,1-Dichloroethene 0.001 U 0002 U 0001 U 0001 U 0001 U 0.001 U
1,1-Dichloropropene 0.001 U 0.002 U 0.001 U 0001 U 0001 U 0.001 U
1,2,3-Trichlorobenzene - 0001 U 0002 U 0001 U 0001 U 0.001 U 0001 U
1,2,3-Trichloropropane 0.001 U 0002 U 0001 U 0001 U 0001 U 0.001 U
1,2,4-Trichlorobenzene 0.001 U 0002 U 0001 U 0001 U 0.001 U 0.001 U
1,2,4-Trimethylbenzene 0.001 U 0.018 0001 U 0001 U 0001 U 0.001 U
1,2,5-Trimethylbenzene 0.001 U 0.0074 0001 U 0001 U 0001 U 0001 U
1,2-Dibromo-3-chloropropane 0001 U 0002 U 0.001 U 0001 U 0.001 U 0001 U
1,2-Dibromoethane 0.001 U 0002 U 0001 U 0001 U 0001 U 0001 U
1,2-Dichlorobenzene 0.001 U 0002 U 0.001 U 0.001 U 0001 U 0.001 U
1,2-Dichloroethane 0.001 U 0002 U 0001 U 0001 U 0001 U 0.001 U
1,2-Dichloropropane 0001 U 0002 U 0001 U 0001 U 0.001 U 0001 U
1,3-Dichlorobenzene 0001 U 0002 U 0001 U 0001 U 0.001 U 0.001 U
1,3-Dichloropropane 0001 U 0002 U 0001 U 0001 U 0001 U 0001 U

4515\gw-5-96.xIs



Table D-3 - May 1996 Groundwater Quality Data
B605068-03 B605068-04 B605068-05 B605068-06 B605068-02

Lab-ID B605068-01
Sample Date 5/01/96

Sample-1D HC-B-4

1,4-Dichlorobenzene 0001 U
2,2-Dichloropropane 0.001 U
2-Chlorotoluene 0.001 U
4-Chlorotoluene 0.001 U
Benzene 0.001 U
Bromobenzene 0.001 U
Bromochloromethane 0.001 U
Bromodichloromethane 0.001 U
Bromoform - 0.001 U
Bromomethane 0.001 U
Carbon Tetrachloride 0.001 U
Chlorobenzene 0.001 U
Chloroethane 0.001 U
Chloroform 0.001 U
Chloromethane 0.001 U
Cis-1,2-Dichloroethene 0.001 U
Dibromochloromethane 0.001 U
Dibromomethane - 0001 U
Dichlorodifluoromethane 0001 U
Ethylbenzene 0.001 U
Hexachlorobutadiene 0001 U
Isopropylbenzene 0.001 U
m & p-Xylene 0.001 U
Methylene Chloride 0.005 U
N-Butylbenzene 0.001 U
N-Propylbenzene 0001 U
Naphthalene 0.001 U
o-Xylene . 0.001 U
P-Isopropyltoluene 0001 U
Sec-Butylbenzene 0001 U
‘Styrene 0.001 U
Tert-Butylbenzene 0.001 U
Tetrachloroethene 0001 U
Toluene 0001 U
Trans-1,2-Dichloroethene 0.001 U
Trichloroethene 0001 U
Trichlorofluoromethane 0001 U
Vinyl Chloride 0001 U

Volatiles (EPA 8020) in mg/L
Benzene 0.0005 U
Ethylbenzene 0.0005 U
Toluene 0,0005 U
Xylene (total) 0001 U
TPH in mg/L

Diesel 025 U
Gasoline 005 U
Oil 075 U

U - not detected at detection limit indicated
HC-203 is a duplicate of HC-103

4515\gw-5-96.xls

5/03/96
HC-1M1

0.002
0.002
0.002
0.002
0.037
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.0065
0.044
0.01
0.002
0.002
1
0.025
0.0056
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002

0.0043
0.077
0.0077
0.064

25
3.6
0.75

ccococoacoccoaocccacgagagag coac

cacac

coccoccacaca

5/03/96
HC-102

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.005
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

0.0005
0.0005
0.0005

0.001

0.25
0.074
0.75

g ¢ CCccCc Ccocooccggadooaocaaaaococacoaaacooaaacocaaaaaaccda

5/03/96
HC-103

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.005
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

0.0005
0.0005
0.0005

0.001

0.25
0.05
0.75

cgCccCcCcdcodgcgCcccocgcaagcogogoaoaoaoaaocoaaoccaaaccocaacad

ccco ccaccd
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5/03/96
HC-203

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.005
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

0.0005
0.0005
0.0005

0.001

0.25
0.05
0.75

CCC CCCC dCcoccocdcaddgOoagaagoaoaooaaaoaadacaaoaoaoaoaoaaoaacaaaaad
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5/03/96
HC-B-6

0.001.

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.005
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

0.0005
0.0005
0.0005

O.QOI

0.25
0.05
0.75

1
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APPENDIX E
MULTIMED MODEL
INPUT PARAMETERS
AND RESULTS
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U.S. ENVIRONMENTAL PROTECTION AGENCY Sheet1 of 2
EXPOSURE ASSESSMENT
MULTIMEDIA MODEL

MULTIMED (Version 1.01, June 1991)
1
Run options

Union Station

Option Chosen . Saturated zone model
Run was DETERMIN
Infiltration input by user
Run was steady-state
Reject runs if Y coordinate outside plume
Do not reject runs if Z coordinate outside plume
Patch source used in saturated zone model
1
1

CHEMICAL SPECIFIC VARIABLES

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS

MEAN STD DEV MIN MAX
Solid phase decay coefficient o iyr DERIVED -999 -999 0.00E+00 1.00E+10
Dissolved phase decay coefficient 1/yr DERIVED -999 -999 0.00E+00 1.00E+10
Overall chemical decay coefficient 1/yr DERIVED -999 -999 0.00E+00 1.00E+10
Acid catalyzed hydrolysis rate /M-yr CONSTANT 0.00E+00 -999 0.00E+00 -999
Neutral hydrolysis rate constant 1hyr CONSTANT 0.00E+00 -999 0.00E+00 -999
Base catalyzed hydrolysis rate I/M-yr CONSTANT 0.00E+00 -999 0.00E+QD -999
Reference temperature c CONSTANT 25 -999 0.00E+00 100
Normalized distribution coefficient mlg CONSTANT 0.00E+00 -999 0.00E+0Q0 -899
Distribution coefficient -- CONSTANT 0.00E+00 -999 0.00E+00 1.00E+10
Biodegradation coefficient (sat. zone) 1/yr CONSTANT 0.00E+00 -999 0.00E+00 -999
Air diffusion coefficient cm2/s GCONSTANT 0.00E+00 -999 0.00E+00 10
Reference temperature for air diffusion C CONSTANT ' 25 -999 0.00E+00 100
Molecular weight a/M CONSTANT "0.00E+00 -999 0.00E+00 -999
Mole fraction of solute -- CONSTANT 0.00E+00 -999 1.00E-09 1
Vapor pressure of solute mm Hg CONSTANT 0.00E+00 -999 0.00E+00 100
Henry's law constant atm-m"3/M CONSTANT 0.00E+00 -999 1.00E-10 1
Overall 1st order decay sat. zone 1lyr DERIVED 0.00E+00 0.00E+00 0.00E+00 1
Not currently used CONSTANT - -999 -999 0.00E+00 1
Not currently used CONSTANT -899 -999 0.00E+00 1
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J-4515
SOURCE SPECIFIC VARIABLES Sheet2 of 2
VARIABLE NAME UNITS = DISTRIBUTION PARAMETERS LIMITS

MEAN STDDEV MIN MAX
Infiltration rate miyr CONSTANT 0.11 -999 1.00E-10 1.00E+10
Area of waste disposal unit mh2 CONSTANT 4.86E+04 - -999 1.00E-02 -999
’ Duration of pulse yr CONSTANT -999 -999 1.00E-09 -999
Spread of contaminant source m DERIVED -999 -999 1.00E-09 1.00E+10
Recharge rate miyr CONSTANT 0.11 -999 0.00E+00 1.00E+10
Source decay constant 1lyr CONSTANT 0.00E+00 -999 (0.00E+00 -999
Initial concentration at landfili mg/l CONSTANT 1 -999 0.00E+00 -999
Length scale of facility m CONSTANT 270 -999 1.00E-09 1.00E+10
Width scale of facility .m . CONSTANT 180 -999 1.00E-09 1.00E+10
Near field dilution DERIVED ~ 1 0.00E+00 0.00E+00 1

AQUIFER SPECIFIC VARIABLES

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS

MEAN STD DEV MIN MAX
Particle diameter cm CONSTANT ' -989 -999 1.00E-09 100
Aquifer porosity - CONSTANT 0.3 -999 1.00E-09 0.99
Bulk density glee CONSTANT 1.6 -999 1.00E-02 5
Aquifer thickness m CONSTANT 3 -999 1.00E-09 1.00E+05
Source thickness {mixing zone depth) m DERIVED -999 -999 1.00E-09 1.00E+05
Conductivity (hydraulic) m/yr CONSTANT 320 -999 1.00E-07 1.00E+08
Gradient (hydraulic) CONSTANT 2.00E-03 -999 1.00E-08 -999
Groundwater seepage velocity miyr DERIVED -999 -999 1.00E-10 1.00E+08
Retardation coefficient - DERIVED -999 -999 1 1.00E+08
Longitudinal dispersivity m FUNCTION OF X -999 -999 -999 -999
Transverse dispersivity m FUNCTION OF X -999 -999 -999 -999
Vertical dispersivity m FUNCTION OF X -999 -999 -999 -999
Temperature of aquifer _ Cc CONSTANT -999 -999 0.00E+00 100
pH - CONSTANT -999 -999 0.3 14
Crganic carbon content (fraction) CONSTANT 5.00E-03 -999 1.00E-06 1
Well distance from site m CONSTANT 400 -999 1 -999
Angle off center degree CONSTANT 0.00E+00 -999 0.00E+00 360
Well vertical distance m CONSTANT 0.C0E+00 -999 0.00E+C0 1

CONCENTRATION AFTER SATURATED ZONE MODEL 0.9626E-04
Starting concentration was 1, therefore DAF = 10,400.
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APPENDIX F
TPH LABORATORY CHROMATOGRAMS
" MAY 1996 GROUNDWATER SAMPLES
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Data File Name : C:\HPCHEM\1\DATA\MAY07\053R0501.D
Operator : TF Page Number : 1
Instrument : PHIL Vial Number : 53
Sample Name : BLK 0506 W 3520 Injection Number : 1
Run Time Bar Code: ‘ Sequence Line t 5
Acquired on : 07 May 96 07:35 PM Instrument Method: TPHER.MTH

Report Created on: 08 May 96 09:19 AM Analysis Method : TPHE.MTH




HPRPTR

Area Percent Report

Data File Nam C:\HPCHEM\1 \DATA\MAY67\053R0501.D

Operator :TF

Iinstrument PHIL

Sample Name BLK 0506 W 3520

Run Time Bar Code:

Acquiredon  7-May-96 7:35 PM
Report Created 8-May-86 9:19 AM

Page Number :@ 1
Vial Number : 563
injection Number: 1
Sequenceline : 5

Instrument Method: TPHER.MTH
Analysis Method : TPHE.MTH

Sig. 2 in CA\HPCHEM\1\DATAWAYO07\053R0501.D

2FBP:- 2033475

Pké# Ret Time Area Height Type Width Area %
1 8.74 253324 1232410 MMR 0.003 4.3693
2 10.152 2033475 1228809 MM T 0.028 35.0729
3 15.631 132307 1073375 MMR 0.002 2.282
4 17.22 3378748 1067132 MMT 0.053 58.2758
Totalarea= £ 5797854
User Modified
SAMPLE QUANTITATION
|Extraction - Initial Wt.(E)Nol(L).: 1000 Final Volume(mL): 1
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (pI): 2
Calibration RF: 4852 2 Fbp RF: 5115
Analysis: TPHD Octacosane RF: 5723
Integration Results (Area)-
Total: 253324 3378748

Calculation Results-

2Fbp conc (pg/mL in extract):

Concentration(mg/kg or mg/L):

Octacosane conc (ug/mL in extract):

0.026

198.78

295.19

2 FBP %:

OCT %:

58%

87%
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Area Percent Report

Data File Nam C:\HPCHEM\T\DATA\MAYOQ7\053R0501.D

Operator I TF Page Number : 1

Instrument .  PHIL Vial Number : 53

Sample Name BLK 0506 W 3520 Injection Number: 1

Run Time Bar Code: SequenceLine : 5

Acquired on  7-May-86 7:35 PM Instrument Method: TPHER.MTH

Report Created 8-May-96 - 9:19 AM Analysis Method : TPHE.MTH

8ig. 2 in C:\HPCHEM\1\DATA\MAY07\053R0501.D

Pigt - Ret Time Area Height Type Width Area %

1 8.74 253324 1232410 MM R 0.003 4.3693
2 10.152 2033475 1228809 MMT 0.028 35.0729
3 15.631 132307 1073375 MMR 0.002 2.282
4 17.22 3378748 1067132 MMT 0.053 58.2758

4Total area= - 5797854

User Modified

SAMPLE QUANTITATION

[Extraction - Initial Wt.(g)/Vol(L).: 1000 * Final Volume(mL): 1 1

Instrument Parameters-

Dilution Fact.: 1 Injection Vol {ul): 2
Calibration RF: 3135 , 2 Fbp RF: 5115
Analysis: TPHE Octacosane RF: 5723

Integration Results (Area)-

Total: 132307 - 2FBP: 2033475 Oct: 3378748

Calculation Results-

Concentration(mg/kg or mg/L): 10.021

9Fbp conc (pg/mL in extract): 198.78 ' 2 FBP %: 58%

Qctacosane conc (ug/mL in extract): 295.19 OCT %: 87%
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Data File Name : C:\HPCHEM\1\DATA\MAY07\054R0501.D
Operator : TF Page Number :t 1
Instrument ¢ PHIL Vial Number - : 54
Sample Name : BS 0506 W 3520 Injection Number : 1
Run Time Bar Code: ‘ Sequence Line : 5
Acguired on : 07 May 96 08:15 PM Instrument Method: TPHER.MTH
: 08 May 96 09:21 AM Analysis Method : TPHE.MTH

Report Created on




HPRPTR

Data File Nam C:\HPCHEMVI\DATAMAYO07\054R0501.D

Operator : TF : Page Number : 1

Instrument PHIL Vial Number : 54

Sample Name BS 0506 W 3520 Injection Number: 1

Run Time Bar Code: Sequence line : 5

Acquired on 7-May-96 8:15 PM Instrument Method: TPHER.MTH

Report Created 8-May-96 9:21 AM Analysis Method : TPHE.MTH

8ig. 2 in C:\HPCHEM\1\DATAWMAY07\054R0501.D .

Pk# Ret Time Area Height Type Width Area %

1 8.74 1.45E+07 1200731 MM R 0.188 45,8886
2 10.158 1951207 1251529 MMT 0.026 6.1649
3 15.631 1.02E+07 1480424 MMR 0.115 32.1961
4 17.244 4984993 1475340 MMT 0.056 15.7503

. Totalarea=" 3.17E+07

User Modified
SAMPLE QUANTITATION
A'|Extraction - Initial Wt.(g)Nol(L).: 1000 Final Volume{mL): 1 |
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (ul): 2
Calibration RF: 4852 2 Fbp RF: 5115
Analysis: TPHD , Qctacosane RF: 5723
Integration Results (Area)-
_ Totak 14523800 2FBP: 1951207 Oct: 4984993
Calculation Results-
Concentration(mg/kg or mg/L): 1.497
2Fbp conc (pg/mL in extract): 190.73 2 FBP %: 55%
Octacosane conc (ug/mL in extract): 435.52 OCT %: 128%
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Data File Name : C:\HPCHEM\1\DATA\MAY07\006F0401.D
Operator : TF Page Number : 1 -
Instrument : PHIL Vial Number : 6
Sample Name : 605068-01 W Injection Number : 1
Run Time Bar Code: . Sequence Line : 4
Acquired on : 07 May 96 08:15 PM Instrument Method: TPHER.MTH

Report Created on: 08 May 96 09:21 AM Analysis Method : TPHE.MTH
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Data File Nam C:\HPCHEM\1\DATAWMAYO07\006F0401.D

Operator : TF Page Number 1
Instrument PHIL Vial Number 6
Sample Name 605068-01 W Injection Number: 1
Run Time Bar Code: Sequence Line 4
Acquiredon  7-May-96 8:15 PM Instrument Methed: TPHER.MTH
Report Created 8-May-96 9:21 AM Analysis Method : TPHE.MTH
Sig. 1 in C:\HPCHEM\1\DATA\MAY07\006F0401.D
Pk# Ret Time Area Height Type Width Area %
1 9.25 1090795 805333 MM R 0.023 20.3678
2 10.598 1414158 ' 803146 MMT 0.029 26.4058
3 16.281 537603 827223 MMR 0.011 10.0384
4 17.82 2312933 811567 MMT 0.047 43.1881
Total area= 5355489
User Modified
SAMPLE QUANTITATION
[Extraction - Initial Wt.(@)/Voi(L).: 1000 Final Volume(mL): 1
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (ul): 2
Calibration RF: 3582 2 Fbp RF: 4110
Analysis: TPHD. Octacosane RF: 4118
Integration Results (Area)-
Total: 1090795 2FBP: 1414158 Oct: 2312933
Calculation Results-
Concentration(mg/kg or mg/L): 0.152
2Fbp conc (pg/mL in extract): 172,04 2 FBP %: 50%
Octacosane conc (ug/mL in extract): 280.83 OCT %: 82%




'HPRPTF

Area Percent Report

Data File Nam C:\HPCHEM\I\DATA\MAY(07\006F0401.D

Operator 1 TF Page Number 1
Instrument PHIL Vial Number 6
Sample Name 605068-01 W Injection Number: 1
Run Time Bar Code: Sequence Line 4
Acquired on 7-May-96 8:15 PM Instrument Method: TPHER.MTH
Report Created 8-May-86 9:21 AM Analysis Method : TPHE.MTH
Sig. 1 in CA\HPCHEM\1\DATAMAY07\006F0401.D
Pk# Ret Time Area Height Type Width Area %
1 9.25 1090795 805333 MM R 0.023 20.3678
2 10.598 1414158 803146 MMT 0.029 26.4058
3 16.281 537603 827223 MMR 0.011 10.0384
4 17.82 2312933 811567 MMT 0.047 43.1881
Total area = 5355489
User Modified
SAMPLE QUANTITATION
fExtraction - Initial Wt.(g)NoI(L).: 1000 Final Volume(mL): 1
Instrument Parameters-
Dilution Fact.: 1 Injectien Vol (pl): 2
Calibration RF: 2487 2 Fbp RF: 4110
Analysis: TPHE Octacosane RF: 4118
Integration Results {(Area)-
Total: 537603 2FBP: 1414158 Oct: 2312933
Calculation Results-
Concentration(mg/kg or mg/L): 0.108
2Fbp conc (ug/mL in extract): 172.04 2 FBP %: 50%
Octacosane conc (ug/mL in extract): 280.83 OCT %: 82%
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Data File Name : C:\HPCHEM\1\DATA\MAY07\007F0401.D
Operator : TF Page Number 1
Instrument : PHIL Vial Number I
Sample Name : 605068-02 W . Injection Number : 1
Run Time Bar Code: _ Sequence Line : 4
Acguired on : 07 May 96 08:54 PM Instrument Method: TPHER.MTH

Report Created on: 08 May 96 09:23 AM Analysis Method : TPHE.MTH -
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Area Percent Report

Data File Nam C:\HPCHEM\I\DATA\MAYQ7\007F0401.D

Operator :TF
Instrument PHIL

Sample Name 605068-02 W
Run Time Bar Code:
Acquired on 7-May-96
Report Created 8-May-96

8:54 PM
9:23 AM

Sig. 1 in CAHPCHEMVI\DATAWMAY07\007F0401.D

Page Number 1

Vial Number : 7

Injection Number: 1

Sequence Line : 4
Instrument Method: TPHER.MTH
Analysis Method : TPHE.MTH

Pks# Ret Time Area Height Type Width Area %
1 9.25 430158 812908 MMR 0.009 9.5748
2 10.598 1412820 810478 MMT 0.029 31.4477
3 16.281 247359 844720 MM R 0.005 5.5059
4 17.82 2402263 838050 MMT 0.048 53.4716
Total area= 4492599
User Modified 6 0 O
SAMPLE QUANT/TATION
[Extraction - Initial WA.(@)/Vol(L).: 1000 Final Volume(mL): i
4
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (uf): 2
Calibration RF: 3582 2 Fbp RF: 4110
Analysis: TPHD Octacosane RF: 4118
Integration Results (Area)-
Total: 430158 2FBP: 1412820 Oct: 2402263
Calculation Results-
Concentration(ma/kg or mg/L): )@60/ W /z/p
2Fbp conc (ug/mL in extract): 171.88 2 FBP %: 50%
Octacosane conc (ug/mL in extract): 291.68 OCT %: 86%
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Area Percent Report
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Data File Nam C:\HPCHEM\1\DATAWMAY07\007F0401.D

Operator : TF Page Number 1
Instrument PHIL Vial Number 7
Sample Name 605068-02 W Injection Number: 1
Run Time Bar Code: Sequence Line 4
Acquired on 7-May-96 8:54 PM Instrument Method: TPHER.MTH
Report Created 8-May-96 9:23 AM Analysis Method : TPHE.MTH
Sig. 1 in C:\HPCHEM\1\DATA\MAY07\007F0401.D
Pk# Ret Time Area Height Type Width Area %
1 925 430158 812908 MM R . 0.009 9,5748
2 10.598 1412820 810478 MMT 0.029 31.4477
3 16.281 247359 844720 MM R 0.005 5.5059
4 17.82 2402263 838050 MMT 0.048 534716
Totalarea= 4492599
User Modified
SAMPLE QUANTITATION
JExtraction - Initial Wt.(@)/Vol(L).: 1000 Final Volume(mL): 1
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (ul): 2
Calibration RF: 2487 2 Fbp RF: 4110
Analysis: TPHE Octacosane RF: 4118
Integration Results (Area)-
Total: 247359 2FBP: 1412820 Oct: 2402263
Calculation Results-
Concentration(mg/kg or mg/L): 0.050
2Fbp conc (Mg/mL in extract): 171.88 2 FBP %: 50%
Octacosane conc (pg/mL in extract): 291.68 OCT %: 86%
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Data File Name : C:\HPCHEM\1\DATA\MAY07\008F0401.D
Operator : TF Page Number : 1
Instrument : PHIL Vial Number : 8
Sample Name : DUP068-02 W Injection Number : 1
Run Time Bar Code: : Sequence Line : 4
Acquired on : 07 May 96 09:33 PM Instrument Method: TPHER.MTH
Report Created on: 08 May 96 09:24 AM Analysis Method : TPHE.MTH



HPRPTF

Area Percent Report

Data File Nam C:\HPCHEM\1\DATAWMAYO07\008F0401.0

Operator :TF - Page Number
Instrument PHIL Vial Number
Sample Name DUP068-02 W Injection Number ;
Run Time Bar Code: Sequence Line
Acquired on  7-May-96 9:33 PM Instrument Method: TPHER.MTH
Report Created 8-May-96 9:24 AM Analysis Method : TPHE.MTH
¢ Sig. 1in CA\HPCHEM\T1\DATA\MAY07\008F0401.D
Pk# . Ret Time Area Height Type Width Area %
1 9.25 454291 806586 MMR 0.009 9.6968
2 10.601 1570319 804146 MMT 0.033 33.5185
3 16.281 257389 841235 MMR 0.005 5.494
4 17.82 2402935 829681 MMT 0.048 51.2907
Totalarea= 4684934
User Modified
SAMPLE QUANTITATION
[Extraction - Initial Wt.(g)/Vol(L).: 1000 Final Volume(mL): 1
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (ul): 2
Calibration RF: 35682 2 Fbp RF: 4110
Analysis: TPHD Octacosane RF: 4118
Integration Resuits (Area)-
Total: 454291 2FBP: 1570319 Oct: 2402935
Calculation Results-
Concentration(mg/kg or mg/L): 0.063
2Fbp conc (ug/mL in extract): 191.04 2 FBP %: 56%
Octacosane conc (pg/mL in extract): 291.76 OCT %: 86%




HPRPTF

Area Percent Report

Data File Nam C:\HF‘CHEM\1 \DATAWMAY07\008F0401.D

Operator : TF Page Number 1
Instrument PHIL ) Vial Number : 8
Sample Name DUP068-02 W [njection Number: 1
Run Time Bar Code: Sequenceline : 4
Acquiredon  7-May-96 9:33 PM Instrument Method: TPHER.MTH
Report Created 8-May-96 9:24 AM Analysis Method : TPHE.MTH
Sig. 1 iﬁ C:\HPCHEM\1\DATA\MAY(07\008F0401.D ‘
Pk# Ret Time Area Height Type Width Area %
1 9.25 454291 806586 MM R 0.009 9.6968
2 10.601 1570319 804146 MMT 0.033 33.5185
3 16.281 257389 841235 MMR 0.005 5.494
4 17.82 2402935 829681 MMT 0.048 51.2907
Totalarea= 4684934
User Modified
SAMPLE QUANTITATION
[Extraction - Initial Wt.(g)NoI(L).: 1000 Final Volume(mL): 1
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (u!): 2
Calibration RF: 2487 2 Fbp RF: 4110
Analysis: TPHE Octacosane RF: 4118
Integration Results (Area)-
Total: 257389 2FBP: 1570319 Oct: 2402935
Calculation Results-
Concentration(mg/kg or'mglL): 0.052
2Fbp conc (ug/mL in extract): 191.04 2 FBP %: 56%
Octacosane conc (pg/mL in extract): 291.76 OCT %: 86%
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Data File Name : C:\HPCHEM\1\DATA\MAY07\009F0601.D
Operator : TF Page Number H
Instrument : PHIL vial Number -
Sample Name : 605068-03 W Injection Number : 1
Run Time Bar Code: . Sequence Line : 6
Acquired on ¢ 07 May 96 10:50 PM Instrument Method: TPHER.MTH

Report Created on: 08 May 96 09:28 AM Analysis Method : TPHE.MTH



HPRPTF

Area Percent Report

Data File Nam C:\HPCHEM\1\DATAWMAYQ7\009F0601.D

: TF
PHIL

Operator
Instrument

Sample Name 605068-03 W

Run Time Bar Code:
Acquired on  7-May-96
Report Created 8-May-96

Page Number 1

Vial Number 9

Injection Number: 1

Sequence line : 6
10:50 PM Instrument Method: TPHER.MTH
9:28 AM Analysis Method : TPHE.MTH

Sig. 1 in C\HPCHEM\I\DATA\MAY07\008F0601.D

Pke# Ret Time . Area Height Type Width Area %
1 9.25 1.82E+07 845488 MMR 0.358 75.4334
2 10.605 1957227 825925 MMT 0.039 8.1225
3 16.281 1527434 871315 MM R 0.026 6.3389
4 17.827 2434968 845928 MMT 0.048 10.1052
Total area=  2.41E+07
User Modified
SAMPLE QUANTITATION
[Extraction - Initial Wt.(g)NoI(L).: 1000 Final Volume(mL): 1
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (ul): 2
Calibration RF: 3582 2 Fbp RF: 4110
Analysis: TPHD Octacosane RF: " 4118
integration Results (Area)-
Total: 18176600 2FBP: 1957227 Cct: 2434968
Calculation Results-
Concentration(mg/kg or mg/L): 2.537
2Fbp conc (ug/mL in extract): 238.11 2 FBP %: 69%
Octacosane conc (ug/mL in éxtract): 295.65 OCT %: 87%
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Data File Nam C:\HPCHEM\1\DATAWMAYO07\009F0601.D

Operator :TF Page Number 1

Instrument PHIL Vial Number : @

Sample Name 605068-03 W Injection Number : 1

Run Time Bar Code: Sequenceline : 6

Acquired on  7-May-96 10:50 PM Instrument Method: TPHER.MTH

Report Created 8-May-96 9:28 AM Analysis Method : TPHE.MTH

Sig. 1 in C:\HPCHEM\1\DATAWMAY07\009F0601.D

Pki# Ret Time Area Height Type Width Area %

1 9.25 1.82E+07 - 845488 MM R 0.358 75.4334
2 10.605 1957227 825925 MMT 0.039 8.1225
3 16.281 1527434 971315 MM R 0.026 6.3389
4

17.827 2434968 845928 MMT 0.048 10.1052

Total area = 2.41E+07

User Modified
SAMPLE QUANTITATION
[Extraction - Initial Wt.(g)/Vol(L).: 1000 Final Volume(mL): 1
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (yI): 2
Calibration RF: 2487 2 Fbp RF: 4110
Analysis: TPHE ' Octacosane RF: 4118
Integration Results (Area)-
Total: 1527434 2FBP: 1957227 Oct: 2434968
Calculation Results-
Concentration(mg/kg or mg/L): 0.307
2Fbp conc (pg/mL in extract): 238.11 2 FBP %: 69%
Octacosane éonc (ug/mL in éxtract): 295,65 : OCT %: 87%
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Data File Name : C:\HPCHEM\1\DATA\MAY07\010F0601.D
Operator : TF Page Number : 1
Instrument : PHIL Vial Number : 10
Sample Nane : 605068-04 W Injection Number : 1
Run Time Bar Code: . Sequence Line t 6
Acquired on : 07 May 96 11:30 PM Instrument Method: TPHER.MTH

Report Created on: 08 May 96 09:30 AM Analysis Method : TPHE.MTH



HPRPTF

Data File Nam C:\HPCHEM\1\DATA\MAY07\010F0601.D

Operator i TF Page Number
Instrument PHIL Vial Number
Sample Name 605068-04 W Injection Number:
Run Time Bar Code: Sequence Line :
Acquired on 7-May-96 11:30 PM Instrument Method: TPHER.MTH
Report Created 8-May-96 9:30 AM Analysis Method : TPHE.MTH
Sig. 1 in C:\HPCHEM\1\DATA\MAY(07\010F0601.D
Pk# Ret Time Area Height Type Width Area %
1 9.25 1135463 812843 MM R 0.023 20.5952
2 10.599 1474397 810520 MM T 0.03 26.7429
3 16.281 465559 892123 MMR 0.008 8.4444
4 17.827 243781¢C 895291 MM T 0.045 44 2175
Total area = 5513229
User Modified '
SAMPLE QUANTITATION
[Extraction - Initial Wt.(g)Nol(L).: 1000 Final Volume(mL): 1
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (ul): 2
Calibration RF: 3582 2 Fbp RF: 4110
Analysis: TPHD Octacosane RF: 4118
Integration Results (Area)-
Total: 1135463 2FBP: 1474397 QOct: 2437810
Calculation Results-
Concentration(ma/kg or mg/L): 0.158
2Fbp conc (4g/mL in extract): 179.37 2 FBP %: 52%
Octacosane conc (pg/mL in éxtract): 29599 OCT %: 87%
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Data File Nam C:\HPCHEM\1\DATAWMAYQ07\010F0601.D

Operator :TF Page Number : 1

Instrument PHIL ' Vial Number 10

Sample Name 605068-04 W ' " Injection Number: 1

Run Time Bar Code: Sequence Line : 6

Acquired on 7-May-96 11:30 PM Instrument Method: TPHER.MTH

Report Created 8-May-96 9:30 AM Analysis Method : TPHE.MTH

Sig. 1 in C:\HPCHEM\1\DATA\MAY07\010F0601.D

Pki# Ret Time Area Height Type Width Area %

1 9.25 1135463 812843 MMR 0.023 20.5952
2 10.599 1474397 810520 MM T 0.03 28.7429
3 16.281 465559 992123 MMR 0.008 8.4444
4 17.827 2437810 895291 MMT 0.045 44.2175

Total area = 5513229

User Modified
SAMPLE QUANTITATION
[Extraction - Initial Wt.(g)/Vol(L).: 1000 Final Volume(mL): 1 |
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (ui): 2
Calibration RF: 2487 2 Fbp RF: 4110
Analysis: TPHE Octacosane RF: 4118
Integration Results (Area)-
Total: 465559 2FBP: 1474397 Oct: 2437810
[Calculation Results-
Concentration(mg/kg or mg/L): 0.094
2Fbp conc (ug/mL in extract): 179.37 2 FBP %: 52%
Octacosane conc (ug/mL in extract): 295.99 ' OCT %: 87%
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Data File Name : C:\HPCHEM\1\DATA\MAYO07\011F0601.D
Operator : TF Page Number T
Instrument : PHIL Vial Number : 11
Sample Name ~ : 605068-05 W Injection Number : 1
Run Time Bar Code: : Sequence Line : 6
Acquired on : 08 May 96 00:08 AM Instrument Method: TPHER.MTH

Report Created on: 08 May 96 09:33 AM Analysis Method : TPHE.MTH



HPRPTF

Data File Nam C:\HPCHEM\1\DATAWMAY07\011F0601.D

: TF
PHIL

Operator
Instrument

Sample Name 605068-05 W

Run Time Bar Code:

Page Number : 1
Vial Number : 11
Injection Number: 1
Sequenceline : 6

Acquired on 8-May-86 12:08 AM Instrument Method: TPHER.MTH
Report Created 8-May-96 9:33 AM Analysis Method : TPHE.MTH
Sig. 1 in C:\HPCHEM\I\DATAWMAY07\011F0601.D _
Pk# Ret Time Area Height Type Width Area %
1 9.25 431082 922044 MMR 0.008 8.9113
2 10.604 1652537 920193 MM T 0.03 34.1602
3 16.281 297035 988274 MMR 0.005 6.1401
4 17.827 2456940 890142 MM T 0.046 50.7884
Totalarea= 4837604
User Modified
SAMPLE QUANTITATION
[Extraction - Initial Wt.(g)/Vol(L).: 1000 Final Volume(mL.): 1
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (u): 2
Calibration RF: 3582 2 Fbp RF: 4110
Analysis: TPHD Qctacosane RF: 4118
Integration Results (Area)-
Total: 431082 2FBP: 1652537 Oct: 24568940
Calculation Results-
Concentration{mg/kg or mg/L): 0.060
2Fbp conc (ug/mL in extract): 201.04 2 FBP %: 58%
Octacosane conc (pg/mL in éxtract): 298.32 OCT %: 87%




HPRPTF

Area Percent Report

Data File Nam C:\HPCHEM\1\DATAWAY07\011F0601.D

Operator :TF Page Number : 1
Instrument PHIL Vial Number : 11
Sample Name 605068-05 W Injection Number: 1
Run Time Bar Code: Sequenceline : 6
Acquiredon  8-May-96 12:08 AM Instrument Method: TPHER.MTH
Report Created 8-May-96 8:33 AM Analysis Method : TPHE.MTH
Sig. 1 in CA\HPCHEM\{\DATAWMAYO07\011F0601.D
Pk# Ret Time Area Height Type Width Area %
1 9.25 431092 922044 MM R 0.008 8.9113
2 10.604 1652537 920193 MMT © 0.03 34.1602
3. 16.281 297035 988274 MM R 0.005 6.1401
4 17.827 2456940 890142 MM T 0.046 50.7884
Totalarea= 4837604
User Modified
SAMPLE QUANTITATION
[Extraction - Initial Wt.(g)/Vol(L).: 1000 Final Volume(mL): 1
Instrument Parameters-
Dilution Fact.: 1 Injectionl Vol (u): 2
Calibration RF: 2487 2 Fbp RF: 4110
Analysis: TPHE Octacosane RF: 4118
“ Integration Results (Area)-
Total: 297035 2FBP: 1652537 Oct: 2456940
Calculation Results-
Concentration(mg/kg or mg/L): 0.080
2Fbp conc (ug/mL in extract): 201.04 2 FBP %: 58%
Octacosane conc (pg/mL in éxtract): 298.32 OCT %: 87%
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Data File Name : C:\HPCHEM\1\DATA\MAY07\012F0601.D
Operator : TF Page Number : 1
Instrument : PHIL ' Vial Number : 12
Sample Name : 605068-06 W Injection Number : 1
Run Time Bar Code: : Sequence Line : 6
Acquired on : 08 May 96 00:47 AM Instrument Method: TPHER.MTH

Report Created on: 08 May 96 09:34 AM Analysis Method : TPHE.MTH
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Data File Nam C:\HPCHEM\1\DATAWAY07\012F0601.D

Operator : TF Page Number : 1

Instrument PHIL Vial Number : 12

Sample Name 605068-06 W Injection Number: 1

Run Time Bar Code: Sequence Lline : 6

Acquiredon  8-May-96 12:47 AM Instrument Method: TPHER.MTH

Report Created 8-May-96 9:34 AM Analysis Method : TPHE.MTH

Sig. 1 in C:\HPCHEM\1\DATAWMAY07\012F0601.D

Pk Ret Time Area Height Type Width Area %

1 9.25 434961 962205 MM R 0.008 9.011
2 10.605 1824602 960405 MMT 0.032 37.7998
3 16.281 211388 842949 MM R 0.004 4.3793
4 17.82 2356058 841901 MM T 0.047 48,8099

Total area = 4827008

User Modified
SAMPLE QUANTITATION
[Extraction - Initial Wt.QNoI(L).: 1000 Final Volume(mL): 1
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (ul): 2
Calibration RF: 3582 o 2 Fbp RF: 4110
Analysis: TPHD Octacosane RF: . 4118
Integration Results (Area)-
Total: 434961 ~ 2FBP: 1824602 Oct: 2356058
Calculation Results-
Concentration(mg/kg or mg/L): 0.061
- 2Fbp conc (pg/mL in extract): 221.97 ‘ 2 FBP %: 65%
Octacosane conc (pg/mL in éxtracl): 286.07 OCT %: 84%
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Data File Nam C:\HPCHEM\1\DATAWMAY07\012F0601.D

Operator : TF Page Number : 1

Instrument PHIL Vial Number : 12

Sample Name 605068-06 W Injection Number: 1

Run Time Bar Code: Sequenceline : 6

Acquired on 8-May-96 12:47 AM instrument Method: TPHER.MTH

Report Created 8-May-96 9:34 AM Analysis Method : TPHE.MTH

Sig. 1 in C:\HPCHEM\1\DATA\MAY07\012F0601.D

Pké# Ret Time Area Height Type Width Area %

1 9.25 434961 962205 MM R 0.008 9.011
2 10.605 1824602 960405 MM T 0.032 37.7998
3 16.281 211388 842949 MM R 0.004 4.3793
4 17.82 2356058 841901 MMT 0.047 48.8099

Total area = 4827008

User Modified
SAMPLE QUANTITATION
{Extraction - Initial Wt.(g)NoI(L).: 1000 Final Volume{mL): 1 |
Instrument Parameters-
Dilution Fact.: 1 Injection Vol (ul): 2
Calibration RF: 2487 _ 2 Fbp RF: 4110
Analysis: TPHE ' Octacosane RF: 4118
- Integration Results {(Area)-
Total: 211388 2FBP:. 1824802 Oct: 2356058
Calculation Results-
Concentration(mg/kg or mg/L): 0.042°
2Fbp conc (ug/mL in extract): 221.97 2 FBP %: 65%
Octacasane conc (pug/mL in‘extract): 286.07 CCT %: 84%
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APPENDIX G

LETTERS FROM

ENVIRONMENTAL PROTECTION AGENCY,
DEPARTMENT OF HEALTH, AND
DEPARTMENT OF ECOLOGY



Alaska

i Region 10
United States . . . ) Ska
= avi Yo (o] T 1200 Sixth Avenuc ca
. Enviranmenial Protection o WA 98101 ca
Ageney V"aSIMI.QKOH

SEPA

August 4, 1994

Reply to
Attn of: HW-114

Lee Olson

Union Pacific Realty

24422 Avinada de la Carlota
Oakbrook Plaza, Suite 360
Laguna Hills, CA 92653

Dear Mr. Olson:

The U.S. Environmental Protection Agency (EPA), through its
contractor, Roy F. Weston, Inc., has completed the non—sampling"
site investigation (SI) of the METRO/Union Station site. A copy

of the report is enclosed.

Based on this SI and other pertinent information, EPA finds
it appropriate to refer to state authority for further
consideration. Accordingly, EPA does not anticipate further
investigation under the Federal Superfund Program. Weston's
conclusions, with which EPA concurs, are outlined on the
conclusions page of this report.

If you have any questions, I can be reached at (206) 553~

2103.
Sincerely,
David Bennett
Site Assessment Manager
Site Evaluation Section
Enclosure

cc: Michael Spencer, Ecology (w/o Enclosure)
Bob Kievit, EPA-WOO (w/o Enclosure)
Mike Gallagher, Ecology-NWRO
Seattle-King County Environmental Health



SECTION 5
CONCLUSIONS

No further actions under the CERCLA program are recommended because the potential threat
to human health and the environmental from the METRO/Union Station site are minimal.
However, should further development of the METRO/Union Station site occur, additional
actons are recommended under the authority of another ageacy. These actions may include
soil and groundwater sampling, removal of contaminated soil, and/or recapping of the
contaminated soil to ensure limited exposure to the existing contamnination.



STATE OF WASHINGTON

DEPARTMENT OF HEALTH

OFFICE OF TOXIC SUBSTANCES ‘ o
Airdustrial Center, Building 4 » P.O. Box 47825 * Olympia, Washington 98504-7825

July 8, 1993

Michael J. Gallagher, Section Manager
Toxics Cleanup Program

Department of Ecology

Northwest Regional Office

3190 160th Avenue SE

Bellevue, Washington 28008-5452

RE: Heaith Investigation-Union Station Site, King County, Seattie, Washington

The Department of Health (DOH) has conducted a health investigation of Union
Station Site, which has been declared a hazardous waste site by the Department of
Ecology. A DOH health investigation is a preliminary assessment of the potential for
a hazardous waste site to affect public health. DOH conciudes that this site does not
present a significant hazard to public health at this time.

This conclusion is based on a site visit and a review of the existing environmental
data. The available information was evaluated regarding the potentially affected
population, possible exposure pathways, types of contaminants, types of
contaminated media, and community concerns.

Although this site has the potential to impact public health, it is not of immediate
concern because of the lack of a current completed human exposure pathway, and
it has a low priority for further investigation by this department. Should further
environmental data indicate that human health is, or soon will be impacted, and/or if
there is increased community concern, a more in depth assessment may be conducted
in the future. _ -

Sincerely,

Milo A. Straus
Public Health Advisor
Hazardous Waste Section

mj C:\milo\frmitrn.w16

I e 16

oy




STATE OF WASHINCTON

DEPARTMENT OF ECOLOGY

- Northwest Regional Office. 3190 - 160th Ave S.E. » Bellevue, Washington 98008-5452 * (206) 649-_7000‘

August 4, 1994

Union Pacific Realty Company
505 Washington Avenue

Suite 17 ’

Kent, WA 98032

Dear Sir or Madam:
Re: Re-ranking of Union Station

This is to inform you that the Department of Ecology
(Ecolegy) has completed its revision of the Washington -
Ranking Method (WARM) ranking matrix, as proposed in the
March 8, 1994 Special Issue of the Site Register. Those
hazardous sites where there is actual, or a high potential
for, drinking water contamination will receive a higher WARM
ranking.

This revisicn has been done in response to legislative
direction that Ecology give higher priority to
actual/potential drinking water contamination. The WARM, as
previously used, did not give thé highest rankings to sites
where groundwater was the only affected pathway. However,
these sites have been noted on Ecology‘’s Hazardous Sites
List as having groundwater as the only affected pathway, and
that Ecology could choose to give them higher priority where
drinking water was affected.

As a result of this matrix revision,.your site, previously
ranked 5, will now rank a 3.: Changes in rankings due to

- this revision will be published in the August 23, 1994
Special Issue of the Site Register.

What does this new ranking mean for you?

o There will be no effect if remedial action (cleanup) is
already underway at your site. The new ranking will
better reflect the priority which Ecology has given
this site.

o For those sites currently awaiting cleanup, an increase
in site ranking will normally result in the site

receiving higher priority, from Ecology in terms of
initiating remedial action.

< ' . (5



Union Pacific Realty Company
Page 2
August 4, 1994

What does an increase in Ecology’s priority mean for you?

o

Ecology has been directed by the Legislature to ensure
that those sites currently being worked on are of the
highest priority in terms of all sites known by the
department. Priority for initiating cleanup is set by
the WARM ranking, alcong with consideration of many
other site~specific factors.

~ An increase in your site’s priority normally will mean

that it has moved up the list of those sites awaiting
cleanup, and that it will receive.increased attention
from the department in seeing that this cleanup does
occur.

Ecology prefers, and encourages, cleanups initiated by
those owners/operators responsible for the
contamination. This can be accomplished through
cleanups totally independent of Ecology
approval/oversight (independent cleanups), or .through
formal negotiated agreements, with Ecology oversight,
such as consent decrees or agreed orders.

Where cleanup actions cannot be achieved expeditiously
through the above, an Ecology-initiated administrative
order (enforcement order) will be issued, requiring
cleanup activities by the responsible party without a
negotiated agreement. R

Please call me at (206) 649-7054 if you have any questions
about the above described options for initiating cleanup of
you site. Please call Michael Spence at (206) 407-7195 if
you have any questions/comments  about your site ranking
change.

Sincerely,

Wpohadd Jolt fo.

. Michael Gallagher, -
NWRO Section Manage
Toxics Cleanup Program

MS:mg:ip
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APPENDIX H
SUPPLEMENTAL INFORMATION
FROM PREVIOUS REPORTS

The RI utilized various historical chemical data from previous site investigations to
evaluate the chemical distribution of constituents at the Union Station property. Selected
geological and hydrogeologic information were also used in this evaluation. Descriptions and
summaries of the subsurface conditions (stratigraphy and fill descriptions) at the property are

fairly consistent throughout the reports.

In addition to the chemical data that were obtained from the following documents and

utilized for this RI, additional information that were utilized in the RI include:

. Hart Crowser, 1986. Soil and Groundwater Quality Analyses and Preliminary
Hydrogeologic Assessment, Proposed Union Station Development Site, Seattle,

Washington.

Chemical and soil quality data were utilized from this report as well as general

conclusions that were presented to summarize soil quality.

. Hart Crowser, 1987a. Results of Chemical Analysis of Soil Samples, Union
Station North Development, Seattle, Washington.

Chemical data and extraction procedure toxicity (EP Tox) data were utilized from this
report. The EP Tox data supported conclusions that the subject soils would not be classified as

dangerous wastes.

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

H-1
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Various chemical and geotechnical data were used from this report, primarily results from

the three boring Jocations associated with this report.

° Hart Crowser, 1987c. Geotechnical and Environmental Site Feasibility
Assessment, Proposed King Street Station Project, Seattle, Washington.

Chemical data were the only data used from this report.

o Hart Crowser, 1993. Supplemental Soil and Ground water Quality Assessment.
Glacier Park Company Property, King Street Station, Seattle, Washington.

Chemical/geological data and groundwater occurrence were the only data used from this

report.

. Hart Crowser, 1994. Summary Report Environmental and Geotechnical
Engineering Issues, Union Station Property, Seattle, Washington.

This report provided summaries of historical and recent developments at the Union
Station Property as well as the summaries of subsurface conditions and other environmental

1ssues.

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

Results. Metro Downtown Seattle Transit Project.

Chemical data and various subsurface field descriptions and conclusions were used from
this report. Specifically, the discussion of soil quality associated with the fill material were

presented.
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° Shannon & Wilson, 1986b. Geotechnical Report and Aquifer Testing and
Dewatering Requirements South Tunnel Portal and International District Station.

~ Metro Downtown Seattle Transit Project.

Chemical data and subsurface exploration descriptions were used from this report.
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PREVIOUS EXPLORATION LOGS
USED TO GENERATE CROSS SECTIONS



Boring Log HC-7

S0IlL. DESCRIPTIONS . STANDARD PENETRATION LAB
D! th ’ RESISTANCE TESTS
6round Surface Elevation in Feat 9 (City Datum) Feet Sample A Blows per Fooltn - - »
Medium stiff, wet, gray, slightly K [ TTTT
sandy, clayey SILT with occasional .
gravel. (FILL) - - _
[ S-tz B A . ~oH
T8
Loose, wet, gray to dark gray, : i
slightly grnveny. silty SAND, B
(FILL) - s-zEZ - ) Lo
o ‘ - t
T 10
L s
. : \
B s-sZ i Al - oH
-+ 15 / ‘
- "
- =
i 5'4Z i 4{ ~oH
-+ 20
Very soft. wet, gray to dark gray, 5
sandy SILT with shell and occasional [~
wood fragments. - -
~ s—sz - e
L L 7
+ 25
i S'BZ [~ 4 »
<+ 30
i 7). [ AL *
4 a5 ™~
Loose to medium dense, wet, gray N
very silty, fine SAND with shell and - '
pccasional wood fragments. - - \
B s-az B 0\>
-+ 40 //
[ I 1/
8 s-sz [~ ‘{’
L L \
+ 45 \
[~ s-mZ T 6/‘
<+ 50 /1
B s-uZ - q
Medium stiff to stiff, wet, gray i i
CLAY with zones of peat. TS5
- Peat, - -
- Peat. B §-12 Z]g B ]
- 60 10 % a9
® WHater Content in Percent
J-1636-02 December 1986

HART-CROWSER & associates, inc.
Sheet 1 of 3 Figure A-8




Boring Log HC-7

SOIL DESCRIPTIONS STANDARD PENETRATIDN LAB
. Depth RESISTANCE TESTS
Ground Surface Elevstion in Fest S (City Dawm) in E;at Sanple ABlows per Foot e we )
Medium stiff to stiff, wet, gray = L - i .
CLAY. - L 5
B s-ssz [~ ‘{ et AL .
4 65 i I
Stiff to very stiff, wet, gray, |
sandy, clayey SILT with occasional i
shell fragments, - L
3 s—uz i X
5 s
<+ 70
A i /
B s—:sZ - L
+ 75 \‘-
Very danse, wat, gray, slightly - - \\
clayey. s1lty. Bandy GRAVEL L i M
R s-160= | [th =2,
- ﬂ 5
B 3 1
T &0 A
A i /1
=3 Ah
[very stiff, wet. gray. sandy clayey 5"7235
SILT. [ e - \
i 1 \\
= o .\\
- s-18[x] [ a0
Yery dense. wet, gray. silty, B
gravelly SAND. (Heaving) r 2 B
i - i S50
L s~1a58 L S-S
4 95
Hard, wet, gray. clayey SILT. i ;
i s-20 ZJ“ )
Very dense, wet, silty, gravelly - 8L
SAND. (Heaving) <+ $00 . \
F p= \
. R ‘
i bl s-asX [
~+ 105
- ==X f . =,
+ 110 ‘
I I ,
- s-23 = 50 L
Z ;g &S
- L
T 115
s 5
R
! 2= [ € ;
i i
-- 120 ) ] U-'L,-JI
® Weter Content in Percent . o
J-1636-02 December 1986

HART—-CROWSER & associates.in;.
Sheet 2 of 3 Figure A-8 !

[




Boring Log'HC—7

IL DESCRIPTIONS STANDARD PENETRATION LAB
SQ i Dapth . RESISTANCE TESTS
&round Surface Elsvation in Fest 9 (City Datum) 1in z;;t Sample A Blows per Foot e

- R .

VEPNB dense, wet, silty, gravelly -

sA . - L su

S-25=x A=
- Drilling becomas very hard and rough. | - 4
+ 128
- = 50
5-26— ' . =,
Bottom of Boring at 127.5 Feet. - o [}
Completed 12/2/86. - 2
-+ 4130
- -
L L
T 135
- L
L L
r =
-+ 140
3 R
3 b
-+ 1458
[ o
S L
L L
'- -
- 455
L L
L L
=3 o
== 460
-L 4165 ‘
. L
: |
-+ 170
L i
-+ 473
- B .
’ [ ||
-~ 180 " W= )
) @ Water Content in Percent
1. Raf to F1 A-1 1 t1 fa ipti - -
2 gg‘.‘l::%ﬁ:g?:::m lnuo:t:::u:n:tn:: :rn ::::rpr-e:::u J 1535 02 December 1986
° and actual ghlngu may ba gradual. s HART-CROWSER & associates, inc.
3. Ground water lsvel, Af indicated, is at time of drilling .
(ATD) or for date specified, Level may vary with tima, Sheet 3 of 3 Figure A-8

*+ No sample taken due to heaving sands in auger.



Boring Log HC—8

SOIL DESCRIPTIONS

Sround Surfsce Elevation in Fest B.5 (Clty Datum)

clavey SILT with wood fragments.
(FILL

- Bacomes brown.

very soft to soft, wet, gray, sandy,

—

very soft, wet, brown. slightly
sandy, clayey SILT.

Medium dense to very dense, wet,
gray, very gravelly SAND.

Very dense, wet. gray. silty,
gravelly SAND.

Dapth

in Foet

-

L
Ty 177 L]

L]

L L L) L) T L]

1
T U & 1

L

1 1 1171

10

40

STANDARD PENETRATION

AESISTANCE

Samplae ABlows par F“.E

% £

i N
L \\.
. \\
N
o | =,
L
s—eZ B
s-:oz ) '_' ,;%_
§-11X - A2
s-12[% - 4 -0
[ (M3 ] -'JJJ-
® Water Content in Percant
J-1636-02 December

LAB

TESTS

= pH

1986

HART-CROWSER & assocociates, inc.

Sheet 4 of 2

Figure A-9



Boring Log HC-8

SDIL. DESCRIPTIONS ' ggé?g#nchENETHATIDN %égTs
. . : Al
t
8round Surface Elevation in Foet B.5 (City Datum) ?.l'.\pF::ct Saapla ABlows par Foot
- BO 9 0 !;l-,..-l"
very dense, wet, gray, silty, i .
gravelly SAND. . B .
5 s-1a] | \ Jl's—g.
<+ ES
Very denss, wet, gray, fine to
medium SAND. i i
. s-14iX] | 422,
- B 5
<+ 70
B s-zsz - ° A%_
- 75
" s-1654 | d JLQ.
Bottom of Boring at 78.2 Feet, L L 2
Completed 12/3/86. 1
L L
- -
-
o o
<+ 20
L L
L L
- . -
+ 95
- L
L |
<+ 100
T 105
}. b
<+ 110
- 2
-r 1138
r- -
== 120 10 ] “ﬁd“én
@ Water Content in Percent
; E:::ytn f:ﬂ::l A=1 for lxnlln:t:an of cescriptions d_isas_oe DECEIT]bEI" 1985
. oas o strat 1 . .
and mctus] Ghanges Day be gradusT.. | Lneersretive HART-CROWSER & associates, inc.

3. &round watar level, Af inaicoted. is at t3 f
(ATD) or tor dggg -pocsf;‘ad“L:vul :u; v-r'y“nfthdc"::mn Sheet 2 of 2 Figur‘e A—9
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Boring Log B—119

SOIL DESCl;-lIPTIDNS ] STANDARD PENETRATION LAB

Dapth 3 RESISTANCE TESTS
round Burtace Elevation in Fest 5.9 in gn§ Sampls  ABlows per Foot
Very loose to loose, wet. pray, [ 8 NRN f 1
tlean to silty. medium to. fine SAND :
viitnnsggtbnrad gravel. -
SA 5 L
L % =X [ A
<+ B /
o o V
i S‘EX i J( »? -es
- 20
i 1\
o =
s-sz N; ¢® ]
+ 15
Loose, wet, gray, silty SAND i s
interspersed with soft, clayey SILT. : )
(CLAY/SAND FILL) - N
- HZ e FS [ ] =88
= 20
B HZ B A [ ]
Soft to medium stiff, wet. gray-brown, - 1
clayay SILT with scattered shell and | o ox :
wood fragments. i !
(SILT I) 3
L L
- s-a|\ | P[ /
/
T % s-7 ye =i 0N AL
L 5 'y
B s-eS Pl \\
Very dense, wet, gray, slightly i i h
clsyey, sliphtly grsvelly, very T8 s-eZ L X 65
Heilty SAND. (SAND I) nr o /V
Loose, wet, gray. slightly silty, d - 1
medium to coarse SAND with scattered L ‘ L
shell fragments. i §-10 [ 4 »
Hard, wet, gray—-graen. finhe sandy
SILT with tnin interbads of silty, T 40 A
fine SAND. o 5
{Hard SILT) 1 s
3 s-uZ L ;\
o 45 t
s L
i s-saz i e ||l 65
| : : |
- 50
Very densa, wet, gray-presn, silty, .
medium to fine SAND. 3 "
(Dense SAND) - N -
B : Q s-ag B A
R ! °
= N}
L N N -
NN -
- 4.5 test of heave st 57.5 feet. N N
- N N s-uz § -55
L N N L 4
I J
«- 80 - " S ()
® Water Content in Porcant
J=712-50 November 1985
' HART-CROWSER & associates, inc.
Lank o . . Sheet 41 of 2 Figure A-16
-
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Boring Log B—14iS

SOIL DESCRIPTIONS

Dapth
ground Surfsce Elavation in Fest 9.9 in :;nt
Very dense, wat, gray-green, silty, i N R
madium to fine SAND . g ;
-g.edmfaesé@} heave at 62.5 feat, L

-+ BS
Verz dense, wet, gray, slightly :
gilty to silty, fine to medium SAND
with scattersed fine gravel. -

+ 70

-

9

r

<+ 75
- 4.0 foot of heave at 77.5 fest. [
- Gravelly SAND o

-+ 80
- 4.0 foot of heave ot 82.5 fest. i
Bottom of Boring at 83.4 Faat.- -
Completsd 44/5/85. - BB

- B0

L

-1 95

-+ 100

L

- 105

=+ 110

-+ 815

r.

- 420

1. Retsr to Figurs A=i for axplanstioh of un:rspnum
and symbols

2. Soil n--craptannl snd stratus nn-l ars interprative

and actusl.changes ssy bs gradus

3. Bround wster lsvel. if ind :ltlﬂ ‘i3 at tims of nrunng

{ATD) or for date spacifisd. Lavel may vary with tiaa.

STANDARD PENETRATION
RESISTANCE
Sample ABlows par an& - -
T
B-SSZ B [}
- a5
Hsz - ) ‘L'ﬁ-
8-172 : ) I8 %.
8-1!& B 9 il
s19i< + L L "'Lg-
L
L
r
).
o
-
. e

J-712-50

7] -
©® Water Content in Percent

November

LAB

TESTS

1885

HART—-CROWSER & associstes, inc.
Figure A-16

Sheet 2 of 2
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T Boring Log B—120

E I SOIL DESCRIPTIONS STANDARD PENETRATION LAB
: Dapth : RESISTANCE TEETS
Ground Surfacea Elavation in Feet 10,7 in Femt Sample A Blows ‘per Foot -
- K -0 —
‘ Tr' Var-; soft to soft, wet, gray, clasyey i i ] T (
I SILT interspersed with loose., wet,
gray. slightly ailty to silty, fine o -
to medium SAND with scattered gravel.| i 5“2 L >
. (CLAY/SAND FILL} i | A
L F lg
- o

= 40
- L
- -3 e -GS
3 X &
- .
L R \
L 5 \\
. 5-4 XJSL \)‘ * L | -85
- 20 %
i - %
I LV
i S-5§ F_ /
T= 5-6 Jfl
i 3 il
5—7§ Pt \ [ ] ..';33

T
gl

Very soft to soft, waet, gray-brown,

[l
T 1T 1T 1T 1 17T

tlayey SILT with scattered shell 30 s-az 'y AL
fragments and organics. -
(SILT I) R I pP<.25
s=l\[ e[ |/ Rt e
L 1)
T
T3 5-10 yuy
- - \\\N
L S-14 X]a' ?N ]
Medium dense, wet. gray. sandy - = \
GRAVEL. [SAND I) , I \
Herd, moist toc wet. gray to tan, i i )
sandy SILT with interbeds of silty, B [
fine SAND. (SILT II) - .s-:zz - . >.,
. o [~ 1/
T 45 -
Loose tao medium dense, wet, gray- %
green, gravelly, silty fine SAND 8 -
With zones of fine sandy SILT. -~ o
(SILT II) L L .
.5 teet of heave at 47.5 feet. i 5-13 i ®
. ‘ L s
- 2.0 feet of heave at 52.5 fest. [ i
- - 5.142 o ® -GS
—4 85
Very dense, wet, gray, slightly [ i N
silty to silty, fine to medium SAND. B B N
(Denaa SAND) o S—isz B * \’h

-~ 80 L L,

[ ") [ [ ] [*
® Water Content in Percent

J-712-50 November 198¢
HART-CHOWSER & associates, inc
Sheet 1 of 2 Figure A-17
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Bdring Log B—120

SOIL DESCRIPTIDNS - STANDARD PENETRATION LAB
, Dapth RESISTANCE TESTE
=N 'ﬁ ground Surface Elsvation in Fest 10.7 in Fest - Sanple ABlows per Foot
Ty - B0 [LI— m e —
. ) Verz dense, wet, gray, 8lightly ' ’
R silty to silty, fine to medium SAND. * ™
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APPENDIX I

HUMAN HEALTH RISK EVALUATION
FOR FUTURE EXPOSURE CONDITIONS

This section presents the results of a streamlined risk assessment for conditions during and
after remediation of the Union Station property. The purpose of this risk assessment is to
demonstrate that the selected cleanup action and planned development of the property will not
likely increase human health and environmental risks associated with identified indicator
hazardous substances (IHSs) in property environmental media. This demonstration is made based
on estimates of potential future risk associated with the IHSs and focuses on potential short-term
exposures that could occur during remediation and commercial redevelopment of the property,
as well as potential long-term exposures occurring once property redevelopment is complete. Risk
estimates for the potential short-term exposures that may occur during remediation and
construction will be used to evaluate the level of protection required during these activities. If any
long-term risks exceed acceptable risk levels as outlined in Ecology (1996), cleanup actions
designed to mitigate these risks may be needed. A review of information for existing exposure
conditions at the property was conducted in the RI portion of this document and will not be
addressed as part of this assessment. However, information from the RI portion of this document
pertinent to evaluating potential future property exposures and risks is used in this assessment,

Exposure risks at the Union Station property have been addressed by EPA (1994) and
Ecology (1989). The conclusions of the two studies were similar and are characterized by EPA's
contractor; Roy F. Weston, as "no further actions under the CERCLA program are recommended
because the potential threat to human health and the environment from the METRO/Union Station
site are minimal." EPA and Ecology documents are included in Appendix B of this FS for
information.

The standard risk assessment process was followed, using exposure assumptions and risk
guidelines provided in Ecology (1996, 1993). If MTCA assumptions are not appropriate for the
exposure ‘scenario evaluated, EPA guidelines and property-specific information are used to
estimate risks (e.g., for short-term conditions such as for a cqnstruction worker). This assessment

is organized according to the four major steps typical to risk assessment: step 1 identifies

06/26/96 1:273\008\012\FS.API I-1 LANDAU ASSOCIATES, INC.



is organized according to the four major steps typical to risk assessment: step 1 identifies
appropriate property data for the assessment, identifies IHSs, and evaluates data useability for risk
calculations. Most of the information presented in this section will rely on evaluations provided
in the RI portion of this document. The exposure assessment presented in step 2 will identify
potentially exposed human receptors, and identify and evaluate potential exposure pathways under
future exposure conditions. Step 3 will summarize the toxicity information for the IHSs provided
in the RI portion of this document. The results of the exposure and toxicity assessments (steps

2 and 3) will be combined to characterize potential future risks to human receptors in step 4.

IDENTIFICATION OF IHSs (STEP 1)

A review and summary of environmental investigations conducted at the property are
presented in the RI portion of this document. As discussed previously, several metals,
semivolatiles, some volatiles, and TPH were detected in soil and groundwater sampies collected
both on-property and off-property. To streamline the number of chemicals addressed in this
assessment, soil and groundwater quality data for detected compounds were screened based on
MTCA Method B standards. Soil quality data screening is limited to on-property soil samples
- collected less than 15 ft below ground surface (BGS) because of the nature of potential exposures
quantified below. Groundwater quality data screening is limited to the data from the 1996
sampling event because of the higher detection levels and lower quality of the data from previous
investigations. However, because cyanide was not sampled in 1996 and exceeded criteria in
earlier investigations, the previous data for this compound was used. Chemicals are designated
as IHSs and carried forward in the assessment if their maximum concentrations exceed the
standards. For the purposes of this risk evaluation, Method B soil standards based on direct
contact are used to screen for IHSs in soil. Because there are no Method B soil standards for
TPH, Method A soil standards were used in this screening. The Method B surface water
standards described in the cleanup standards section are used to screen for IHSs in groundwater
(as discussed below the only groundwater pathway of concern is migration of chemicals to Elliott
Bay surface water). Consistent with MTCA regulations (WAC 173-340-708) (Ecology 1996), the

purpose of the screening process is to focus on chemicals that are property-related and are likely
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to contribute the most risk. Tables I-1 and I-2 present the screening of detected compounds for
soil and groundwater, respectively. The following substances have concentrations exceeding at
least one of the screening levels: cyanide, arsenic, beryllium, lead, TPH-diesel, TPH-gasoline,

carcinogenic PAH. Table I-3 summarizes the IHSs by media based on the screening.

EXPOSURE ASSESSMENT (STEP 2)

The objective of this exposure assessment is to identify the type and estimate the magnitude
of exposures to IHSs that could be present at or migrate from the Union Station property during
and after remediation and redevelopment. The type of exposure .is represented by complete
exposure pathways, which describes the mechanism through which a chemical released from the
source reaches a receptor. For a complete exposure pathway to exist, several elements must be
present: a contaminated environmental medium, a receptor, a point of contact with the
contaminated medium, and a feasible route of exposure (e.g., ingestion) at the point of contact.
Figure I-1 graphically presents a property conceptual exposure model, designed to help identify

contaminant sources and migration potential, as well as potential exposure routes and receptors.

IDENTIFICA’I_‘ION OF POTENTIALLY EXPOSED POPULATIONS AND EXPOSURE PATHWAYS
Future Land Use

Planned redevelopment and land use of the property, as well as information provided in
the RI portion of this document was considered when identifying potentially exposed populations
_ and exposure pathways existing en-propeny during and after property remediation and
construction. Adjacent land uses and zoning information was evaluated to identify exposures
pathways for IHSs potentially migrating off-property. The property is zoned international district
mixed and allows commercial development such as the planned office development.

In the immediate future, femediation and construction related activities will occur on-
property as part of the redevelopment of the Unioﬁ Station property. Once developed, the
property will consist of several commercial buildings, including business offices, retail stores, and
other commercial businesses. The entire property will be covered with buildings or pavement.

The ground level (often referred to as the track level) will be used for underground parking and
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The use of the area surrounding the property includes residential/hotel, commercial and
light industrial business, and transportation industry. Comprehensive land use plans prepared by
the City of Seattle indicate that this use will continue into the future. The area immediately
adjacent to the property consists of industrial and commercial businesses with workers working
both indoors and outdoors. Businesses within 200 ft of the property include the King Street
Amtrak station and Uwajimaya grocery store. Multifamily residential hotels exist adjacent to the
north and central parcels. Elliott Bay is located 2,000 ft away. The area located on the bay and
closest to the property consists of commercial and industrial businesses, Coast Guard vessel
berthing, container terminals, and piers. Fishing from the piers could occur.

Groundwater on-property and off-property is not currently used as a drinking water supply
or for industrial processes. Businesses and residents in the vicinity of the property obtain drinking
water from the City of Seattle Water Department. No potable or nonpotable groundwater
resource development is planned at the property. This scenario is expected to continue into the

future.

Exposure Populations and Short-Term Pathways During Construction

As indicated above, implementation of a cleanup action for soil and groundwater will occur
on-property as part of the redevelopment of the property. Construction at the property will
consist of several activities in which exposure could occur. These activities include intrusive
activities for foundation construction, selectively removing some contaminated soil during building
construction, paving, and selectively dewatering of groundwater where it is very shallow and is
exposed during excavation. During these activities, workers participating in remediation and
construction could be potentially exposed to constituents in surface soil, subsurface soil, and
groundwater through the following exposure pathways:

» Ingestion of and dermal contact with surface and subsurface soil
e Inhalation of airborne soil particulates

* Dermal contact with exposed groundwater.
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Inhalation of constituents in exposed groundwater is expected to be insignificant because of the
low volatility of the identified IHSs in groundwater (i.e., metals, TPH, and PAH). Thergfore,
this pathway is not evaluated further.

Off-property, workers at adjacent commercial and industrial businesses and residents in
nearby residential areas could be potentially exposed to constituents in soil particulates becoming
airborne during excavation and removal of soil. Dermal or ingestion direct contact with the soil
or exposed groundwater is not expected to occur because of restricted access to the property
during redevelopment activities. These populations could be exposed via inhalation of airborne
soil particulates.

Once the property is redeveloped, exposure pathways associated with construction
workers, commercial workers, and nearby residents will no longer exist (i.e., will be incomplete

because of the absence of one or more elements required to have a complete pathway).

Populations and Pathways After Development

Once redeveloped, the property will be covered with pavement or buildings; thus, no
surface soil will be exposed and no receptors will come in contact with residual contaminants in
the soil. As a result, there will be no exposure pathways for long-term exposure to on-property
soil after property remediation and construction. Similarly, because the groundwater below the
property and in the vicinity of the property is not likely to be used as a water supply due to the
availability of a viable water source from the city, no long-term exposure pathways are associated
with direct contact with the groundwater, Contaminants may leach from soil into groundwater
and migrate to Elliott Bay surface water. If this occurs, the only potential human exposure
pathway that may exist long-term after redevelopment of the property is recreational fishing in
the portion of Elliott Bay near the property. Direct contact with marine surface water along the
downtown Seattle shoreline is expected to be minimal because Puget Sound water is not consumed
and recreational in-water activities are limited due to access and low temperature of the water.
Similarly, uptake of IHSs through skin is expected to be minimal because of the limited exposure

time to the surface water.
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Exposure Scenario Summary

Based on the information presented above, the following exposure scenarios are addressed

in this assessment:

On-property remediation/construction workers potentially exposed short-term to
constituents in soil via ingestion, dermal contact, and inhalation of particulates.

On-property remediation/construction workers potentially exposed short-term to
constituents in exposed shallow groundwater via dermal contact.

Off-property commercial/industrial workers potentially exposed during short-term on-
property remediation and construction to constituents in soil via inhalation of airborne
particulates,

Nearby residents potentially exposed during on-property remediation and construction
to constituents in soil via inhalation of airborne particulates.

Individuals consuming organisms from the marine environment such as recreational
fishing in Elliott Bay near the property potentially exposed long-term to constituents
via consumption of contaminated fish. :

QUANTIFICATION OF EXPOSURE

As described in the RI portion of this document, quantification of exposure involves

estimating exposure point concenirations and the magnitude of exposure or intake for each

receptor.

Intakes associated with the on-property remediation/construction worker exposure

scenario are not quantified because exposures are anticipated to be addressed through activities

and precautions identified in a health and safety plan. Although residents and commercial workers

are both identified as potentially exposed populations during property remediation and

construction, exposures associated with only the residential population are quantified because

exposures to commercial workers will be less due to the lower exposure time. The following

sections describe quantification of exposure for the following exposure pathways:

Nearby residents potentially exposed during on-property construction to constituents
in soil via inhalation of airborne particulates.

Individuals potentially exposed long-term to constituents via consumption of -
contaminated fish caught during recreational fishing in Elliott Bay near the property.
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Tables 14 and I-5 present the standard MTCA exposure algorithms and exposure terms,
rearranged to yield risk estimates corresponding to specified exposure point concentrations (C)
of contaminants. Table I-6 summarizes the exposure parameter values assumed for the residential
and recreational fishing exposure pathways These variables were obtained from the MTCA
regulations for Method B or, when MTCA assumptions are not available, EPA guidance (EPA
1991, 1995). The only exposure parameter that is not an Ecology default is the residential
exposure duration. The 2-year exposure duration presented in the table represents an assumed
time duration of property remediation and construction involving activities that disturb soil and
result in airborne particulates. This value is considered more appropriate in this case than the
typical 30 year exposure duration.

Table I-7 presents the air and surface water exposure point concentrations. For surface
water, it was assumed that the exposure point concentration is the groundwater concentration at
the point of discharge. Because of the high number of nondetects, maximum concentrations were
used for the THSs, per MTCA guidance (Ecology 1993). Only data for on-property monitoring
wells were included in this evaluation. Air exposure point concentrations were derived using
TSCREEN air modeling (EPA 1992) and on-property soil concentrations in samples collected in
less than 15 ft BGS (due to the limited depth of excavation expected). Table I-8 presents the
assumptions used in the TSCREEN model. As a preliminary assessment, maximum soil
concentrations were used. If the resulting risk estimates were greater than Ecology's acceptable
risk level (1x109), then the 95 percent upper confidence limit would be used. However, as
discussed below, the risk estimate is below the target level. Thus, calculations were performed
using maximum soil concentrations.

The exposure parameters, together with the exposure point concentrations, are used in the
exposure algorithms to generate short-term (residential exposure) or long-term (recreational
fishing) intakes, which are then combined with the toxicity factors described below to estimate

risks corresponding to specific exposure conditions.
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TOXICITY ASSESS_M:ENT

Toxicity factors numerically describe a chemical's toxicity or carcinogenic potency. Fof
carcinogenic healfh effects, carcinogenic slope factors (CSFs) are used to estimate the incremental
lifetime risk of developing cancer corresponding to specified exposure concentrations. Reference
doses (RfDs) are the toxicity factors used to describe the level below which significant
noncarcinogenic adverse health effects are not likely to occur. For carcinogenic compounds,
intakes are multiplied by CSFs to produce risk estimates, while for noncarcinogenic compounds,
intakes are divided by RfDs. Table I-9 summarizes the toxicity factors and related toxicity

information for each chemical evaluated in this assessment.

RISK ESTIMATES

Table I-10 presents the risks estimated for each exposure pathway and total risks for each
exposure scenario. The estimated cancer risk for residential inhalation of airborne particulates
during property remediation and construction based on maximum soil concentrations of IHSs
(9x107) is below the MTCA Method B acceptable risk level for residential exposures (1x10‘65.
The estimated cancer risk associated with consumption of recreational caught fish in Elliott Bay
is 9x10° due to arsenic. Although this estimate exceeds the 1x10¢ acceptable risk level, it is
considered an overestimate because no dilution or attenuation during groundwater migration to
surface water was considered. Inclusion of these factors would likely significantly reduce the
concentrations migrating to surface water, and thus, would significantly reduce the calculated risk.
In addition, arsenic concentrations in the two upgradient wells sampled during 1996 are higher
than the concentration from the downgradient well used in the risk calculations. Thus, risks
associated with upgradient groundwater is higher than the risk associated with the downgradient
groundwater. Noncancer risks for both exposure pathways are well below the MTCA acceptable

hazard index of 1. }

SUMMARY
Based on the results of the risk evaluation for the Union Station property, the proposed

cleanup measures and planned development of the property will not likely increase human health
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residential exposures during property remediation and redevelopment yielded risk estimates
corresponding to maximum detected soil concentrations that are below the MTCA acceptable risk
level. Thus, no additional precautions are necessary to protect nearby residents or commercial
workers from short-term exposure to airborne particillates generated from on-property activities.

The calculated cancer risk estimate associated with the fish consumption pathway exceeds
the MTCA target risk level. The calculated value is interpreted to overestimate the actual risk
because dilution and attenuation of chemicals migrating in groundwater, over the approximately
2,000 ft to surface water, were not incorporated into risk calculations. Inclusion of these factors
is likely reduce the risk estimate to or below the acceptable risk level. In addition, arsenic
concentrations in the two upgradient wells sampled during 1996 are higher than the concentration
from the downgradient well used in the risk calculations. Thus, risks associated with upgradient
groundwater is higher than the risk associated with the downgradient groundwater. The total

noncancer risk associated with this pathway is below the acceptable hazard index of 1.
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TABLE I-1

SCREENING FOR PROPERTY SOIL INDICATOR HAZARDOUS SUBSTANCES

Detected Compound in Method B Direct

Samples Less Than 15 ft in Maximum Detected Contact Soil Standard Does Exceedance
Depth - Concentration (mg/kg) (mg/kg)® Occur?
Total Metals

Arsenic 110 1.67 Yes
Beryllium 2.2 0.233 Yes
Cadmium 2.3 80 No
Chromium (VI) 62 400 No
Copper 96 2,960 No
Lead 290 250® Yes
Mercury 0.8 24 No
Nickel 72 1,600 No
Sitver 0.7 400 No
Zinc 1,100 24,000 No
TPH

Diesel 145,000 200® Yes
Volatiles

Acetone 0.03 8,000 No
Semivolatiles :

2-methlynaphthalene 150 NA -
Acenaphthene 100 4,800 No
Acenaphthylene 55 NA -
Anthracene 84 : 24,000 No
Benzo(a)anthracene 43 0.137 Yes
Benzo(a)pyrene 4] 0.137 Yes
Benzo(b)fluoranthene 3 0.137 Yes
Benzo(g,h,i)perylene 17 NA -
Benzo(k)fluoranthene 3 0.137 Yes
Bis(2-ethylhexyl)phthalate 11 71.4 No
Butylbenzylphthalate 0.1 16,000 No
Chrysene 36 0.137 Yes
Di-n-octylphthalate 1.3 1,600 No
Dibenz(a,h)anthracene 5 0.137 Yes
Dibenzofuran 13 NA -~
Fluoranthene 100 - 3,200 No
Fluorene 84 3,200 No
Indeno(1,2,3-cd)pyrene 18 0.137 Yes
Naphthalene 150 3,200 No
Phenanthrene 250 NA : -
Pyrene 93 2,400 No

-- = Not available.
(a) Source: MTCA cleanup levels and risk calculations update (February 1996).

(b) Method A table cleanup level (Ecology 1996).

06£25/96 JA273\00B\0IZTABLE.1-1 LANDAU ASSOCIATES, INC.



TABLE I-2

SCREENING FOR GROUNDWATER INDICATOR HAZARDOUS SUBSTANCES

Method B Surface
Detected Compound in May 1996 Maximum Detected Water Cleanup Does Exceedance
Samples Concentration (mg/L) Level® (mg/L) QOccur?
Conventionals
Cyanide® : 0.047 0.001 Yes
Total Metals
Arsenic 0.0091 0.00014 Yes
Nickel 0.0058 0.0079 No
Zinc 0.022 0.0766 No
TPH
Diesel 2.5 NA® No®
Gasoline 3.6 NA® No®
Volatiles
1,2,4-Trimethylbenzene 0.018 NA --
1,2,5-Trimethylbenzene 0.0074 NA ' --
Benzene 0.037 0.071 No
Isopropylbenzene 0.0065 NA --
P-Isopropyltoluene 0.0056 NA -
Total Xylene 0.064 NA -
Ethylbenzene 0.077 6.91 No
Toluene 0.0077 48.5 No
Semivolatiles
Acenaphthene 0.06 0.643 No
Acenaphthylene 0.016 NA -
Anthracene 0.0028 25.9 ~ No
Fluoranthene ; 0.0026 0.0902 ) No
Fluorene 0.02 3.46 No
Naphthalene 0.53 9.88 No
Phenanthrene 0.024 NA -
Pyrene 0.0023 2.59 No
- = Not applicable.

NA = Surface water protection cleanup level not available.

(a) Source: MTCA cleanup levels and risk calculations update (February 1996).

(b) Cyanide was not analyzed in 1996; therefore, the maximum detected concentration presented in
this table represents 1986 data.

© No surface water cleanup level for TPH available; for information purposes, the Method A
groundwater cleanup level for TPH is 1 mg/L.
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TABLE I-3

SUMMARY OF INDICATOR HAZARDOUS SUBSTANCES BY MEDIA OF CONCERN

Indicator Hazardous Substance _ Soil Groundwater

Conventionals

Cyanide X

Metals

Arsenic X X
Beryllium X

Lead X

TPH
Diesel X

Semivolatiles
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Dibenzo(a,h)anthracene

Indeno(1,2,3-cd)pyrene

PEPE 4 M M M e

Chrysene
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TABLE I-4

METHOD B RESIDENTIAL AMBIENT AIR EXPOSURE ALGORITHMS

For carcinogens:

Cancer risk = C x BR x ABS x DUR x CPF
BW x LIFE x UCF
For noncarcinogens:
, C x BR x ABS
Hazard tient = |—— | / R
aard Quotien [ BW x UCF ] /D

where:
C = Chemical concentration in airborne particulates contacted over the exposure
period (ug/m3)
BR = Breathing rate (m*/day)
ABS = Absorption percentage (unitless)
DUR = Duration of exposure (years)
BW = Body weight (kg)
LIFE = Lifetime (years)
UCF = Conversion factor (ug/mg)
CPF = Inhalation cancer potency factor (kg-day/mg)
RfD = Inhalation reference dose (mg/kg-day)
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TABLE I-5

METHOD B SURFACE WATER EXPOSURE ALGORITHMS

For carcinogens:

Cancer risk = C x BCF x FCR x FDF x DUR x CPF
BW x LIFE x UCF! x UCF2
For noncarcinogens:
Hazard Quotient = C x BCF x FCR x FDF ! RfD
BW x UCFI x UCF2

where:
C = Chemical concentration in surface water contacted over the exposure period
(ug/L)
BCF = Fish bioconcentration factor (unitless)
FCR = Fish consumption rate (g/day)
FDF = Diet fraction (unitless)
DUR = Duration of exposure (years)
BW = Body weight (kg)
LIFE = Lifetime (years)
UCF1 = Conversion factor (ug/mg)
UCEF2 = Conversation factor (g/L)
CPF = Inhalation cancer potency factor (kg-day/mg)
RfD = Inhalation reference dose (mg/kg-day)
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TABLE I-6

SUMMARY OF EXPOSURE ASSUMPTIONS

Exposure Scenario

Nearby Residential During Site Recreational Fishing
Exposure Pathway/Exposure Remediation/Construction (short-  After Site Development
Parameter _ term exposure) (long-term exposure)

Airborne Particulate Exposure Pathway

Inhalation rate (m?/day) 10 for noncarcinogens -
20 for carcinogens

Absorption percentage 1.0 -

Surface Water Exposure Pathway
Fish consumption factor (g/day) - 54

Diet fraction from contaminated - 0.5
source (unitless)

Fish bioconcentration factor - Arsenic 44
(unitless) Cyanide 1
All Exposure Pathways
Exposure duration (years) 2@ 30
Body weight (kg) 16 for noncarcinogens 70
70 for carcinogens
Conversion factor 1,000 pg/mg 1,000 pg/mg
1,000 g/L

Lifetime for carcinogens (years) 75 75

-- = Not applicable.

(@) Based on the expected duration time of site remediation and construction associated with

disturbance of subsurface soil.
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EXPOSURE POINT CONCENTRATIONS @
Surface Water Concentration (ug/L) ‘

TABLE I-7

Compound

Arsenic 9.1

Beryllium NA
Cyanide 47

Lead 290
CPAH NA

Modeled Air Concentration®™ (ug/m®)

0.00198
0.00004
NA
0.0052
0.0027

NA = Surface water protection cleanup level not available; not a compound of concern in media.

(a) Exposure point concentrations are the maximum detected concentrations in groundwater because
nondetects constituted greater than 50 percent of the data set (Ecology 1993).

b) Derived from onsite maximum soil concentrations in samples collected less than 15 ft below
ground surface.
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TABLE I-8
ASSUMPTIONS USED IN TSCREEN AIR MODEL
1. Assume soil from pile boring and elevator excavation = 2,000 yd*

2, Store soil in pile with no cover of 19.7 m diameter (based on 2,000 yd® in half sphere)
-1/2 x 4/3nr3 :

3. Residential area located 750 ft (230 m) downwind from source

4. Percent silt content = 25%
Number of days with > 1 inch rainfall = 10/year
Percent time wind speed >5.4 m/s = 20%
Release height = 0 m
Urban dispersion parameters
Receptor height = 1.5 m

5. Modeled using TSCREEN:

. Emission rate based on 100 percent soil concentration of pollution

. Soil watering factor = 50% '

. Emission rate doubled for soil handling emissions, so air concentration in residential
area is:

2x0.50x 18 pg/m*® = 18 pg/m?

soil concentration (mglkg)

" x 18 pg/m3

Pollutant air concentration =

(Particulates only)
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TABLE I-9

SUMMARY OF TOXICITY FACTORS BY EXPOSURE ROUTE

Exposure EPA Weight of
Route/IHS Reference Dose (mg/kg-day) Critical effect CSF (kg-day/mg)  Type of Cancer Evidence
Ingestion
Cyanide 0.02 weight, thyroid, NA -- -
neurotoxicity

Arsenic 0.0003 skin lesions 1.5 skin A
Inhalation
Arsenic 0.0003 (ingestion) skin lesions 50 lung and skin A
Beryllium 0.005 (ingestion) no effects observed 8.4 lung B2
Lead NA -- NA : -- B2
CPAH NA - 6.1 NA B2

- = Not applicable.

NA = Surface water protection cleanup level not available.

A = Human carcinogen.

B2 = Probable human carcinogen.
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Exposure Pathway

TABLE I-10

SUMMARY OF RISK ESTIMATES

Exposure Scenario

Soil

Particulate inhalation

Surface Water

Human consumption of
organism

Fish consumption

During Site Remediation/ After Site Development
Construction Residential Recreational Fishing
Total Cancer Total Cancer
Risk Hazard Index Risk Hazard Risk
9e-07 8e-03 = -
-- -- 9e-05 5e-01

- Not applicable.
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APPENDIX J

PREVIOUS EPA AND ECOLOGY PROPERTY INSPECTION REPORTS

The following reports are included as Appendix J:

1. Letter to Union Pacific Realty transmitting the property inspection report for the
METRO/Union Station property, prepared by Roy F. Weston for the U.S.
Environmental Protection Agency, July 19%4.

2. Letter to Union Pacific Realty transmitting preliminary assessment report, Union

Station, prepafed by SAIC for the Washington State Department of Ecology, April
1989.
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Region 10 Alaska 77’

United States . _ 3 ska o
- Environmental Protection .7~ - 1200 Sixth Avenue Ida .
' Seattle WA 98101 0 . non -
o Agency ane WralSlul(gtOﬂ oA RDL—E '-.:CT i-'LF
RECEIVED
August 4, 1994 AUG -9 m94
Reply to
Attn of: HW-114 _ DEPT. CF ECOLOGY
Lee Olson

Union Pacific Realty

24422 Avinada de la Carlota
Oakbrook Plaza, Suite 360
Laguna Hills, CA 92653

Dear Mr. Olson:

The U.S. Environmental Protection Agency (EPA), through its
contractor, Roy F. Weston, Inc., has completed the non-sampling.
site investigation (SI) of the METRO/Union Station site. A copy
of the report is enclosed.

Based on this SI and other pertinent information, EPA finds
it appropriate to refer to state authority for further
consideration. Accordingly, EPA does not anticipate further
investigation under the Federal Superfund Program. Weston's
conclusions, with which EPA concurs, are outlined on the
conclusions page of this report. -

If you have any questions, I can be reached at (206) 553-
2103.

Sincerely,

Powrel

David Bennett
Site Assessment Manager
Site Evaluation Section

Enclosure

cc: Michael Spencer, Ecology (w/o Enclosure)
Bob Kievit, EPA-WOO (w/o Enclosure
Mike Gallagher, Ecology-NWRO ‘
Seattle-King County Environmental Health
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SECTION 2

BACKGROUND

2.1  SITE LOCATION

The METRO/Union Station site is located in downtown Seattle, Washington, approximately
0.25 mile northeast of the King Dome. The site is bound by 4th Avenue, Sth Avenue,
Jackson Street and Airport Way South (Figure 2-1) and is located in King County in the
northwest 1/4 of Section 5, Township 24 North, Range 4 East. The approximate geographical
coordinates are 47 degrees 35 minutes 53.3 seconds North latitude and 122 degrees

19 minutes 37 seconds West longitude.

Surrounding the METRO/Union Station site is a commercial and industrial section of the city.
Immediately to the east of the site there are a commercial/retail building and a hotel. To the’
northeast there is a parking lot; to the north a hotel and restaurant. To the west there are the
King Street Station and office buildings (Figure 2-2). To the south there is a textile facility
and highway access ramps. Elliott Bay, the closest body of water, is located approximately
1/2 mile west of the site. Lake Washington is approximately two miles east of the site,

2.2 SUMMARY OF SITE HISTORY

2.2.1 Ownership

The METRO/Union Station site is and has been owned by Union Pacific Railroad since 1907.
Union Pacific Realty, a subsidiary of Union Pacific Railroad, based in Irvine, California,
manages the site and has been attempting to sell the property (Cornell, 1994a). METRO
controls the eastern portion of the site from an easement from Union Pacific Railroad since
1987 (Solberg, 1994) and this portion of the site houses the METRO bus tunnel.

Henry Yesler owned the northem portion of the site and operated a coal gasification facility
from 1890 until 1907. Vulcan ¥ronworks operated on the southern portion of the sité from
1900 until 1910 (SAIC, 1989); however, the owner is not known. o

2.2.2 A Summary of Historical Site Uses

Three operations including a coal gasification facility, Vulcan Ironworks plant and Union
Station have historically been the primary site users; they are discussed below.
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S1 Repore—METRO!Union Station Site Section 2

The Union station building, constructed of brick and concrete, is located in the northwestern
portion of the site. The main hall of the station is being rented by a local catering company
for storing supplies and by an espresso vender. The remainder of Union Station is unused.
Exposed fill extended from the rear of Union Station south to Airport Way and there is an
area of exposed fill approximately 8 feet wide between Union Station and the METRO tunnel
in the northern section of the site. Access to the exposed fill was restricted by a 10 foot
fence topped in barbed wire. There was scattered clothing lying in the fill area, reportedly
accessed by trespassers (Cornell, 1994a). There was no evidence of spills or observed
releases of contamination to this exposed fill.

I1912AAACDOC, Rev. 1 2-5 22 July 1994
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S! Repore—METRO!Union Station Site Section 3

located there. In addition, Hart Crowser indicated that inorganic contamination existed in the
soil at the southern end of the site and this contamination may have been related to Vulcan

Ironworks.

Analysis of groundwater samples indicated elevated concentrations of PAH compounds and
priority pollutant volatile organic compounds (VOCs). In addition, groundwater flow rates,
directions and volumes of contaminants being transported onto the site in the groundwater f
from off-site sources under 5th Avenue were estimated based on the hydrogeological trends

observed in these monitoring wells.

A second mécting between UPR, Hart Crowser and Mr. Brugger of Ecology was held upon
delivery of the Hart Croswer Soil and Groundwater Quality Report (Hart Crowser, 1986b) on
5 June 1986 (Ecology, 1994b). This meeting ended with four general conclusions, verbally

agreed to by Ecology:
+ Additional analysis of the on-site soil was not required. .

-+ Contamination was generally migrating onto the site from an off-site source under
Sth Avenue and was, therefore, considered a regional concern.

* Proposed on-site development would cap the contamination reducing the amount of
infiltration: of rainfall, thus constituting a positive remedial action,

* If excavation was undertaken, it would be necessary to conduct additional analysis in
the top 6 feet of soil for the purpose of selecting a proper soil disposal location.

METRO was having similar meetings with Ecology at this time to propose construction of a
bus tunnel on the eastern portion of the METRO/Union Station site (Ecology, 1994). In
1987, Hart Crowser conducted two additional soil investigations (Hart Crowser, 1987a;
1987b), one in the area north of Jackson street and one in the area south of Airport Way.

In the area north of Jackson Street, analytical results indicated low concentrations of PAHs
and trace metals. Based on these results, Hart Crowser reported that the soil would-be
designated as dangerous waste under both persistence and EP Toxicity standards stated in
Chapter 173-303 of WAC.

The soil samples from the area south of Airport Way contained low concentrations of PAHs
and some trace metals relative to concentrations detected in the soil north of Airport Way.
Hart Crowser reported that this contamination was atributable to the Vulcan Ironworks.

In 1987, UPR, began excavation of soil for the development of the METRO/Union Station
site. UPR lead the excavation; however, METRO worked closely with UPR. In a permit

I912AAAC.DOC, Rev. 1 3-2 22 July 1994
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SECTION 4

SUMMARY OF PATHWAY CONSIDERATIONS

This section presents a summary of the potential threats associated with each exposure
pathway at the Union Station site,

4.1 WASTE TYPE AND CHARACTERISTICS

The METRO/Union Station site contains one source: contaminated soil. The contaminated
soil concentrated in the northern and southemn areas of the site is associated with coal
gasification and ironworking activities, respectively. The highest levels of PAH and trace
metal contamination appear to lic just east of the site under 5th Avenue (Hart Crowser,
1986b). Table 4-1 provides concentrations for these contaminants.

The contaminated soil covers an area approximately 300 by 150 feet or 45,000 square feet
(Figure 4-1). Based on soil data from borings, contamination has been found between 5 and
36 bgs (SAIC, 1989). It is covered by at least 5 feet of fill and capped by concrete and
pavement from the construction of the METRO tunnel and Union Station.

There are no groundwater wells on site at the present time, however, monitoring wells have
been on site during previous investigations. The release of PAHs and trace metals to the
groundwater has been documented in the results of groundwater analyses from these wells
(Hart Crowser, 1986b). .

42 PATHWAYS OF CONCERN
4.2.1 Groundwater Pathway

The groundwater pathway was evaluated based upon an observed release of hazardous
substances, as indicated by historical analytical data.

42.1.1  Site Hydrogeology

The METRO/Union Station site is located in a tidal area which has been filled since the late
1800s with approximately 8 to 10 feet of material. The hydrogeology in this area is very
complicated due to the past filling. However, three distinct hydrogeologic units have been
identified: an upper fill unit, a marine deposits unit, and a glacial recessional unit. The

1912AAAC.DOC, Rev. 1 4-1 : 22 July 1994
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SI Report—METRO/Union Station Site Section 4

Table 4-1—Chemical >_,.m_<m_m of Selected Soll and Water Samples _
Unlon Station, Seattle, Washington—Hart Crowser Soll and Groundwater Quallty Analyses (Hart Crowser, 1986b) (Continued,

Location ID TB-3 TB-22 TB-25 TB-78 TB-78 TB-79 TB-78 TB-80 TB-91 TB-92 T8-93
Media Soil Soil Soil Soil |- Soil Soll Water Water Soil Soil Soil
(mokg) | (mokg) | (mgka) | (mghg) | (moke) | (mgkg) | () (W) | (mgkg) | (mgkg) | (mghkg)
Depth (it bgs) 18-195 125 18-19 19-205 | 215-23 | 17.5-19 mlmm _m.umm 25-40 | 2540 25-4.0
Naphthalene 1510 62 ND 73 50 360.0 | 2,300.0 140 0.21 ND ND
Phenanthrene 416 30 ND 14.0 20.0 190.0 600.0 ND 056| 014 ND
Pyrene 752 74 2 4.1 11.0 55.0 2700 ND 0.1 0.22 0.052
Metals
Arsenic 54 54 9.7 60 ND 1.0 38
Beryllium 04 04 0.8 ND ND 22 0.5
Cadmium 0.7 0.7 0.7 3.0 3.0 0.6 ND
Chromfum 210 210 49.0 110 260 , 17.0 370
Copper . . 160° | 160 6.0 30 160 67.0 16.0
Lead 18 18 71 60.0 69.0 100.0 ND
Nicke! 260 250 54,0 11.0 250 24.0 400
Sefenfum 15 15 10 ND ND
Silver 0.3 03 1.2 30 40 ND ND
Zinc 39.0 39.0 88.0 240 420 1200 56.0
Cyanide 0.6 06 0.8 370 50 ND ND
1912AAAC.DOC, Rev. 1 4-3 , ) anﬂ“«aﬁ
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SI Repor—METROIUnion Station Site _ Section 4

4222 Groundwater to Surface Water Pathway

This pathway is evaluated because the surface water potentially affected by the site is within
one mile of the source (which has a containment factor greater than one), there is no aquifer
discontinuity between the source and the surface water, and the uppermost aquifer is above
the bottom of the surface water. It is tunlikely, however, that the contribution of
contamination in this pathway from this site poses a threat to the surface water due to the
absence of pathways and minimal targets.

The three types of threats for this component are drinking water threat, human food chain
threat, and environmental threat. There is no drinking water threat because there are no
drinking water intakes within 15 miles of the probable point of entry (e.g., the Elliott Bay
shoreline). In addition, the hydrogeology is complicated due to past filling from a city
regrading project. The area immediately west of the site was once tidelands and has been
extensively filled over the years. Therefore, the flow pattern to Elliott Bay is difficult to
determine.

Furthermore, for all three of the above threats, attribution would be difficult. Numerous
industrial properties are potentially releasing contaminants into Elliott Bay and the results of a
groundwater investigation of the METRO/Union Station site (Hart Crowser, 1986b) indicated
that contamination is being transported onto the site via groundwater from an upgradient
source located under S5th Avenue. ‘ ‘

4.2.3 Air Pathway

There appears to be minimal potential for exposure to contaminants through the air pathway
because of the improbability of soil being resuspended. The contaminated soil has been
covered by more the 5 feet of fill and capped by concrete and pavement from the construction
of the METRO bus tunnel and Union Station. In addition, there are fewer than 10 workers
on the site. :

4.2.4 Soil Exposure Pathway

The soil exposure pathway is evaluated based on two thrcaté: resident population aﬁd nearby
population threats. These are discussed below. '

4.24.1  Resident Population

The resident population threat is evaluated for this site because the area of observed
contamination is within a workplace property boundary and within 200 feet of a workplace
area.

1912AAAC.DOC, Rev. | 4-7 22 July 1994
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SECTION §

CONCLUSIONS

No further actions under the CERCLA program are recommended because the potential threat
to human health and the environmental from the METRO/Union Station site are minimal.
However, should further development of the METRO/Union Station site occur, additional
actions are recommended under the authority of another agency. These actions may include
soil and groundwater sampling, removal of contaminated soil, and/or recapping of the
contaminated soil to ensure limited exposure to the existing contamination.
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Aerial photo of the METRO/Union Station site,
facing south

METRO/Union Station
WAD988466371
21June1994

Photographer: K. Ritenburg
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Exposed fill behind Union Station, facing north,
METRO tunnel to the right

METRO/Union Station

WADS88466371

21June1994

Photographer: K. Ritenburg
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Fourth Avenue boundary and King Street Station; photo taken
- standing on- METRO tunnel, facing west

METRO/Union Station
WAD988466371
21June1994

Photographer: K. Ritenburg

Site fence, barbed wire, and railroad tracks of
King Street Station , facing west

METRO/Union Station
WAD988466371
21June1994
Photographer: K. Ritenburg
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Area of exposed fill between Union Station,
and METRO bus tunnel, facing north,
towards Jackson Street

METRO/Union Station
WAD988466371
21June1994
Photegrapher: K. Ritenburg
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Inside the METRO tunnel, facing north,
towards Jackson Street

METRO/Union Station
WAD988466371
21June1994
Photographer: K. Ritenburg

Inside the METRO tunnel, facing south,
towards Airport Way

METRO/Union Station
WAD988466371

21June1994

Photographer: K. Ritenburg
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CHRISTINE O. GREGORE

PROJECT FILRE@EEWEE

STATE OF WASHINGTON _ JUN 26 1989
DEPARTMENT OF ECOLOGY DET\!‘?;%ESETS?FPE:}% or
Mail Stop PV-11 e Olympia, Washington 98504-8711 o (206) 459-6000 d ?D:{\/
June 27, 1989

COrY

Director

Union Pacific Realty

16400 Southcenter Parkway, Suite 305
Southgate Place

Seattle, WA 98188

Re: Pteliminafy Assessment - Union Station

Dear Sir:

Enclosed is a copy of a Preliminary Assessment report completed by an
EPA contractor for a site property for which you are known as owner

and/or operator.

The Preliminary assessment report is a review of the past history of
the site via a records search, with a recommendation for some further

type of action. -

Sites are first "discovered" by EPA and put on what is called the
CERCLIS List (Comprehensive Environmental Response Compensation and
Liability Act Information System). This list indicates a potential
for being a hazardous waste site. The Preliminary Assessment (PA),
the second step in the process, is done by the PA/SI Unit or an EPA
contractor, who ranks the site either no action, low, medium, or high
priority. Every site with low priority and above eventually will have
a Fhase I or Phase II Site Inspection performed (by either EPA, the
state or EPA contractor). This entails an up-to-date review of the
site records, an actual site inspection and talking with various
interested parties. If the site is deemed serious enough or current
environmental sampling data is lacking, a Phase II Site Inspection may
be performed either in lieu of, or subsequent to, a Phase I. Under -
Phase II, samples are gathered to get a better picture of the site and
document any releases of hazardous constituents. Actual contaminants
are sampled if observed. The purpose is to look at the worst case
based on records or knowledge of the site.

A copy of the assessment has been forwarded to the appropriate Ecology
Regional Office and county health department. A copy has also been
submitted to the EPA Region X office in Seattle for their .review and
comment. It is possible that the EPA may change the priority
assessment category at their discretion.
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PRELIMINARY ASSESSMENT REPORT JUN 2 6 1983
UNION STATION o oy
4th Avenue and Jackson Street DEPARTMENT (_2:- gg?(l)-i?
Seattle, King County, Washington NORTHWEST RE
WADSB88466371

Prepared for:
Washington Department of Ecology

Mail Stop PV-11
Olympia, WA 98504

Prepared by:
Science Applications International Corporation

626 Columbia Street N.W., Suite 1-C
Olympia, WA 98501

April, 1989



To the east of the site is a comnerclal /retail building and a
hotel. To the northeast is a parking lot, to the north a hotel,
and to the west, office bulldings (Figure 2).

Site History and Potential Problems - Prior to about 1890,
development of the northern portion of the 7.5 acre site 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 RKing Street. During
this time all the industrial wastes produced by the plant were
dumped into the bay. The plant was built on a pile and plank
platform; however, by 1900, the tideland area surrounding the
" plant had been filled and the plant was located on dry land.
The gasification plant continued in operation until 1907, when
the site was leveled in preparation for the construction of
Union Station. The coal gasification facilities were relocated
to a new plant built at the north end of Lake Union (2).

The major industry in the southern end of the site was the
Vulcan Iron Works plant located between South Dearborn and South
Lane streets north of Airport Way. The iron works was built
before 1900 and expanded in 1902 to cover the entire portion of
the block north of Airport Way. The iron works manufactured
steel and iron for use in heavy machinery engines and freight
cars. Apparently, brasg casting was also conducted at this
facility in 1905 (2). The iron works was relocated to S. Fourth
Avenue and Royal Brougham Way around 1910 (2). New railroad
tracks were constructed in its placa. ’

In 1895, work began on construction of a ship canal to Lake
Washington through Beacon Hill and the Rainier Valley, which
included dredging of associated waterways. The operation was
authorized by the state; and waterways and canals were dug
through tide and shorelands and the materials used for filling
in lands above high tide. It appears that the area from the
gasification plant to Airport Way was filled or at least
partially filled between 1905 and 1909, presumably by the
railroads (2).

Union Station construction was completed prior to 1914, and has
been the major activity at this location since that time.
Commercial /retail areas are located east of S5th Avenue.

The Shannon and Wilson program of foundation borings for the
Metro tunnel project began in the old Union Station rail yard in
1984. The early borings (TB-22 and 23) penetrated a zone
containing what appeared to be diesel oil and a more viscous
hydrocarbon substance in the depth interval between about 5 and
36 feet below the surface (Figqure 3) (3).
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To the east of the site is a commercial/retail building and a
hotel. To the northeast is a parking lot, to the north a hotel,
and to the west, office buildings (Figure 2).

site History and pPotential Problems — Prior to about 1890,
davelcpment of the northern portion of the 7.5 acre site was
limited to a coal gasification plant at the shoreline margin
(currently the location of Union Station) and trestled rallroad
tracks that curved through the area around King Street. During
this time all the industrial wastes produced by the plant were
dumped into the bay. The plant was built on a pile and plank
platform; however, by 1900, the tideland area surrounding the
plant had been filled and the plant was located on dry land.
The gasification plant continued in operation until 1907, when
the site was leveled in preparation for the construction of
Union Station. The coal gasification facilities were relocated
to a new plant built at the north end of Lake Union (2).

The major industry in the southern end of the site was the
vulcan Iron Works plant located between South Dearborn and South
Lane streets north of Alrport Way. The iron works was bullt
before 1900 and expanded in 1902 to cover the entire portion of
the block north of Airport Way. The iron works manufactured
steel and iron for use in heavy machinery engines and freight
cars. Apparently, brass casting was also conducted at this
facility in 1905 (2). The iron works was relocated to S. Fourth
Avenue and Royal Brougham Way around 1910 (2). New railroad
tracks were constructed in its place.

In 1895, work began on construction of a ship canal to Lake
Wwashington through Beacon Hill and the Rainier Valley, which
included dredging of associated waterways. The oparation was
authorized by the state; and waterways and canals were dug
through tide and shorelands and the materials used for filling
in lands above high tide. It appears that the area from the
gasification plant to Airport Way was filled or at least
partially filled between 1905 and 1909, presumably by the
railroads (2). .

Union Station construction was completed prior to 1914, and has
been the major activity at this location since that time.
Commercial/retail areas are located east of 5th Avenue.

The Shannon and Wilson program of foundation borings for the
Metro tunnel project began in the old Union Station rail yard in
1984. The early borings (TB-22 and 23) penetrated a zone
containing what appeared to be diesel oil and a more viscous
hydrocarbon substance in the depth interval between about 5 and
36 feet below the surface (Figure 3) {(3).
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On January 25, 1985 three soil samples from DSTP borings were
submitted to Laucks Testlng Laboratories, 1Inc. for
identification of oil/hydrocarbons. The results of these
chemical tests were submitted on March 19, 1985. The test
results indicated the presence of a variety of polynuclear
aromatic contaminants (Table 1). Substantial concentrations of
diesel fuel were also detected. Subsequently, additional
sampling and testing of contaminated solls was conducted (3).
The results are shown in both plan view and cross-section in

Figures 3 and 4.

The soils are contaminated with a variety of organic compounds
that likely originated from the coal gasification plant that
once occupied the north.end of the site (Figure 3).
Accordingly, the heaviest concentration of thease contaminants
appears to reside in the northern end of the site. Examination
of the soil samples indicates that other so0il contamination may
exist on the site, particularly at the southern end of the
property. This soil contamination may be related to Vulcan Iron
Works, which historically occupled that location {2).

Soil’ samples were collected from the area north of Jackson
Street in January 1987. Results of chemical analyses of soil
samples indicated no detactable halogenated hydrocarbons and
only low concentrations of polycyclic aromatic hydrocarbons
(PAH) and extractable trace metals. However, based on these
results, Hart-Crowser reported that the soils represented by the
samples tested would be designated a dangerous waste under both
the persistence and EP Toxicity standards stated in Chapter
173-303 of WAC (4).

Soil samples were collected from the area south of Airport Way
in May 1987. The so0il samples analyzed contained low
concentrations of polycyclic aromatic hydrocarbons and some
trace metals relative to concentrations detected in soils north
of Airport Way. This contamination in the vicinity of Alirport -
Way is thought to have originated from Vulcan Iron Works (4).

Hart-Crowser installed 11 ground water monitoring wells on the
site in 1985. Based on these wells, it appears that shallow
ground water enters the site from the southeast corner and flows
in a direction perpendicular to the nerth-socuth boundary of the
sita. It then flows across the Bite towards 4th Avenue and
Jackson Street. Most of the shallow ground water appears to
exit the site at the northwest corner near Union Station (Figure
4) (4). The ground water flow in the northern portion of the
site is complicated. Because there are no existing monitoring
welle in the £ill aquifer in this area, the actual direction of
ground water movement cannot be accurately determined. The




TABLE 1

CHEMICAL ANALYSIS OF SELECTED SOIL AND WATER SAMPLES
UNION STATION, SEATTLE, WA

(Source:
Chemical Paraseters : Boring: I YT B {2 AN (LY S (B
Oepth: TIEITD ~ 57 T-I0% 1733 Y80
METALS Arsenic
Ceryl1iim
Cadnium
Chronium
Copper
Lead
Nickal
Selentum
Silver
Tinc
st wEwTAuLS
PRA Compcunds Acensphthene - - - 1] -
Acenaphthylens 0.170 . - 13 -
Anthracene 0.220 - L 2] 9 -
Benzol ) anthracene 0.680 0.071 104 16 H
lenzolllp{rtm 1.000 0.150 17 s -
Benzo[b) fluoranthene 0.63) 35 k| -
Renzo[k) Mlucranthens 0.610 0.170 29 3 -
Benzolghiiparytene 0.310 0.080 - - -
Chrysens 0.780 0.095
Dibenzolah)anthracans 0.160 - - - -
Fluorem - - k] ] 2 1
Fluoranthene . 1.600 0.091 516 2
Indenclt 2,3-cdlpyrem 0.380 - 0.079 - - -
Raphthalens 0.110 - 1,510 62 -
:henlnthrtn. 0.;%3 g.g;: ;;G ;2 -
yrane 1. o 2 ! 4
Total PHA .0 U8 TS I 7
OTHERS l"u-“h{'hlunphlhllllt - -
' Di-m-dutylphthalate - -
Df-n-octylphthalate - . 0.082
Didbeazoluran - -
2-Methylnsphthalene - -
ACID FRACTION Phenol
NISCELLANEOUS Cyanide
Diegel 1,200 145,000
YOLATILE
ONLXRICS Acetone
Ethylbenzene
Rethylens Chioride
Toluens
Total Xylenes
NOTES:

= Indicates not detected st test levels determfned by the laboratory.

¢ Stored more than one month before analysls.

% gbtatred from plezometer 1n shallow aguifer.

PNA:  Polynuclear Aromgtic Hydrocarbons as designated by [PA Priority Pollutants List,
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| PC INTIAL HAZARDOUS WASTE S : e T IFICATION
“ ) PRELIMINARY ASSESSMENT Hmber
Part 1 - Site Information and Assessment WA 0988466371

ll. SITE NAME AND LOCATION

01 Site Name (legal, common, or descriptive name of site)

02 Street, Route No., or Specific Location identiflar

Unifon Station/Metro International District Station Bounded by Sth Ave., 4th Ave, Airport Way, & Jackson St.

03 City 08 State [0S Zip Code [06 County 07 Countyjos Cong
’ Code Dist
Seattle WA King 033
Section/Township/Range

939 Coordinat
nates Lattitude  Longitude

T24N, R4E, Sec. 5, NWx

10 Directions to Site (starting from naarest public road)
Between 4th and 5th Avenues. Approximately 1/8 mile east of the King Dome.

TIT. RESPONSIBLE PARTIE

01 Owner (if known) }

01 Street (business, miling, rasidential)

16400 Southcenter Parkway, Suite 305, Southgate Place

nion Pacific Realty
03 City 08 State (05 Zip Code |06 T elephone Number
Seattle WA 98188 ( 206 ) 575-4620
07 Operator (If known and different from awner) 08 Street (business, malling, residential)
16400 Southcenter Parkway

Suite 305, Southcenter Place

Upland Industries Corp.
10 State |11 Zip Code |12 Teiephone Numbar

09 City
Seattle (Tukwila) WA gg188 | ()
13 Type of Ownership (check one)
( ) A. Private { ) B. Federal: ( )c. state ( ) D. County ( ) . Municipal
() F. Other: ( )G. Unknown

18 Owner/Qperator Natification on File (checkall that apply)
( )A. RCRA 3001, Date Recid: / / (_)B. Uncontrolled Waste Site (CERCLA 103c), Date Rec'd: [ / X )c. Nona

IV. CHARACTERIZATION OF POTENTIAL HAZARD

01 On Site Inspection By {check all that apply):
( x) Yeas, Date: ! / ( )a. epa ( )B. £PA Contractor ( )c. State (X)o. other Contractor
( Ino numerous ( )E. Locat Hesith Official () F. Other: Shannon & Wilson, Inc.
Contractors Name(s); Hart-Crowser & Associates, Inec.
01 Site Status (check ona) 03 Years of Operation
( )A. Active {X)a. insctive  ( )C. Unknown bogié\géng ynr[mdlﬂglgan; ( )unknown

0% Description of Substances Possibly Present, Known, or Alleged
Buried contaminated soils from previous industries in the 1800's. Known high concentrations of PNAS and some

-metals in soil. Ground water plume with high PNA concentration under the site.

05 Daescription of Potential Hazard to Environment and/ar Population
6round water movement not fully assessed and knowledge of where contaminated water will g0 can not be obtained

without further data. Only potential receptor is E1liott Bay via ground water seepage to surface water.

———e
V. PRIORITY ASSESSMENT

. 101 Priority for inspection (check one; if high or medium is checked, complete Part 2 and Part 3)

( )A. High ( )B. Medium ( )C. Low (inspect on time (x )D. None (no further action needed
{inspection required promptly) (inspection required) availabla basis) complete current disposition form
VI. INFORMATION AVAILABLE FROM
01 Contact 02 Of (agency/organization} 03 Telephone Numbar
Tom Harris Washington Dept. of Ecology (206 ) 438-7348
W Person Responsible for Assessment 05 Agency 06 Organization 07 Telephone Numbaer 08 Data
L_sStuart strum -- SAIC ( 206 ) 754-7077 3 /30 /89

Modified (5/84) from FDA Caee anwm o= o .



POTENTIAL HAZARDOUS WASTE SITE: FERaENTIFICATION
PRELIMINARY ASSESSMENT
Part 3 - Description of Hazardous Conditions & Incidents{ w D988466371
1. HAZARDOUS CONDITIONS AND INCIDENTS

o1 X )A. Croundwater Contamination 0 ( X )Observed (Date: 1984 ) () Potential ( ) Alleged

01 Population Potentially Affected: 0 038 Narrative Descrintion
The ground water samples show high Tevels of PNA contaminates. The movement of the ground water is undetermin-

able with information now avaflable. Ground water is 10-30 feet below present ground surface in hydraulic
fi1l material.

1 [ X ) B. Surface Water Contamination 02 ( ] Observed (Date: . ) ( X )Pountlll ( )Allegod

03 Population Potentially Affectad: 0 08 Narrative Description
Possible contamination depending on movement of PNA plume in ground water. Nearest surface water is Elliott

Bay Tess than 0.5 miles west.

01 { X )c. Contmination of Alr 02 { ) Observed (Date: ) ( ) rotential () Atlegea
93 Population Potentially Affected: 0 08 Narrative Description
None known or suspected. '

91 ( X ) D. Fire/Explosive Conditions 02 { ) Observed (Date: ) ( ) Potential { ) Alleged
03 Population Potentially Affected: g 0% Narrative Description
None known or suspected.

01( X) E. Direct Contact 02 () Observed (Date: ) { X ) Potentiai ( )Aneged
03 Popuiation Potentlally Affected: 0 0% Narrative Description '

Any excavation in the contaminated area should be carefully monitored, to prevent employee exposure. No
other direct contact royte. ' '

o1 X) F. Contamination of Soif 02 { X ) observed (Date: Sept. 1985 ) ( )rotenttast () Alteged

03 Area Potentlally Affectad (acres): < 7.5 0% Narrative Description
Polynuclear Aromatic_Hydrocarbons. {PNAs) as designated by EPA priority pollutants 1ist, four known to be

carcinogens, found in soil samples.

01 ( X) G. Drinking Water Conumination 022 () observed (Date: ) () Potential () Attegea

93 Population Potentially Affected: 0 ’ 08 Narrative Dascription
No use of wells for drinking within 3 miles of the facility.

ot ( x)H. Worker Expewnllnjul.'y 02 (). Otservad (Date: ) ( x ) Potentiai ( ) Aneged

' 03 Workers Potentially Affected: < 100 08 Narrative Description
Care will be needed during construction activities to avoid worker exposure to PNAs.

01 ( x) 1. Population Exposure/injury 02 () Observed (Date: ) ( X ) Potential ( )Aneged

03 Population Potentially Affacted: < 100 0% Narrative Description
Potentially exposed population 1is primarily workers.




Photograph Log for Union Station

Former rail platform area south of ‘Union Station building. View to southeagt
from Fourth Avenue South.

Former rail platform and bus tunnel construction. View to southeast from
Fourth Avenue South.

Bus tunnel construction. View to south from Fourth Avenue South.




assessment of ground water flow directione in this area is
inconclusive at this time (4).

Wells completed in the fill aquifer show a small sensitivity to
the tide. A well located upgradient to the southeast boundary
and screened in a lower silty sand zone, shows no sensitivity to

the tide.

Ecology’s NW Regional Office has been involved in review of
documents and meetings with City of Seattle, Metro, and Upland
Industries since at least 1986. Ecology reviewed the draft
Environmental Impact Statement prepared for the proposed
construction project and provided review comments. As of summer
1988, no permits or orders had been isaued by Ecology with
regard to this site. Soils which are contaminated prior to the
effective dates of Washington’s Dangerous Waste regulations are
not classified as Dangerous Wastes until they are excavated
(11). Because of the presence of PAH‘s in soil and ground
water, Ecology indicated to the Union Pacific Realty Company in
June 1988 that more studies of the site are needed (11).
According to Metro officials, soils tested to date have not been
shown to be dangerous wastes, and have been disposed in
accordance with guidance from the Seattle-King County Health
Department. The site was referred for a Preliminary Assessment
in June, 1988; no additional action is known to have been taken
by Ecology since that time.

Since initial investigations, the developers and Metro have
agreed on how to handle various portions of this contaminated
site. Areas meeting dangerous waste criteria are to be
excavated and sent to an appropriate disposal site, while other
less contaminated areas are to be covered with at least 6 feet
of clean £ill prior to paving and other construction activities
(10). No areas of soil at the site have been determined to be

dangerous waste (12,13).

Physical Setting, Pathways, and Receptors - The Union Station is
located in a commercial area of downtown Seattle, less than 172
mile from Puget Sound‘s Elliott Bay. Within a 1/4 mile of the
site the population is approximately 655 persons. Also within
this radius is the Seattle King Dome, and Harborview Hospital.
Two miles to the east is Lake Washington, and to the northwest
is Seattle Center. Within a four mile radius of this site the
population is approximately 204,197 persons; there are 12
schools, 15 parks, and four hospitals (1,5). .

The site is covered by 2 to 3 feet of medium dense sand and
gravel fill which is underlain by about 35 feet of soft clay
with sand. The upper 20 feet of this soft layer is hydraulic
fill places in the early 1900°s. Hard sandy silt and very dense
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sand were encountered at about 35 to 50 feat below pregent
ground surface (3,6). This may represent the original land
surface in this area. There is no use of ground water for
drinking in the Seattle area; water comes from protected surface
water sources of the Tolt and Cedar Rivers.

Mean annual rainfall of 35 inches and the mean annual lake
evaporation is approximately 22 inches (7).

Puget Sound and Lake Washington are very important recraational
waterways used by the public for fishing and boating. The Puget
Sound is an important source of commercial fishing, both of
galmon and shellfish. The importance of the waters of the Puget
Sound for the foodchain, as well as the economy of the State of
washington, make the protection of these waters a number one
priority state-wide. The puwamish Waterway is an important
transportation and rearing area for the Chinook, Chum, and Coho
salmon using the upper streams. It is an important transition
area for adaptation of migrants to salinity changes. The water
quality is the most serious 1imiting factor for galmon in the
puwamish waterway. The porderline dissolved oxygen level is
crucial in August and September, particularly for adult Chinook

(8).
Priority Assessment: No Further Remedial Action Planned

Based on the criteria outlined in EPA OSWER Directive 9348.0-01, this
facility has been classified as No Further Remedial Action Planned.

‘Thig is based on the lack of ground water use for drinking in this

area, and the construction activities currently underway in the
vicinity of the contaminated area.

Recommendations

In a June 22, 1988 letter from Bcology to Union Pacific Realty
company, Ecology indicated that additional investigation of the site
is warranted because the extent of ground water contamination is not
known (11). This recommendation should be followed, at least during
construction activities, but unless a link can be found between
ground water contamination at this gite and seepage to Elliott Bay,
no receptors of concern are present. Metro guidelines for excavation
versus covar of contaminated soils jgsued in June 1988 (10), should
be reviewed and a determination made as to their appropriateness for

use 'at this site.
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APPENDIX K
'ALTERNATIVE COST ESTIMATION SUPPORTING INFORMATION



TABLEK -1
UNION STATION CLEANUFP ACTICN
ALTERNATIVE 1 COST ESTIMATE

Page 10of 2

ltem . Quantity Unit Unit Cost ($) Extended Cost ($} Total Cost ($)
CAPITAL COST
INSTITUTIONAL CONTROLS
Deed Restrictions 1 Is 20,000 20,000
Fencing 2,000 If 20 40,000
TOTAL CAPITAL COST - INSTITUTIONAL CONTROLS 60,000
MONITORING
Groundwater Monitoring Wells 100 It 150 20,000
{3 naw wells)
Monitoring Well Decommissioning 6 ea 5,000 30,000
(3 before construction, 3 after completion)
Engineering/Legal 1 Is 10,000 10,000
ltemized Subtotal 60,000
Contingency @ 30% of Subtotal 20,000
TOTAL CAPITAL COST - MONITORING 80,000
CONSTRUCTION SOIL EXCAVATION/DISPOSAL
Mobilization/Demobilization 1 Is 20,000 20,000
Excavation 2,000 cy 20 40,000
Onsite Solidification 2,000 cy 20 40,000
Transportation/Disposal 2,500 cy 40 100,000
(Subtitle D landfill)
Health and Safety ’ 1 Is 20,000 20,000
Engineering 1 Is 70,000 70,000
Itemized Subtotal 290,000
Contingency @ 30% of Subtotal li 90,000
TOTAL CAPITAL COST - CONSTRUCTION SOIL EXCAVATION 380,000
TOTAL CAPITAL COST $500,000
CAPITAL COST RANGE (-30% TO +50%)  $400,000 TO $800,000



Page 2 of 2

ANNUAL OPERATION AND MAINTENANCE COSTS

INSTITUTIONAL CONTROLS MAINTENANCE

Five Year Review and Reporting 1 Is 5,000 5,000
Fencing Maintenance 1 Is 1,000 1,000
(3% ot Capital Cost)
TOTAL ANNUAL O&M - INSTITUTIONAL ACTIONS 6,000
MONITORING
(Note: monitoring duration assumed at 1 year)
Groundwater Sampling/Analysis 4 event 10,000 40,000
{Quarterly monitoring, annual reporting})
ltemized Subtotal 40,000
Contingency @ 30% of Subtotal 10,000
TOTAL ANNUAL O&M - MONITORING (FIRST YEAR) 50,000
TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS - FIRST YEAR 60,000
TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS - YEARS TWO THROUGH THIRTY 10,000

PRESENT WORTH ANALYSIS

Present worth factors; n=1 year, i=5%, p/a= 0.952
: n=30 years, i=5%, p/a=15.372

O&M PRESENT WORTH - FIRST YEAR $60,000
O&M PRESENT WORTH - YEARS TWO THROUGH THIRTY $140,000
THIRTY YEAR O&M PRESENT WORTH $200,000

THIRTY YEAR TOTAL PRESENT WORTH - CAPITAL PLUS O&M $7C0,000
THIRTY YEAR TOTAL PRESENT WORTH RANGE - CAPITAL PLUS O&M (-30% TO +50%)
$500,000 TO $1,100,000

NOTES:
(1) This cost estimate is order-of-magnitude level accuracy.
(2) Total costs are rounded to nearest $10,000 or $100,000.

J\273\C08\012\FS-K1.WB2



Page 1of2

TABLEK -2
UNION STATION CLEANUP ACTION
ALTERNATIVE 2 COST ESTIMATE

Item Quantity Unit Unit Cost ($) Extended Cost ($) Total Cost ($)
CAPITAL COST
INSTITUTIONAL CONTROLS
Deed Restrictions 1 Is 20,000 20,000
TOTAL CAPITAL COST - INSTITUTIONAL CONTROLS 20,000
MONITORING
Groundwater Monitoring Wells 100 If 150 20,000
(3 new wells)
Monitoring Well Decommisioning(a) 6 ea 5,000 30,000
(3 before construction, 3 after completion)
Engineering/Legal ' 1 Is 10,000 10,000
Itemized Subtotal 60,000
Contingency @ 30% of Subtotal 20,000
TOTAL CAPITAL COST - MONITORING 80,000
PAVING
Asphalt Concrete Pavement(b) 200,000 (c) sf 1.2 240,000
lternized Subtotal 240,000
Contingency @ 30% of Subtotal 70,000
TOTAL CAPITAL COST - PAVING 310,000
CONSTRUCTION SOIL EXCAVATION/DISPOSAL
Mobilization/Demobilization 1 Is 20,000 20,000
Excavation 2,000 cy 20 40,000
Onsite Solidification 2,000 oy 20 40,000
Transportation/Disposal ' 2,500 cy 40 100,000
(Subtitle D landfill)
Health and Safety 1 Is 20,000 20,000
Engineering 1 Is 70,000 70,000
|ltemized Subtotal 290,000
Contingency @ 30% of Subtotal Il 90,000
TOTAL CAPITAL COST - CONSTRUCTION SOIL EXCAVATION 380,000
TOTAL CAPITAL COST $800,000
CAPITAL COST RANGE (-30% TO +50%) $600,000 TO $1,200,000



Page2of2

ANNUAL OPERATION AND MAINTENANCE COSTS

INSTITUTIONAL CONTROLS MAINTENANCE
Five Year Review and Reporting 1 Is 5,000 5,000

TOTAL ANNUAL Q&M - INSTITUTIONAL ACTIONS 5,000
MONITORING
{Note: monitoring duration assumed at 1 year)
Groundwater Sampling/Analysis 4 event 10,000 40,000
(Quarterly monitering, annual reporting)
ltemized Subtotal 40,000
Contingency @ 30% of Subtotal 10,000
TOTAL ANNUAL O&M - MONITORING (FIRST YEAR) 50,000
PAVING
Paving Repair 1 Is 10,000 10,000
(3 % of capital cost of paving)
ltemized Subtotal 10,000
Contingency @ 30% of Subtotal 3,000
TOTAL ANNUAL O&M - PAVING 10,000
TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS - FIRST YEAR 70,000

TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS - YEARS TWO THROUGH THIRTY 20,000

PRESENT WORTH ANALYSIS

Present worth factors: n=1 year, |'-5%. p/a=0.952
: n=30 years, i=5%, p/a=15.372

O&M PRESENT WORTH - FIRST YEAR $130,000
O&M PRESENT WORTH - YEARS TWO THROUGH THIRTY $300,000
THIRTY YEAR O&M PRESENT WORTH $430,000
THIRTY YEAR TOTAL PRESENT WORTH - CAPITAL PLUS O&M $1,200,000

THIRTY YEAR TOTAL PRESENT WORTH RANGE - CAPITAL PLUS O&M (-30% TO +50%)
$800,000 TO $1,800,000

NOTES:

This cost estimate is order-of-magnitude level accuracy.

Total costs are rounded to nearest $10,000 or $100,000.

(a) Assumes three existing downgradient monitoring wells are abandoned befcre constructlon and three new wells abandoned following monitoring corr
(b) Pavement assumes 2-inch AC paving over 4-inch crushed rock base cover with stormwater drainage, catch basins, and connection to storm sewer.
(c) Based on area estimate prepared by Baugh Construction May 1996,

JA273\008\012\FS-K2.WB2
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TABLE K-3

UNICN STATION CLEANUP ACTION
ALTERNATIVE 3 COST ESTIMATE

Page 1 of2

Item Quantity Unit Unit Cost ($) Extended Cost ($) Total Cost (3$)
CAPITAL COST
INSTITUTIONAL CONTROLS
Deed Restrictions 1 Is 20,000 20,000
TOTAL CAPITAL COST - INSTITUTIONAL CONTROLS 20,000
MONITORING .
Groundwater Monitoring Wells 100 1§ 150 20,000
(3 new wells)
Monitoring Well Decommissioning 6 ea 5,000 30,000
(3 befora construction, 3 after completion)
Engineering/Legal 1 Is 10,000 10,000
ltemized Subtotal 60,000
Contingency @ 30% of Subtotal 20,000
TOTAL CAPITAL COST - MONITORING 80,000
PAVING
Asphalt Concrete Pavement 200,000 sf 1.2 240,000
Engineering 1 Is 72,000 70,000
Itemized Subtotal 310,000
Contingency @ 30% of Subtolal 90,000
TOTAL CAPITAL COST - PAVING 400,000
CONSTRUCTION SOIL EXCAVATION/DISPOSAL
Mobilization/Demobilization 1 Is 20,000 20,000
Excavation 2,000 cy 20 40,000
Onsite Solidification 2,000 cy 20 40,000
Transportation/Disposal 2,500 cy 40 10,000
{Subtitle D landfill)
Health and Safety 1 Is 20,000 20,000
Engineering 1 . Is 70,000 70,000
Itemized Subtotal 290,000
Contingency @ 30% of Subtotal 90,000
TOTAL CAPITAL COST - CONSTRUCTION SOIL EXCAVATION 380,000
AIR SPARGING
Sparge Wells (25 wells) 1,400 If . 100 140,000
Air Blower Systems 1 Is 50,000 50,000
Equipment Sheds 1 Is 50,000 50,000
Instrumentation and Controls 1 Is 50,000 50,000
Piping and Utitities : 1 Is 100,000 100,000
Facility Decommissioning 1 Is 100,000 100,000
Engineering 1 Is 120,000 120,000
ltemized Subtotal 610,000
Contingency @ 30% of Subtotal 180,000
TOTAL CAPITAL COST - AIR SPARGING 790,000
TOTAL CAPITAL COST $1,700,000
CAPITAL COST RANGE (-30% TO +50%) $1,200,000 TO $2,600,000
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ANNUAL OPERATION AND MAINTENANCE COSTS

INSTITUTIONAL CONTROLS MAINTENANCE
Five Year Review and Reporling 1

TOTAL ANNUAL O&M - INSTITUTIONAL ACTIONS

MONITCRING
(Note: monitoring duraticn assumed at 10 years)
Groundwater Sampling/Analysis 4
(Quanterly monitoring, annual reporting)

Itemized Subtotal

Contingency @ 30% of Subtotal

TOTAL ANNUAL O&M - MONITORING (FIRST TEN YEARS)
PAVING

Paving Repair 1

(3 % of capital cost of paving)

Itemized Subtotal

Contingency @ 30% of Subtotal

TOTAL ANNUAL Q&M - PAVING

AIR SPARGING
(Note: air sparging duration assumed at 10 years)
Electricity {100 hp) 650,000
Soil Gas Monitoring 100
{Quarterly testing of 25 wells)
Operator {2 days per month) 24
Engineering Support 1
Equipment Maintenance 1
(5% of capital cost)

ltemized Subtotal

Contingency @ 30% of Subtotal

TOTAL ANNUAL O&M - AIR SPARGING (FIRST TEN YEARS)

TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS - FIRST TEN YEARS

event

kwh
ea

days
Is
Is

5,000

10,000

10,000

0.05
500

400
20,000
20,000

TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS - YEARS ELEVEN THROUGH THIRTY

5,000

40,000

40,000

10,000

10,000

10,000

3,000

33,000
50,000

10,000
20,000
20,000
130,000

39,000

5,000

50,000

10,000

170,000

240,000

20,000

PRESENT WORTH ANALYSIS

Present worth factors: n=10 years, i=5%, pfa= 7.722
: n=30 years, i=5%, p/a=15.372

O8&M PRESENT WORTH - FIRST TEN YEARS

O&M PRESENT WORTH - YEARS ELEVEN THROUGH THIRTY

THIRTY YEAR O&M PRESENT WORTH

THIRTY YEAR TOTAL PRESENT WORTH - CAPITAL PLUS 0&M
THIRTY YEAR TOTAL PRESENT WORTH RANGE - CAPITAL PLUS O&M (-30% TO +50%)
$2,700,000 TO

NOTES: )
(1) This cost estimate is order-of-magnitude level accuracy.
(2) Total costs are rounded to nearest $10,000 or $100,000.
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$5,700,000

$1,800,000
$200,000

$2,100,000

$3,800,000



TABLEK <4

UNION STATION CLEANUP ACTION
ALTERNATIVE 4 COST ESTIMATE

Item Quantity Unit Unit Cost ($) Extended Cost ($) Total Cost ($)
CAPITAL COST
INSTITUTIONAL CONTROLS
Deed Restrictions 1 Is 20,000 20,000
TOTAL CAPITAL COST - INSTITUTIONAL CONTROLS 20,000
MONITORING
Groundwater Monitering Wells 100 i 150 20,000
{3 new wails)
Monitoring Well Decommissioning 6 ea 5,000 30,000
(3 before construction, 3 after completion)
Engineering/Legal 1 Is 10,000 10,000
Itemized Subtotal 60,000
Contingency @ 30% of Subtotal 20,000
TOTAL CAPITAL COST - MCNITORING 80,000 -
PAVING
Asphalt Concrete Pavement 125,000 sf 1.2 150,000
Engineering 1 Is 45,000 50,000
Itemized Subtotal 200,000
Contingancy @ 30% of Subtotal 60,000
TOTAL CAPITAL COST - PAVING 260,000
CONSTRUCTION SOIL EXCAVATION/DISPOSAL
Mobilizaticn/Demobilization 1 is 20,000 20,000
Excavation 2,000 cy 20 40,000
Onsite Solidification 2,000 cy 20 40,000
Tiansportation/Disposal 2,500 cy 40 100,000
(Subtitle D landfill)
Health and Safety 1 Is 20,000 20,000
Engineering 1 Is 70,000 70,000
Itemized Subtotal 290,000
Contingency @ 30% of Subtotal 90,000
TOTAL CAPITAL COST - CONSTRUCTION SOIL EXCAVATION 380,000
AIR SPARGING
Sparge Wells (15 wells) 1,100 # 100 110,000
Alr Blower Systems 1 Is §0,000 50,000
Equipment Sheds 1 Is 50,000 50,000
Instrumentation and Controls 1 Is 50,000 50,000
Piping and Utilities 1 Is 50,000 60,000
Facitity Decommissioning 1 Is 50,000 50,000
Engineering 1 is 110,000 110,000
Itemized Subtota! 470,000
Contingency @ 30% of Subtotal 140,000
TOTAL CAPITAL COST - AIR SPARGING 610,000
ACCESSIBLE SOIL EXCAVATION
Mobllization\Demabilization 1 Is 150,000 150,000
Excavation 80,000 cy 32 2,880,000
Backfill 90,000 cy 20 1,800,000
Health and Safety 1 Is 100,000 100,000
Shoring For Excavation 70,000 sf 70 4,900,000
Soll Staging 90,000 cy 8 450,000
Excavation Dewatering 1 Is 100,000 100,000
Transportation/Disposal 90,000 cy 40 3,600,000
{Subtitle D landfili)
Enginearing 1 Is 1,040,000 1,040,000
Itemized Subtotal 15,000,000
Contingency @ 30% of Subtotal 4,500,000
TOTAL CAPITAL COST - ACCESSIBLE SOIL EXCAVATION 19,500,000
TOTAL CAPITAL COST $20,900,000
CAPITAL COST RANGE (-30% TO +50%)  $14,600,000 TO $31,400,000



ANNUAL OPERATION AND MAINTENANCE COSTS

INSTITUTIONAL CONTROLS MAINTENANCE
Five Year Review and Reporting 1 Is 5,000

TOTAL ANNUAL O&M - INSTITUTIONAL ACTIONS
MONITORING
{Note: menitoring duration assumed at 10 years)
Groundwater Sampling/Analysis 4 event 10,000
{Quarterly monitoring, annual reporting)
Itemized Subtotal
Contingency @ 30% of Subtotal
TOTAL ANNUAL O&M - MONITORING (FIRST TEN YEARS)
PAVING .
Paving Repalr 1 Is 5,000
(3 % of capital cost of paving)
Itemized Subtotal
Contingency @ 30% of Subtotal
TOTAL ANNUAL O&M - PAVING
AIR SPARGING
(Note: air sparging duration assumed at 10 years)
Etectricity (50 hp) 325,000 lwh 0.05
Soll Gas Monltoring 60 ea 500
(Quarterly tasting of 15 wells)
Operator (2 days per month) 24 days 400
Engineering Support 1 Is 20,000
Equipment Malntenance 1 Is 20,000
(5% of capital cost)
Itemlze.d Subtotal
Contingency @ 30% of Subtotal

TOTAL ANNUAL O&M - AIR SPARGING (FIRST TEN YEARS)

TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS - FIRST TEN YEARS

TOTAL ANNUAL OPERATION AND MAINTENANGE COSTS - YEARS ELEVEN THROUGH THIRTY

5,000

5,000

40,000

40,000
10,000

50,000
5,000

5,000
2,000

10,000

16,000
30,000

10,000
20,000
20,000
100,000
30,000

130,000

200,000

20,000

PRESENT WORTH ANALYSIS

Presant worth factors: n=10 years, i=5%, pfa=7.722
: n=30 years, i=5%, p/a=15.372

O8M PRESENT WORTH - FIRST TEN YEARS
O&M PRESENT WORTH - YEARS ELEVEN THROUGH THIRTY

THIRTY YEAR O&M PRESENT WORTH

THIRTY YEAR TOTAL PRESENT WORTH - CAPITAL PLUS D&M
THIATY YEAR TOTAL PRESENT WORTH RANGE - CAPITAL PLUS O&M (-30% TO +50%)
$15,800,000 TO $33,900,000

NOTES:
(1) This cost estimate Is order-ot-magnitude leval accuracy.
(2) Total costs are rounded to nearest $10,000 or $100,000.
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$1,500,000
$200,000

$1,700,000

$22,600,000



APPENDIX L
cPAH BIODEGRADATION LITERATURE REVIEW




Reference @ Type of Remediation

TABLE L-1

BIODEGRADATION LITERATURE REVIEW

Nelson et al. 1995 In situ bioremediation

Kovacs and In situ bioremediation

Landsman 1995

Symons et al. 1995 In situ bioremediation

Gantzer and Cosgriff  In situ bioremediation

1995

Durant et al. 1995 In situ bioremediation

Ross et al. 1995 In situ soil washing

with surfactants

Brubaker and Stroo
1995

Slurry and column

Alleman et al. 1995 Bioventing of vadose

zone

06/26/96 J:\273\008\012\TABLE.L-1

Site/Contaminant Type  Status of Project

MGP wastes Pilot study (ongoing)

No. 6 fuel oil Bench study, ongoing pilot study

Wood treatment wastes ~ Lab treatability, field
demonstration (1 year)

Wood treatment wastes  Site remediation, ongoing (2
years)

Naphthalene from MGP  Laboratory microcosm study

Cutting oils Site remediation

cPAH Laboratory study

Tar site (coal tar PAH)

Pilot scale, ongoing (2 years)

Page10f2

Results

No cPAH detected in source material; after 4
months, no oxygen breakthrough at
monitoring well (tracer breakthrough at 9
days)

PAH not tracked; soil gas suggests increase in
microbial respiration

No cPAH detected in source water (lighter
PAH degraded)

No degradation results given

No cPAH tracked; significant naphthalene
degradation observed

Cutting oils; injected surfactants in
hydraulically isolated area for about 4
months; speculated that infrastructure could
also be used for air sparging/bioventing;
PAH not tracked; no concentrations shown

In slurry, cPAH reduced 27 to 41 percent over
12 weeks; in column, no degradation seen
over 22 weeks of recirculation.

cPAH present (with others); no
measurements made; respiration rates
suggest that biodegradation of something is
occurring

LANDAU ASSOCIATES, INC.



Reference @

Mueller et al. 1995

Wiirdemann et al.
1995

Dablow et al. 1995
Eiermann and

Boliger 1995
Mueller et al. 1991

Huling et al. 1995
McGinnis et al. 1991

Type of Remediation

Bioventing and
biosparging

Bioventing (with
water table lowering)

Steam injection into
vadose zone

Ex situ piles
Landfarming

Landfarming

Landfarming

BIODEGRADATION LITERATURE REVIEW
Site/Contaminant Type

Wood treatment wastes

Gasworks PAH

Nos. 2 and 5 fuel oils
Gasworks site

Creosote

Creosote

Wood treatment wastes

(creosote)

(a) For complete reference, see Section 13.0 of RI/FS.

06/26/96 J:\273\008\012\TABLE.L-1

TABLE L-1

Status of Project

Page 2 of 2

Results

Laboratory study

Field experiment (3 years)

Pilot study and field
demonstration

Site remedia'tion

Laboratory study

Field study (1 year)

Laboratory study and field study

(3 years)

cPAH - 29 to 40 percent degradation in
recirculating column in 8 weeks (5 mg/kg to 3
mg/kg and 7 mg/ kg to5mg/ kg); estimated
half-life of 21 weeks; control column
concentrations increased by 2 mg/kg cPAH
may represent data precision limit

cPAH degradation so low cPAH was used as
a marker of initial concentrations to observe
LPAH degradation

Contaminant concentrations not tracked;
heavy fuel oil removal rates only.

61 to 78% reduction of 4-6 ring PAH in 9
months

Some degradation of cPAH during 12-week
incubation; 0 to 59 percent decrease for
individual cPAH

85 percent decrease in cPAH over 13 months

cPAH had half-lives of 100 days or more. In
some soils, some cPAH compounds showed
essentially no breakdown during study (12
week lab, 3 year field).
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